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Abstract

Traumatic brain injury (TBI) is a leading cause of death in young adults. Molecular mechanisms
of damage and repair are very complex and have yet to be completely unraveled. However, the
importance of anti- and pro-inflammatory mechanisms involved in injury progression and recovery
has been shown. Moreover, there is a clinical need to identify potential biomarkers of injury severity,
patient outcome, and to predict the development of harmful secondary injury. In order to better
understand injury mechanisms, tools that can reliably and reproducibly sample and measure low-
abundance proteins such as cytokines, chemokines, proteases and adhesion molecules are required.
The goal of this thesis is to develop an assay that can efficiently and reliably measure proteins
from human biofluids using the antibody colocalization microarray (ACM), a cross-reactivity
free ELISA-based antibody microarray that is used to measure more than 100 proteins including
cytokines and chemokines in hundreds of 20-30 µL samples. More specifically, the work in this
thesis aims to 1) improve the reproducibility and reliability ACM, 2) improve the reliability of
sampling of brain interstitial fluid by comparing different additives to a large molecular-weight cut-
off cerebral microdialysis perfusion fluid and 3) measure several proteins involved in inflammation,
injury and repair in TBI patients and explore their potential as biomarkers for injury severity, patient
outcome or to predict secondary injury.

To improve reproducibility of ACM microarray spotting, new printing buffers with mixtures of
hygroscopic additiveswere tested and evaluated based on spotting reliability and reproducibility, and
for their capacity to prevent evaporation. To improve the assay reproducibility, the use of multiple
fluorescent calibrants was tested and novel algorithms developed to help normalize and quantify
microarray signals in large-scale experiments including several hundred samples. An improvement
of 25 % in reproducibility was achieved using this novel calibration method. Next, to stabilize the
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recovery of microdialysate fluid, three additives (albumin, low and high molecular dextrans) were
added to cerebral microdialysis perfusion fluid. We performed in vitro tests comparing the relative
recovery of proteins, leakage of additives through the microdialysis membrane, interference with
protein quantification, and finally whether the additives modified protein secretion by glial cell
in cultures, which could lead to erroneous protein measurements in vivo. Finally, we measured
103 proteins in 20-30 µL microdialysate, cerebrospinal fluid and blood time course samples of 8
patients with severe TBI, and blood time course samples of 5 patients with mild TBI and one patient
with non-TBI trauma, as an exploratory study. We found evidence that some, but not all proteins
detected in microdialysate of patients are produced by the brain, and found potential biomarkers of
patient outcome, development of secondary injury, as well as injury severity.

The methods and solutions leading to improvements to the reproducibility and reliability of
the ACM are directly transferable to other microarray platforms that make use of liquid handling
and protein deposition on surfaces, and the comparison of additives for cerebral microdialysis is a
step towards optimizing this valuable technique for indirect brain tissue sampling. The time course
measurements of 103 proteins in cerebral microdialysis, cerebrospinal fluid and blood samples of
TBI patients identified known and new potential biomarkers of injury severity, patient outcome
and to predict the development of secondary injury. The time course data of 103 proteins can be
used to further understand the mechanisms of brain injury and repair, and the potential biomarkers
identified can be further studied and validated in bigger studies. Moreover, the improved ACM
described in this thesis can be used to reliably measure proteins in different clinical populations in
diseases which involve inflammation.
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Résumé

Les traumatismes crâniens (TC) sont une des causes les plus fréquentes de décès chez les jeunes
adultes. Les mécanismes moléculaires impliqués dans les lésions et réparations sont très complexes
et ne sont aujourd’hui toujours pas entièrement compris. Cependant, l’importance des mécanismes
inflammatoires et anti-inflammatoires impliqués dans la progression des lésions et le rétablissement
des patients a été prouvé. De plus, il apparaît cliniquement essentiel de pouvoir identifier de
potentiels biomarqueurs de la sévérité des lésions, du taux de rétablissement des patients et de
prédiction à l’apparition de lésions secondaires dangereuses. Afin de mieux comprendre ces
mécanismes de lésions, des outils capables d’échantillonner et de mesurer avec fiabilité et de
façon reproductible des molécules telles que des cytokines, chémokines, protéases et molécules
d’adhésion sont nécessaires. Cette thèse a pour but de développer un essai qui peut mesurer des
protéines présentes dans les biofluides humains de façon fiable et efficace en utilisant l’"Antibody
colocalization microarray" (ACM), une plateforme de microarray d’anticorps basée sur l’ELISA et
capable de mesurer sans transréactivité plus de 100 protéines incluant des cytokines et chémokines
dans des centaines d’échantillons de 20-30 µL. Plus spécifiquement, le travail décrit dans cette
thèse a pour but de 1) améliorer la reproductibilité et la fiabilité de l’ACM, 2) améliorer la fiabilité
de l’échantillonnage du fluide interstitiel du cerveau en comparant trois additifs ajoutés au liquide
de perfusion de microdialyse (masse moléculaire à haute valeur de coupure) et 3) mesurer plusieurs
protéines impliquées dans l’inflammation, les lésions et le rétablissement de patients souffrant de
TC et en explorer le potentiel en tant que biomarqueurs de la sévérité des lésions, du taux de
rétablissement des patients ou de prédiction à l’apparition de lésions secondaires.

Pour améliorer la reproductibilité d’impression des microarray de l’ACM, de nouveaux tampons
d’impression contenant des mélanges d’additifs hygroscopiques ont été testés et évalués au regard
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de la fiabilité et reproductibilité des dépôts imprimés et de leur capacité à prévenir l’évaporation.
Pour améliorer la reproductibilité des essais, plusieurs calibrants fluorescents ont été testés et de
nouveaux algorithmes développés pour aider à normaliser et quantifier les signaux des microarrays
dans des expériences à grande échelle mesurant des centaines d’échantillons. Cette nouvelle
méthode de calibration a permis d’améliorer de 25 % la reproductibilité des résultats. Par la suite,
trois additifs (albumine et dextrans à faible et haute masse moléculaire) ont été ajoutés au fluide
de perfusion de la microdialyse cérébrale afin de stabiliser sa récupération. Plusieurs tests in vitro
ont été menés pour comparer la récupération des protéines, la fuite des additifs au travers de la
membrane de microdialyse, l’interférence avec la quantification des protéines, et finalement pour
déterminer si la présence des additifs modifiait la sécrétion de protéines par des cellules gliales en
culture, ce qui pourrait générer des erreurs de mesure des protéines in vivo. Finalement, nous avons
mesuré 103 protéines dans 20-30 µL d’échantillons successifs de microdialysat, de liquide céphalo-
rachidien et de sang de 8 patients souffrant de TC sévère, ainsi que des échantillons successifs de
sang de 6 patients souffrant de TC léger et un patient souffrant de trauma sans TC, en tant qu’étude
exploratrice. Nous avons découvert des indices que certaines protéines - mais pas toutes - détectées
dans les échantillons de microdialysat sont produites dans le cerveau, et avons pu identifier de
potentiels biomarqueurs de la sévérité des lésions, du taux de rétablissement des patients, ainsi que
du développement de lésions secondaires.

Les méthodes et solutions identifiées pour améliorer la reproductibilité et la fiabilité de l’ACM
sont directement transférables aux autres plateformes de microarray qui manipulent les liquides et
déposent des protéines à des surfaces, et la comparaison des additifs pour la microdialyse cérébrale
est une étape vers l’optimisation de cette prometteuse technique d’échantillonnage indirect du
tissu cérébral. La mesure de 103 protéines dans les échantillons successifs de microdialysat, de
liquide céphalo-rachidien et de sang de patients souffrant de TC a permis de déterminer de potentiels
biomarqueurs, connus et nouveaux, de la sévérité des lésions, du taux de rétablissement des patients
et du développement des lésions secondaires. Les données successives des 103 protéines peuvent
être également utilisées pour avancer la compréhension des mécanismes de lésion et réparation
cérébrales, tandis que les biomarqueurs identifiés peuvent être étudiés et validés plus profondément
dans de plus vastes études ultérieurement. De plus, l’ACM améliorée décrite dans cette thèse
peut être utilisée pour mesurer des protéines dans des populations cliniques pour des maladies qui
impliquent des processus inflammatoires.
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Contribution to Original Knowledge

Four chapters and one appendix contained in this thesis describe original research performed by
the candidate. This section contains a list of this thesis’ contributions to the body of scientific
knowledge.

Chapter 3 describes a method for determining the combination of hygroscopic additives to
microarray printing buffer that is best suited for any given brand or type of microarray slide in order
to improve spot morphology, consistency and reproducibility. This method has not been described
before and is simple to execute. Using this method, we have developed a new microarray printing
buffer (2 m betaine, 25 % 2,3-butanediol in phosphate-buffered saline) which results in great spot
morphology, enhanced signal intensity and reproducible microarray spots on reactive aldehyde
microarray slides.

Chapter 4 presents a new method of calibrating microarray data to improve reproducibility of
experiments by using multiple printed fluorescent molecules on each subarray of each microarray.
The investigation of the mathematical relationship between calibrant and assay fluorescence signals
has never been done before to our knowledge, and revealed a weighted logarithmic relationship
between calibrant and assay fluorescence signals.

Chapter 5 presents the first quantitativemeasurement of leakage of albumin and dextrans through
a commercially available cerebral microdialysis membrane. The study of the effect of additives on
the measurements of small molecules and 96 proteins is also presented for the first time, as is the
effect of additives, fresh whole blood and low-dose lipopolysaccharides on the levels of proteins
secreted in the cell media of human U87 cells of CNS glial origin.

Finally, chapter 6 is the first to measure 103 low- to mid-abundance proteins using a cross-
reactivity free immunoassay-based platform (the antibody colocalization microarray) in matched



xlvii

microdialysate, cerebrospinal fluid, and blood time course samples of patients suffering from severe
traumatic brain injury. Previous studies only measured up to 17 proteins in all three fluids. This
chapter is the first to offer insight into the provenance of the proteins detected in microdialysate
samples by comparing values in microdialysate, cerebrospinal fluid and blood, presenting a list of
proteins that are likely to be produced in the brain, some that are likely to be produced elsewhere
in the body, and others that are likely to produced in the brain as well as elsewhere in the body.
This chapter is also the first to describe which blood collection tube is most appropriate for a given
protein based on initial measurements and stability during a 2 h pre-centrifugation wait, instead of
a picking a single blood collection tube. This data is used to analyze time course samples of severe
and mild traumatic brain injury patients. Finally it offers time course data for 11 proteins never
before measured in traumatic brain injury, and a list of new potential biomarkers of injury severity,
development of secondary injury, and outcome.

Appendix A is a short conference proceeding that describes two new silicon quill pin designs
which are robust, affordable and have high liquid capacity. This allows for printing thousands of
spots from a single dipping in printing buffer. The new pin design was used in this thesis to print
all microarray slides.
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Ab Antibody
ACM Antibody colocalization microarray
aCSF Artificial cerebrospinal fluid
Ag Antigen
Alg Algorithm
BSA Bovine serum albumin
cAb Capture antibody
CSF Cerebrospinal fluid
CTAD Citrate-theophylline, adenosine, dipyridamole
CV Coefficient of variation (%)
dAb Detection antibody
Dextran500 500 kDa dextran
DextranHMW High molecular weight (∼250 kDa) dextran
DextranLMW Low molecular weight (∼75 kDa) dextran
Dx Diagnosis
EDTA Ethylenediamine tetraacetic acid
ELISA Enzyme-linked immunosorbent assay
GCS Glasgow coma scale
GOS-E Extended Glasgow outcome scale
ICP Intra-cranial pressure
IF Interstitial fluid
IgG Immunoglobulin G
LOD Limit of detection
MD Microdialysis
mTBI Mild traumatic brain injury
mTBIC Mild complex traumatic brain injury
mTBIS Mild simple traumatic brain injury
MSA Multiplexed sandwich assay
PBS Phosphate-buffered saline
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sTBI Severe traumatic brain injury
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CHAPTER 1

Introduction

1.1 Background

Amechanical force that causes traumatic injury to the brain tissue inside the skull is called traumatic
brain injury (TBI). It can be caused by sports accidents, falls, motor vehicle accidents, sound waves
as experienced in explosions, and penetrating objects such as nails, knives, or bullets. TBI is a
leading cause of death in young adults; it has an estimated incidence of 295 persons per 100,000
per year [1], therefore it can be estimated that in Canada in 2018, approximately 110,000 new
cases of TBI were seen in emergency wards each year, of which roughly 15,000 were classified as
moderate and severe TBI. Injury severity is commonly classified according to the Glasgow Coma
Scale (GCS) [2] which quickly assesses the eye, verbal and motor responses of patients. The scale
ranges from 15 (normal response) to 3 (no response) and depending on their GCS score, patients
are classified into severe (score of 8 or less), moderate (score of 9 to 12) or mild (score of 13 or
more) TBI categories. This categorization helps clinicians determine the best course of action for
patient care. The incidence of TBI has increased in Quebec since the turn of the century [3] and
overall, costs and mortality rates have also increased in the United States [4]. Public records of TBI
incidence has been shown to underestimate the true incidence of TBI by 29 % [5], and up to 37 %
of adult men will suffer from TBI at least once in their lifetime [6], therefore TBI is a widespread
problem with considerable consequences for society.

In the case of severe TBI, the initial diagnosis is usually straightforwardwith patient examination
and confirmation with a computed tomography (CT) scan. Diagnosing patients suffering frommild
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TBI is more difficult. CT scans are negative in about 50 % of cases [7], and for patients whose GCS
score is 15, a CT scan is only about 4 % sensitive, with no correlation of findings on CT scans with
symptoms at 3 months post-injury [8]. Patient history of loss of consciousness or memory is not
always accurate and remains the only method to diagnose mild TBI when CT scans are negative.
Moreover, 10-15 % of patients who suffered a mild TBI develop direct long-term complications
and never fully recover [9], therefore early outcome prediction would be useful to help prevent
complications and identify patients in need of careful follow-up. In severe TBI, a number of
patients develop general brain swelling (edema), which increases the intracranial pressure and can
lead to further brain damage, called secondary injury, and death if left untreated. Outcome of
patients is also difficult to predict - some patients recover fully while others die or are left disabled
for life.

TBI has been linked to increased risks for a number of conditions such as neuropsychiatric
disorders [10], multiple sclerosis [11], post-traumatic stress disorder [12], Parkinson’s disease [13],
Alzeihmer’s disease [14] and chronic traumatic encephalopathy (CTE), a form of neurodegeneration
[15]. Some of these findings could be explained by the fact that microglial activation can be seen
for up to 17 years after TBI in specific regions of the whole brain [16].

Funding agencies have recognized the importance of finding new ways to diagnose and treat
mild TBI, and clinical trials depend on accurate diagnosis and prognosis of patients. A quick,
objective, non-invasive, sensitive and specific test does not currently exist to determine 1) signs of
brain injury, 2) the prediction of secondary injuries, and 3) the prediction of outcome for patients.
Such a tool would be of great help to clinicians in the diagnosis and management of TBI patients.

1.2 Rationale and objectives

In order to increase the chance of finding biomarkers for the diagnosis and management of TBI,
a method that can measure numerous low-abundance proteins involved in inflammation, injury
and repair, with good sensitivity and reproducibility, from samples with very small volume is
required. The antibody colocalization microarray (ACM) is a platform that avoids false positive
results due to antibody cross-reactivity, which is a challenge for all sandwich immunoassay-based
multiplexed protein measurements platforms in which mixtures of detection antibodies are applied
[17]. Indeed when detection antibodies are mixed, the identity of the detection antibody binding
to antigens cannot be ascertained and the number of possible cross-reactivity events increases
exponentiallywith the number of antigens beingmeasured. TheACMphysically separates detection
antibodies, thereby avoiding all possible cross-reactivity, and allows the addition of proteins to
be measured on the platform without extensive optimization as is required for other platforms.
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However, optimization of the assay procedure and analysis is required to improve sensitivity and
reproducibility that can allow reliable quantification of low-abundance proteins in hundreds of
samples.

Proteins produced in the brain tissue are best measured through the use of cerebral microdialysis
with a high molecular-weight cut-off, an indirect sampling method of the brain tissue interstitial
fluid. Comparing the levels of proteins measured in microdialysate to that in cerebrospinal fluid
(CSF) and blood in severe TBI patients can lead to the determination of the origin of production
of the proteins, and whether they are measurable in blood, the only sample available from mild
TBI patients. The levels of proteins can vary widely in the first three to five days post-injury [18],
therefore it is best to sample microdialysate, CSF and blood samples at regular intervals over the
course of a few days after the insertion of the cerebral microdialysis catheter. A study of the peaks
and valleys in the evolution of levels of proteins can potentially give more information than a single
level measurement, especially since proteins are known to peak at different times post-injury.

In order to properly compare levels of proteins measured in microdialysate to that of CSF and
blood, a measure of the proportion of proteins which pass into the microdialysate compared to the
quantity found in the sampled tissue needs to be calculated (called relative recovery), and is usually
estimated using in vitro tests [19–28]. While the relative recovery of a few molecules have been
calculated this way, it is affected by the composition of the perfusion fluid, the length and material
of the catheters, and therefore should be measured for the proteins measured by the ACM, using
the specific catheters used in collecting samples from severe TBI patients.

Finally, it is known that some proteins are best measured in plasma, while others are best
measured in serum, since these two types of samples, although both originating from circulating
blood, are considered to be distinct because of blood clotting which occurs when serum samples
are collected. When measuring multiple proteins, it is therefore desirable to measure each of them
in the sample type which best reflect the levels present in the blood circulation of patients.

1.3 Thesis outline

Chapter 2 present a review of the literature that describes how TBI is currently managed in clinical
settings, known potential biomarkers of TBI, platforms for proteomic analyses, and factors that can
affect protein quantification in different bodily fluids.

In chapter 3, a method for optimizing microarray printing buffers which prevent evaporation
by adding mixtures of hygroscopic additives is presented, and is used to find a printing buffer for
the reactive-aldehyde coated microarray slides used in the ACM. The printing buffer containing
betaine and 2,3-butanediol increases sensitivity of assays, and improves the reproducibility of
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spotting. These improvements allow the measurements of a few low-abundance proteins in small-
scale experiments (less than 100 samples) with good sensitivity and reproducibility.

In chapter 4, a new method to improve reproducibility in large-scale experiments is presented,
allowing the measurement of more than 100 proteins in hundreds of patient samples. It is based
on the addition of multiple fluorescent calibrants to the capture antibody printing step, and the
fluorescence signals obtained from the calibrants is usedmathematically to compensate for local and
systemic sources of noise and bias which normally leads to imprecision in protein measurements.

Chapter 5 presents a comparison of additives (albumin and dextrans) to the microdialysis
perfusion fluid, normally used to stabilize the recovery of fluid which is a problem with high
molecular-weight cutoff microdialysis. The calculation of relative recovery for 94 proteins is
performed, required to properly infer the quantity of proteins measured in the brain tissue of
severe TBI patients. Because there are concerns about the safety of the additives used in brain
microdialysis, we also measure leakage through the microdialysis membrane in vitro, and the effect
of the presence of additives on the measurement of small molecules and proteins. Finally, we study
the effect of the presence of additives on the levels of proteins secreted by human U87 cells of glial
origin.

In chapter 6, 103 proteins are measured in time course samples of microdialysate, cerebrospinal
fluid and blood samples of severe TBI patients, as well as blood samples of mild TBI patients and
a single non-TBI trauma patient as control. Both serum and plasma samples are collected, and the
most appropriate blood sample type is determined for each protein using results from a small study
of the effect of blood tube type and pre-processing waiting time and temperature using samples
from healthy volunteers. Levels of proteins in the brain interstitial fluid of patients is estimated
using the measurements of relative recovery obtained in the previous chapter, and levels in the brain,
cerebrospinal fluid and blood are compared to determine the origin of production for each protein
detected in microdialysate. Using this information, several known and new potential biomarkers of
injury severity, development of secondary injuries and outcome are described.

Chapter 7 discusses the limitations and scope of the studies presented in this thesis and challenges
encountered. It also compares the reproducibility and sensitivity of data obtained in each study,
which improved with each chapter, and discusses how findings presented in the thesis can be used
by the scientific community.

Finally, chapter 8 concludes the thesis by summarizing findings and providing an outlook and
discussion on future work.

Appendix A describes the design and testing of improved silicon quill pins used to print
microarrays for all chapters listed in this thesis.
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Appendix B is a detailed description of the ACM platform and protocol used throughout the
rest of the thesis.
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CHAPTER 2

Literature Review

The brain is part of the central nervous system (CNS), which is highly protected by the skull. The
spinal cord, also part of the CNS, is similarly protected by vertebrae. The brain and spinal cord both
bathe in cerebrospinal fluid, produced in large part by choroid plexus cells lining the ventricules,
which are hollow chambers within the brain. The CNS is made up of neuron cells, which collect
signals from the body, process the information, and send signals to muscles, glands, etc. Neurons
in the brain are surrounded by glia cells (figure 2.1) which provide nourishment, stability and
protection to neurons as well as contribute to neurovascular interactions by modulating the blood
brain barrier. Four cells types are considered to be glia: oligodendrocytes, astrocytes, ependymal
cells, and microglia. Oligodendrocytes provide support and electrical insulation to neuron’s axons
(figure 2.1b), while astrocytes play roles in the nourishment of neurons, maintenance of the
extracellullar milieu, and supporting the endothelial cells of blood capillaries that form the blood-
brain barrier. Ependymal cells line the pial surface of the brain and like choroid plexus cells, are
involved in the production of CSF. Finally microglia are the brain’s resident macrophage cells,
involved in the maintenance and repair of the brain. Because the CNS is protected from the rest of
the body including pathogens, the role of microglia include recognizing and swallowing pathogens
that might enter the brain.
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A B

C

Figure 2.1: Brain and brain cells. A The human central nervous system (CNS) is composed of
the brain including several lobes, a cerebellum, a brain stem and a spinal cord. B Neurons that
inhabit the CNS are complex cells with dendrites to receive messages from other neurons, and an
axon to transmit signals to other neurons. C The CNS is composed of neurons and glia, including
astrocytes, oligodendrocytes, microglia and ependymal cells that serve to protect, nourish and
sustain neurons. Images obtained from [29] under CC-BY 4.0.
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2.1 Current methods in management of TBI

Traumatic brain injuries (TBI) happen when there is a physical blow to the head by an object or
sound wave, which may or may not penetrate the skull to damage the brain tissue underneath. A
hit to the head is often accompanied by a counter-hit which is the physical reaction of forcefully
pushing the brain tissue towards one direction in the skull (figure 2.2a). Therefore hits to the head
can produce multiple injuries across the brain, and not only at the exact site of injury. The section
below describes current methods of diagnosing, prognosing and monitoring patients with TBI in
the clinic.

A B

Figure 2.2: Traumatic brain injury mechanism and CT scan. A When the head is hit (coup),
it is often accompanied by a contre-coup, which both cause lesions to opposite sides of the brain.
Image obtained from [30] under CC-BY 2.5. B Preoperative CT scan of a patient while he had a
GCS of 14. Image obtained from [31] under CC-BY 2.0.

2.1.1 Physiological description of TBI

TBIs are heterogeneous injuries that are caused by direct impact to the head, or acceleration and
decelaration that can all cause injuries to the brain itself. In addition to skull fractures, penetrating
injuries and brain lacerations, other pathologies can be present such as brain swelling, contusions,
micro-bleeds, intracranial bleeding (hematomas and hemorrhages) and diffuse axonal injury (DAI).
DAI causes cytoskeletal neuron damage, whereby normally intra-cellular cytoskeletal proteins can
be found in the interstitial fluid of the brain tissue, flushed in the CSF and later into the blood
circulation. Other injuries can induce blood-brain barrier disruptions, allowing proteins from
the blood that are normally not present in the brain tissue to pass the blood-brain barrier and be
detected in the brain tissue or cerebrospinal fluid (CSF). All types of injuries can be found in
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both mild and severe TBIs because the severity is determined through the use of the GCS, which
measures the response of the brain to the injuries. However, when injuries are visible on CT
scans, patients suffering from mTBI most often have contusions and subarachnoid hemorrhages.
DAI and subdural hematomas are most often seen in sTBI patients, in addition to contusions and
subarachnoid hemorrhages.

Clinically, TBIs can lead to a plethora of symptoms such as loss of consciousness, convulsions,
confusion, lightheadedness, difficulties speaking, sleepiness or lethargy, headache, vomiting, lack
of muscular coordination, difficulty with balance, nausea, ringing in ears, strange taste in the mouth
as well as mood changes and behavioural and cognitive changes such as difficulties with memory,
attention, and concentration.

2.1.2 Diagnosis

The most commonly used diagnosis methods for TBI are the clinical history, CT scan (figure 2.2b)
and neurological examination, and the GCS is used to monitor patients regularly. However, a study
demonstrated that physicians are not always accurate in their evaluation of a patient’s GCS score
[32] due to the subjective nature of the evaluation, as well as potential patient alcohol intoxication
at the time of injury [33]. The injury severity score (ISS) [34] is also determined, but it is not
widely used in practice to monitor patients. In the case of polytrauma patients - patients who have
injuries elsewhere such as abdominal, thoracic, or orthopedic injuries, a study has shown that GCS
is inconsistent and the abbreviated ISS for the head is a more accurate measure of patients head
injury [35]. Pupil reactivity [36] is a simple test used to determine if a patient requires urgent
decompressive surgery. For mild TBI patients, age and clinical variables are stronger predictors of
injury than CT scan [37] because of the lack of sensitivity of this technique.

2.1.3 Secondary injuries

Once diagnosed, patients are first treated for their acute injuries. Lesions that take up a substantial
volume in the skull such as bleeds (hematomas) are evacuated by surgery [38, 39] as quickly as
possible, because these lesions are life threatening and can lead to poor outcome if left untreated.
However, secondary injuries can develop in the hours to days following the initial injury as an
indirect effect of the primary injury, as a result of pathological biochemical pathways. The exact
molecular processes involved in the development of secondary injuries are not well known, but can
result in brain hypoxia (low oxygen), ischemia (low blood flow), hypotension (low blood pressure),
breakdown of the blood-brain barrier and edema (swelling) which leads to raised intra-cranial
pressure. Because raised intra-cranial pressure can lead to brain herniation, in which parts of
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the brain are squeezed through openings in the cranium, interventions are necessary to prevent
further damage to the brain. Patients suffering from sTBI are typically kept in a medically-induced
coma in order to lower the requirements of the brain in oxygen, and help lower intra-cranial
pressure by decreasing the amount of blood present in the brain. Other possible secondary injuries
include hypercapnia (increased blood concentration of carbon dioxide), acidosis (decreased blood
pH), meningitis, brain abscess, loss of cerebral autoregulation (of blood flow within the brain)
and excitotoxicity (increased extracellular excitatory neurotransmitters such as glutamate). All
secondary injuries can injure neurons that were not initially injured in the primary injury. Patients
that suffered from TBI are monitored during their recovery period and in the case of severe TBI,
medications or surgery is considered if secondary injuries develop. There exists no method for
predicting the apparition of secondary injuries. Monitoring of patients vital signs, blood flow in
the brain and intracranial pressure are currently the only ways to detect secondary injuries as they
develop.

2.1.4 Prognosis/outcome prediction

Outcome of patients is categorized using the Glasgow Outcome Scale [40] or its extended version
[41] which comprises 5 and 8 categories respectively between death and complete recovery. These
scales are not foolproof and misclassifications are known to affect results of clinical trials [42].
Early outcome prediction, or prognosis, of patients is crucial in helping clinicians determine the
best treatment for patients, and when accurate, can help families in decisions they may be required
to make. A number of studies have looked at different factors that help predict outcome in patients:
from age and injury severity [43, 44], post-traumatic amnesia, sitting balance and limb strength [45]
to diffusion-weighted MRI findings [46]. The International Mission for Prognosis and Analysis of
Clinical Trials in TBI (IMPACT) study has led to a more refined list of factors that appear to help
predict patient outcome [47–50]. For example, it has shown that blood pressure at admission [47]
and the cause of injury [48] do not improve reliability of prognosis, while pupil reactivity [49] and
laboratory values at admission [50] (such as blood sodium, glucose, etc.) can help establishing
a prognosis. Indeed, another study has shown that prognosis based on admission characteristics
of patients has a specificity of 78-89% [51]. The IMPACT study shows that adding biomarkers
can increase outcome prediction and differentiate between injury types [52], however no single
potential biomarker has yet been found to be sensitive and specific enough to be used clinically.
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2.2 Potential biomarkers of TBI

Many molecules measured in the blood or CSF have been studied as potential biomarkers to
improve the clinical management of TBI patients. Figure 2.3 shows a list of biomarkers that have
been studied and have shown good potential. Most of the molecules studied are proteins and they
are normally released not only by neurons, but also astrocytes, microglia, liver and immune cells.

Figure 2.3: Blood biomarkers of TBI. Anatomical locations of potential TBI biomarkers. The
biomarkers included in this schematic all rated as “good” (AUC=0.80→0.89) or better for any
of the four clinical situations studied (detecting concussion, predicting intracranial damage after
concussion, predicting delayed recovery after concussion, and predicting adverse outcome after
severe TBI). Biomarkers with a pooled AUC <0.8 are not shown. 1Also found in adipose tissue;
2synthesized in cells of stomach and pancreas; 3found mostly in pons; 4also found extracellularly;
5lectin pathway of the complement system; 6also found in endothelial cells; 7may regulate HPA
axis; 8panels of molecules. BBB: blood brain barrier. ECM: Extracellular matrix. AUC: Area
under curve (predictive value). Image obtained from [53] under CC-BY 4.0.

2.2.1 Brain-specific proteins

The ideal TBI biomarkers has been described by Papa et al. in 2008 to be a protein or a panel of
proteins or other molecules that 1) is highly specific for TBI and shows the degree of severity of
injuries, 2) is sensitive, detecting all cases of TBI, 3) appears rapidly in the blood, urine or saliva
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of patients after injury, 4) provides information about injury mechanisms, 5) has a well-defined
time profile, 6) can be used to monitor progress, recovery and response to treatment, 7) can predict
outcome and 8) is easily measured by a clinical analyzer or other FDA-approved devices [54].

A number of research groups have studied one or more proteins in patients who have suffered
a TBI, by measuring them in blood, CSF or brain tissue through the use of cerebral microdialysis,
in hope of finding a molecule whose level could predict injury severity or patient outcome. A
number of brain-specific intracellular proteins have been studied as potential biomarker for injury
severity, such as the cytoskeletal protein ubiquitin carboxy-hydroxylase L1 [55], however it is a
poor predictor of injury for patients with negative CT scans [56]. Neuron-specific enolase [57],
myelin basic protein [58], glial fibrillary acidic protein [59] and S100B [60] or secreted proteins
involved in inflammation such as β-nerve growth factor [61], have been extensively studied and
correlated with injury severity and outcome. However, they have not shown sufficient specificity
and sensitivity [62].

Other molecules have been interrogated as potential biomarkers of TBI. Some proteins are
intracellular (αII-spectrin degradation products due to calpain or caspase [63, 64], tau [65], hyper-
phosphorylated neurofilament-heavy[66] and cytochrome c [67]) while others are extracellular and
involved in inflammation, apoptosis or repair (adhesion molecules measured in CSF [68], intracel-
lular adhesion molecule 1 [69], caspase-3 [70], α-microglobulin, soluble FAS receptor [71], brain
gelatinases [72], matrix metalloproteinases [73, 74], interleukin-1β [75] and amyloid-β1-42 [65]).

2.2.2 Proteins involved in inflammation

A gene expression microarray study has shown that over 1,200 genes are differentially expressed
in the whole brain following severe TBI [76]. Because it is generally accepted that the whole
brain exhibits a strong inflammatory response in TBI, which can help or hinder repair and recov-
ery, the complex interactions between several anti- and pro-inflammatory proteins (cytokines and
chemokines), which are small, low-abundance proteins with concentrations in the range of pg/mL
have been studied [18, 20, 27, 77–89]. However, proteins involved in the inflammatory cascade are
not specific to the brain, and TBI patients who also have injuries elsewhere most likely produce
cytokines and chemokines in multiple places in the body, making it difficult to determine the origin
of proteins detected in blood samples.

2.2.3 Genetics and other molecules

Additionally, a few gene polymorphisms have been associated with a poorer outcome, such as
specific Apolipoprotein E [90], brain-derived neurotrophic factor [91], and interleukin-6 [92] gene



Chapter 2. Literature Review 15

polymorphisms. High levels of estrogens and progesterone have also shown to have neuroprotective
effects [93, 94]. Other molecules studied in relations with TBI are microRNAs [95] and small
molecules that constitute the metabolome [96].

None of the proteins or othermolecules studied have shown a specificity and sensitivity sufficient
for use in the clinic. This can be due to the large patient variability in age, health condition and
genetic traits which affect basal protein levels, as well as the type of head injury sustained. Patients
also frequently have multiple injuries to the rest of their body, which can affect the levels of
inflammatory proteins in the blood and CSF [97].

2.3 Effect of pre-analytical variables on sample measurements

Professor and physician Linda Papa expresses concerns over the number of studies of biomarkers
in TBI [98]: "The flurry of research in the area over the last decade is encouraging but is limited
by small sample sizes, variable practices in sample collection, inconsistent biomarker-related data
elements and disparate outcome measures. Future studies of biomarkers for pediatric TBI will
require rigorous and more uniform research methodology, common data elements, and consistent
performance measures." Among the many factors listed, several pre-analytical variables pertaining
to collection protocols of blood, CSF and cerebral microdialysis, are shown to have an impact on
proteomic analyses.

2.3.1 Cerebral microdialysis

Cerebral microdialysis was invented and commercialized by Ungerstedt [102] and consists in a thin
catheter that is 1-3 cm long, allowing contact with neurons and glia cells when inserted in the brain.
It was originally inserted in the brain tissue of animals to study the effect of dopamine and for
the delivery of different chemicals (figure 2.4a). Perfusion fluid, usually artificial CSF, is pumped
through a very small, flexible tube to a tip made of a membrane 1-3 cm in length through which
small molecules located in the brain tissue interstitial fluid can diffuse freely. The microdialysate is
collected in small vials and the levels of different molecules can be measured. The relative recovery
of molecules is based on their diffusion constant, which varies with molecular weight, temperature
and flow rate of perfusion. Since it is an invasive technique, cerebral microdialysis was first used
in humans suffering from strokes or severe TBI, and is not used on normal controls.

Small metabolites (glucose, glutamate, lactate and pyruvate) were first studied in the context
of severe TBI [103] using a catheter with a 20 kDa cut-off (CMA 70). It was shown that high
levels of cytotoxic glutamate can be seen as soon as three days after injury and can last up to nine
days [104]. Relative level of recovery of small molecules is close to 100 %, and therefore is less
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Figure 2.4: Microdialysate, blood and cerebrospinal fluid. A Cerebral microdialysis consists
in indirectly sampling the brain tissue interstitial fluid (IF) at the point of insertion. Metabolites
present in the IF diffuse freely inside the catheter, while drugs present in the perfusion fluid can
diffuse freely into the brain. The collected microdialysate can be analyzed by the patient’s bedside
for small or large molecules. Location of the catheter gold-tip can be verified by CT scan. Image
reproduced from [99] with permission. B The brain contains cerebrospinal fluid (CSF) which is
produced in a large part in the ventricles by choroid plexus cells. It also surrounds the brain under
the meninges, which are membranes under the skull that contain the brain and CSF. The CSF also
envelops that spinal cord, where it can be obtained via a lumbar puncture. Image obtained from
[100] under CC-BY 3.0. C Human red and white blood cells present in blood are in contact with
all organs of the body. Blood also contains diluted CSF. Scale bar is 10 µm. Adapted from [101]
under CC-BY 2.0.
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affected by changes in perfusion flow rate. However, due to their higher molecular weight, the
relative recovery rate of low-abundance IL-6 and IL-1β have been shown to be approximately 6 %
at a flow rate of 0.5 µL/min [105]. In order to improve the relative recovery of proteins, a catheter
with a membrane cut-off of 100 kDa was produced (CMA 71), which allows greater diffusion of
proteins, and therefore recovery rate [106]. While the use of cerebral microdialysis to measure
small molecules (glucose, lactate, pyruvate, glutamate, glycerol) using the 20 kDa catheter has
been established in certain hospitals as part of routine care in North America [107] and Europe,
the 100 kDa molecular weight cut-off catheter can only be used in research studies because it is not
FDA-approved.

The use of heparin and heparin-coveredmicrospheres [108] or 3.5 % human albumin [25] added
to the perfusion fluid also increased the relative recovery of proteins when used with the 100 kDa
molecular weight cut-off. Albumin also served to increase fluid recovery, defined as the ratio of
the volume of microdialysate recovered to perfusate injected in the catheter. The manufacturer of
cerebral microdialysis catheters recommends adding 3 % clinical grade dextran of molecular weight
60 kDa to improve fluid recovery, and they sell perfusion fluid containing 500 kDa dextran. Indeed,
if there is a difference in osmolality between the perfusion fluid and the brain tissue, perfusion
fluid can partially pass into the brain tissue by ultra-filtration, which additives such as albumin and
dextrans prevent. On the other hand, albumin could leak through the membrane from the perfusion
fluid and potentially affect the brain tissue locally. Neuron and glia are not normally exposed to
albumin, and it has been shown that its presence activates astrocytes [109]. Leakage of 60 kDa
dextran and albumin through the microdialysis membrane have not been measured quantitatively,
but both have a size below 100 kDa, the molecular weight cut-off of the membrane.

Microdialysis vials are kept at 4 ◦C until small molecules can be measured or until frozen at
−80 ◦C to prevent degradation of small molecules and proteins.

2.3.2 Cerebrospinal fluid

CSF is a clear liquid in which the brain tissue bathes (figure 2.4b). In patients suffering from
severe TBI, it is collected through an extra-ventricular drain which helps regulate high intra-cranial
pressure due to secondary injuries. It is however commonly collected through a lumbar puncture
in normal controls, even though ventricular and lumbar quantities of proteins differs [110], and
therefore the two should not be quantitatively considered equal. Studies have shown that CSF
protein content appears to be free of degradation for at least two hours at room temperature [111],
and that degradation can be seen when left at room temperature for four or more hours. This
degradation was not improved by the addition of protease inhibitors [112].
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2.3.3 Blood

Blood is composed of a liquid portion (plasma) which contains different types of cells, most
importantly red blood cells, white blood cells of the immune response and platelets involved in
blood coagulation cascades (figure 2.4c). Venous and arterial blood can be collected in several
different tubes. Additive-free tubes for serum collection allows blood to clot at room temperature
before centrifugation, which takes a few minutes to an hour, effectively trapping cells and ridding
the serum from clotting factors. Studies have shown that the amount of time during which blood is
allowed to clot alters the levels of some proteins, and this is in part due to the presence of platelets
[113]. Platelets are known to produce gelatinases which can degrade certain proteins [114]. One
study also shows that the presence of thrombin in serum causes broad-spectrum protein degradation
[115]. Other blood collection tubes contain anticoagulant additives to prevent blood clotting, such
as ethylenediaminetetraacetic acid (EDTA), heparin, or citrate. Cells contained in the blood are
removed by centrifugation at 4 ◦C or room temperature.

In the past 20-30 years, certain groups started to study the stability of small metabolites and
proteins in blood treated with different anti-coagulants [116], and the importance of studying
the stability of analytes of interest during sample collection and processing was established [117].
Various groups looked at the effects of waiting time and temperature before and after centrifugation,
storage temperature, addition of anti-coagulants [118], platelet-depletion by filtration [119] and also
studied the addition of protease inhibitors to EDTA-containing blood collection tubes [120].

It has been widely shown that levels of proteins greatly vary between serum and plasma samples
[113, 121] and the stability of proteins while waiting before and after centrifugation varies between
serum and plasma collected in different blood collection tubes. Although the Human Proteome
Organization (HUPO) recommends using EDTA-plasma to collect blood for proteomics studies
[119], different proteins are best collected in different blood collection tubes and processed as
quickly as possible in order to prevent degradation or release of proteins by blood cells while
awaiting processing. While tedious, it is recommended that the most appropriate blood collection
and processing protocol should be determined for each protein studied [122].

2.4 Multiplex protein measurements

Proteins are the products of gene expression in response to the body’s internal and external environ-
ment. They are made of amino acid chains and are often glycosylated with complex sugar residues
when they are normally secreted by cells to the extracellular fluid or the blood. With the advances of
genomics, which is the study of all the genes that make up an organism, proteomics was developed
to study the overall protein content of cells, organs or bodily fluids and gives information about
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the function of genes in organisms [123]. Because proteomics can measure dozens to thousands
of proteins in parallel instead of measuring a single protein in convential assays, the benefit can
be enormous to virtually all scientists seeking to glean more information from precious samples.
Proteomics has been used as a way to discover a large number of potential biomarkers of various
diseases, but validation of potential biomarkers has not yet led to single biomarkers being used in
the clinic due to their lack of sensitivity and specificity for diseases, and ultimately clinical utility.
Most protein biomarkers in use today by clinicians have been discovered through the knowledge
gained from studying a single protein at a time, which is a slow process [124].

Another potential utility of proteomics is the ability to quantify numerous proteins within sin-
gle individuals, a concept called personalized or precision medicine [125]. Indeed, by measuring
many proteins at once in blood or urine of patients, a complete picture of the health status could
potentially be gleaned. However, the field of systems biology which deals with understanding
the complexity of proteins networks seen in living organisms is still in its infancy. Proteomics is
still a young discipline, and improvements in technologies and methodologies hold great promise
in revolutionizing personalized medicine and clinicial diagnosis and prognosis of numerous dis-
eases in the future. Two vastly different technologies used in proteomics are mass spectrometry,
and immunoassay-based assays, which includes antibody microarrays and bead-based multiplex
immunoassays. These two methods lead to very different information, which is explained in the
following section.

2.4.1 Mass spectrometry

Mass spectrometry (MS)-based proteomics is a plethora of techniques that benefit from yearly
technological advances. Proteins in samples are normally cut into smaller pieces of predictable
sizes (peptides), and anMS instrument separates peptides by their molecular size and charge (figure
2.5a-b). MS allows the discovery of proteins in samples without prior hypothesis of presence or
absence, and does not require specific reagents for individual proteins, such as antibodies, allowing
the potential detection of any and all proteins found in a biofluid of interest. For example, a study
on albumin and immunoglobulin-depleted serum in six TBI patients, found 95 proteins which
were differentially expressed compared to normal controls [126]. However, MS-based techniques
suffer from several limitations. The detection of proteins is limited to high- to mid-abundance
proteins, and low-abundance proteins as seen in blood are often not detected by MS in spite of
being quantified by more sensitive methods. Complex samples such as serum or plasma are pre-
treated to remove albumin and immunoglobulins which are high-abundance proteins, however these
techniques are known to also deplete small and low-abundance proteins by as much as 27 % [127].
Quantification of proteins requires the use of isotope-labeled standards. Finally, the instrumentation
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and bioinformatics databases required to use MS are often a deterrent in its adoption as a technique
for the clinic.

In an effort to detect small, low-abundance proteins, a MS-based technique called Selected
Reaction Monitoring (SRM-MS) has allowed the quantitative detection of 75 proteins with limits
of detection in the high pg/mL range [131]. This is a significant improvement over previous MS
techniques, however it requires an input list of proteins to monitor, and isotope-labeled standards
to allow the quantification of those proteins. The sensitivity of this method is still not enough to
detect a lot of cytokines and chemokines involved in the inflammatory response, which are found
in the low- to -mid pg/mL range.

MS has been used to detect several proteins that were differentially expressed in TBI [126,
132–137] however most proteins detected were found in mid- to high-abundance and none of them
were specific to TBI.

2.4.2 Immunoassay-based methods

The Enzyme-Linked Immunosorbent Assay [138] (ELISA) is the gold standard for the accurate,
sensitive and specific detection of single proteins with limits of detection below pg/mL for some
proteins. The antigen of interest is first bound to a capture antibody immobilized to the surface
of a plate, and a matched detection antibody that recognizes a different epitope on the antigen of
interest is incubated. The detection antibody is finally recognized by a reporter molecule (see figure
2.5c). Protein quantification by ELISA is very specific due to the need for the antigen to be be
recognized at two different epitopes in order to generate quantitative signal. The method is also
considered to be very sensitive thanks to the high affinity of matched antibodies used in the assay.
It is also possible to detect proteins immobilized at a surface using a single antibody (reverse-phase
detection), or by immobilizing antibodies to the surface and labeling all the proteins in a sample,
however these methods suffer from cross-reactivity and lack of specificity due to the use of a single
antibody for target recognition.

Current multiplexed technologies based on ELISA such as antibody microarrays or bead-based
immunoassays (see figure 2.5d), do not give as accurate results as the gold standard used in the
clinic and in hospitals [139, 140]. This can be explained by cross-reactivity interactions seen
in multiplexed immunoassays and is a known problem that leads to loss of assay specificity and
false positive results (figure 2.6) [17]. Extensive optimizations of commercially available antibody
microarrays or multiplex bead arrays are required to keep the amount of cross-reactivity within an
acceptable threshold, and limits the number of proteins that can be measured within the same assay
to under 100.
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Figure 2.5: Proteomics technologies. AMass spectrometry consists in ionizing small molecules
and separating them by mass and charge (B), where complex databases and bioinformatics is used
to infer protein identity. Image in A adapted from U.S. Geological Survey (public domain). Image
in B obtained from [128] under a CC-BY 4.0. C The sandwich immunoassay protocol consists in
(1) immobilizing capture antibodies on a surface, (2) blocking the surface to prevent non-specific
adsorption of molecules in samples, (3) incubating samples, (4) incubating detection antibodies
and (5) incubating a reporter molecule that produces a signal that can be quantified. Obtained from
[129] under CC-BY4.0. DMultiplex bead arrays usemixed beadswith fluorescent codes to identify
capture antibodies bound to the surface, and implement classical sandwich immunoassays as in B.
Image obtained from [130] under CC-BY 4.0. E Quantification of proteins using immunoassays
is performed by measuring multiple dilutions of a standard, and intrapolating the fluorescence
intensity of unknown samples.
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Figure 2.6: Cross-reactivity in multiplex immunoassays. A: The ideal assay result (in the
absence of cross-reactivity) shows protein 1 (orange) sandwiched between cAb 1 and dAb 1 on
spot 1, and protein 2 (blue) sandwiched between cAb 2 and dAb 2 on spot 2; protein 1 is abundant
and saturates the spots, whereas protein 2 is scarce. B: Five scenarios of cross-reactivity (i-v) on
spot 2 occurring as a result of the cross-reaction among a pair of non-matched Abs and analytes. A
false positive signal is detected when the non-matched dAb 1 cross-reacts with protein 2 (i), cAb 2
(ii), and dAb 2 (iii). Cross-reactive binding of protein 1 to respectively cAb 2 (iv) or protein 2 (v)
will result in the binding of dAb1 to spot 2 and a false positive signal. Modified from [17] under
CC-BY 4.0.

The Antibody Colocalization Microarray (ACM) has been developed in Prof. David Juncker’s
lab to circumvent the cross-reactivity issues of multiplexed immunoassays, and thereby increase
the accuracy of measurements for over 50 human proteins in a small volume of sample [17], with
the possibility of easily adding matched antibody pairs to the platform to increase the number of
proteins measured.

Similarly to ELISA assays, the ACM assay consists in printing pL-sized droplets of monoclonal
antibodies in triplicate spots for over 50 proteins in each experiment subarray (figure 2.7a) on
chemically-coated glass slides that allow binding of antibodies on the surface. Each microarray
(glass slide) contains 16 subarrays which are physically separated by gaskets (figure 2.7c) dur-
ing blocking, washing and incubation steps. Following slide blocking and antigen and samples
incubation, the ACM avoids cross-reactivity by printing detection antibodies directly atop the corre-
sponding capture antibodies, using silicon quill pins (figure 2.7b, see appendix A) that are precisely
aligned at every spotting round (figure 2.7d) to ensure maximal alignment of spots during the dif-
ferent printing rounds. Detection antibodies, and therefore the bound target proteins, are quantified
using fluorescently-labeled streptavidin, which is easily viewed using a fluorescent scanner (see
figure 2.7 for an example of a fluorescent image of a single subarray). A complete description of
the ACM protocol is located in appendix B.

Proteins measured using the ACM are typically found in low concentrations in samples, and
most are involved in inflammatory processes. The current number of proteins measured with the
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ACM is 50, but can be increased to 108, or more if the density of spots is increased in each
subarray. The list of proteins measured includes cytokines and chemokines known to be involved
in inflammation, as well as known or potential biomarkers of cancer and TBI to broaden the ACM’s
utility to several human diseases.

While the ACM has great potential, two limitations are mainly in the use of validated,
commercially-available matched antibody-pairs normally used in ELISA, and the need for a mi-
croarrayer during the assay. To circumvent this last problem, the SnapChip™was developed which
pre-prints capture and detection antibodies spots on different microarray slides which are then
stored [141–143]. During the assay, stored slides are brought in alignment using a small device.
This method not only removes the requirement for a microarrayer by using stored microarray slides,
it also shortens assay time. However, the density of spots printed is 75 % less than the density
achieved with the ACM due to slight misalignments when slides are brought together, thereby de-
creasing the number of proteins that can bemeasured in the same volume of sample. The addition of
new antibody pairs for the measurement of new proteins on the ACM and the SnapChip™ depends
on the availability of antibody pairs and funding as they are expensive reagents with limited shelf
life of 3-12 months.

Other platforms have been developed that circumvent cross-reactivity like the ACM, as reviewed
elsewhere [144], such as the proximity extension assays (PEA) which has recently been used to
measure 92 proteins in microdialysate samples of severe TBI patients [84]. While there is no
need for extensive optimization of antibody pairs within a single assay, the number of proteins
that can be measured is currently limited to 96 due to the detection method involving quantitative
polymerase chain reaction (PCR) of resulting oligonucleotides that are produced when the capture
and detection antibodies are brought together in close proximity due to the binding of an antigen
on beads [145]. Because of this extra step of signal amplification, the sensitivity of PEA assays is
better than that of ELISA or ACM by up to 100-fold, but is still limited by the binding affinity of
antibodies to their target.

Therefore the ACM is a good choice of a platform for measuring 108 proteins or more in patient
samples in discovery experiments to find potential biomarkers of TBI, which could potentially
improve the way patients are diagnosed and monitor in the clinic.
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Figure 2.7: Antibody colocalization microarray (ACM).Multiple microarray slides are printed
(A) using four custom-made silicon quill pins (B) in a pattern of 16 subarrays per slide. For
washing, blocking, antigen and streptavidin incubation steps, a gasket (C) is fitted on every slide
to physically separate the 16 subarrays. The ACM uses spring-clamping of slides (A) as well
as a precise printing head positioning adjustment method (D) that uses a measurement slide on
which test spots are printed before each spotting round. The resulting spots from microarray slides
are imaged with a fluorescence scanner and fluorescence values are extracted using ArrayPro, as
showed here for a single subarray (E). Distance between long bars in D is 100 µm. Scale bar in E
is 250 µm.
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CHAPTER 3

Evaluating mixtures of 14 hygroscopic additives

Preface

Background and objectives

With the goal in mind of being able to measure over 100 proteins in hundreds of samples using the
ACM, we first developed silicon quill pins that allowed us to print on 2D functionalized glass slides
(see appendix A). The next step was to insure reproducible printing of spots on microarray slides.
Printing buffers used in the first ACM manuscript evaporated quickly due to the double-channel
nature of the silicon quill pins, in spite of the added glycerol. The relatively fast evaporation
led to inconsistent quantities of capture antibodies bound at the surface and greatly affected the
reproducibility of printing. Our next step was therefore to optimize additives in the printing buffer
to prevent evaporation of the printing buffer, which would allow us to consistently spot hundreds
or thousands of spots required to print multiple microarrays. Since the shape of microarray spots
can greatly influence the quality of the quantitative data output, we also looked for additives that
would optimize spot size, morphology and the consistency of signal intensity.

Challenges and encountered problems

When testing the different hygroscopic additives and their combinations, we were unable to survey
all of the different hygroscopic additives available, nor the slides available, and we could not test
the additives on more than three proteins in full assays. There exists hundreds, if not thousands
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of hygroscopic compounds - no official list exists - therefore we picked ones that we considered
to be compatible with protein assays in terms of preservation of antibody structure and function,
that were easily available through vendors and fairly inexpensive. It is therefore quite conceivable
that there exists better combinations of additives for the myriad of different slide types available
commercially.

Reference

This chapter is based on an article in which I am co-first author: Sébastien Bergeron, Véronique
Laforte, Pik Shan Lo, Huiyan Li and David Juncker, "Evaluating mixtures of 14 hygroscopic
additives to improve antibody microarray performance" published in Analytical and bioanalytical
chemistry in 2015 [146], reprinted here with permission. Minor changes were made to the version
in this thesis from comments and questions from thesis reviewers.
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Abstract

Microarrays allow the miniaturization and multiplexing of biological assays while only requiring
minute amounts of samples. As a consequence of the small volumes used for spotting and the
assays, evaporation often deteriorates the quality, reproducibility of spots, and the overall assay
performance. Glycerol is commonly added to antibody microarray printing buffers to decrease
evaporation; however, it often decreases the binding of antibodies to the surface, thereby negatively
affecting assay sensitivity. Here, combinations of 14 hygroscopic chemicals were used as additives
to printing buffers for contact-printed antibody microarrays on four different surface chemistries.
The ability of the additives to suppress evaporation was quantified by measuring the residual buffer
volume in open quill pins over time. The seven best additives were then printed either individually
or as a 1:1 mixture of two additives, and the homogeneity, intensity, and reproducibility of both
the spotted protein and of a fluorescently labeled analyte in an assay were quantified. Among the
28 combinations on the four slides, many were found to outperform glycerol, and the best additive
mixtures were further evaluated by changing the ratio of the two additives. We observed that the
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optimal additive mixture was dependent on the slide chemistry, and that it was possible to increase
the binding of antibodies to the surface threefold compared to 50 % glycerol, while decreasing
whole-slide coefficient of variation to 5.9 %. For the two best slides, improvements were made for
both the limit of detection (1.6× and 5.9×, respectively) and the quantification range (1.2× and
2.1×, respectively). The additive mixtures identified here thus help improve assay reproducibility
and performance, and might be beneficial to all types of microarrays that suffer from evaporation
of the printing buffers.

Keywords: Antibody · Protein · Microarray · Low evaporation · Contact printing · Hygroscopic ·
Reproducibility

Abbreviations
1,3-But 1,3-Butanediol
2,3-But 2,3-Butanediol
Ab Antibody
ACM Antibody colocalization microarray
AF Alexa Fluor
APTES (3-Aminopropyl)triethoxysilane
cAb Capture antibody
dAb Detection antibody
DMSO Dimethyl sulfoxide
DNA Deoxyribonucleic acid
ELISA Enzyme-linked immunosorbent assay
EtGly Ethylene glycol
IgG Immunoglobulin G
LOD Limit of detection
OM Orders of magnitude
PBS Phosphate buffer saline
PBST Phosphate buffer saline with 0.1 % Tween-20
PEG Polyethylene glycol
PVA Polyvinyl alcohol

3.1 Introduction

Over the past two decades, the miniaturization of biological assays such as DNA and antibody (Ab)
microarrays has increased throughput while reducing consumption of reagents and samples. This
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allows extracting more information from microliters of precious samples using smaller amounts
of expensive reagents. Microarrays are fabricated by printing small droplets on a flat surface
using direct pin printing or inkjet printing [147]. Solutions deposited on a microarray suffer from
evaporation in the source well plate (5–20 µL) before and during dispensing, and after dispensing
due to the minuscule (< 1 nL) size of spots [148, 149]. Because inkjet printing uses a closed
nozzle, evaporation of solutions is minimized during printing, but in the case of pin-based printing
of microarrays, there is significant evaporation of solutions in the pin during the printing process
(100–400 nL depending on the printing technology used), leading to problems with the quality of
pin printed microarrays [150].

Evaporation of solutions in the pin, prior to spot printing, leads to changes in concentration of
reagents and can alter the viscosity of the solution, while evaporation following printing can lead to
inhomogeneous spot morphology in the shape of a doughnut owing to the coffee ring effect [151],
as well as many other irregularities such as egg-shape and cracking-like spots [152]. Quill pins
have microscale slits that are filled by capillary effects, which offer long printing autonomy (i.e.,
the number of spots that can be printed before refilling) and can be made out of steel, silicon, or
polymers [153, 154]. However, liquid in the open channel is in contact with air and, because of the
high surface-to-volume ratio, evaporates quickly [155]. Evaporation can be mitigated by increasing
the relative humidity in the chamber, but to prevent condensation on the slides and the instrument’s
electronics, it cannot be raised beyond 70–80 %. Cooling and sealing [156] of the source plates
that contain reagents or the surface being printed on [157, 158], or printing solutions in a droplet
of oil [159] is effective in avoiding evaporation for inkjet printing, but does not prevent evaporation
from quill pins during printing.

The addition of hygroscopic chemicals such as glycerol to the printing buffer is therefore
commonly used to reduce evaporation while improving inter- and intra-spot homogeneity [160],
but it is often used at low concentrations ranging from 1 % [161] to 20 % [162], which is too low
to completely prevent evaporation during printing. Moreover, it has been reported that glycerol
interferes with the immobilization of proteins on surfaces [163–165], which results in a proportional
reduction of the assay signal, thus affecting the performance and sensitivity of immunoassays [166].

Additives such as dimethyl sulfoxide (DMSO) [167] and betaine [168] have long been used in
the printing buffers of DNAmicroarrays. Betaine is a naturally occurring osmoprotectant [169] that
reduces evaporation (from both array and source plate), increases DNA binding to many surfaces,
and improves spot morphology [168] The typical concentration of betaine in printing buffers is 0.75
to 1.5 m, but 6.8 m would be required to eliminate evaporation at 30 ◦C and 60 % relative humidity
[168]. Betaine has also been tested in protein printing buffers because of its improvement to DNA
spotting [170], but the potential benefits in terms of protein printing reproducibility have not been
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documented to the best of our knowledge. Other hygroscopic additives such as sucrose, trehalose,
and polyethylene glycol (PEG) that are known to preserve protein activity [171], or detergents
such as Triton X-100 [172] and Tween-20 [173], which improve spot morphology, have also been
tested but at low concentrations at which evaporation is still expected. The number of hygroscopic
chemicals is large and not clearly defined. Many are organic solvents or polymers that are miscible
in water, but only a few have been tested for microarrays and even fewer for antibody microarrays.
Multiple so-called low evaporation printing buffers are available from many vendors (e.g., ArrayIt,
Corning, BioTools, Grace Bio-Labs, Schott); however, vendors rarely provide evaporation data and
printing buffers are generally optimized for only one slide surface, while the composition of buffers
are kept proprietary.

The understanding of the impact of buffer additives on Ab microarrays spot quality and re-
producibility remains limited. Yet there is a need for better printing buffer formulations that (i)
minimize evaporation during Ab microarray printing, (ii) promote Ab binding to the surface, (iii)
produce homogeneous spots, and (iv) do not decrease assay sensitivity. Here, we report the ability
of 14 hygroscopic additives to effectively limit the evaporation of printing buffers and the effect
of a number of mixtures of them on microarray printing quality and reproducibility, as well as
immunoassay performance. First, the capacity of each additive to retain water was quantified
by measuring the residual liquid in quill pins following evaporation. The seven additives that
limited evaporation to 20 % or less were selected for further optimization. Twenty-eight pairwise
combinations of these additives were used in antibody microarray assays. The signal intensity
and homogeneity of the spots on four different slide surfaces with distinct surface chemistry were
characterized. The two slides giving the highest signals and spot quality were selected, and the
relative concentration of the two best additives was varied to identify the optimal ratio. The evap-
oration of the optimal buffers in the pin and in the source plate was quantified. Finally, slides were
printed with either a standard buffer formulation containing 50 % glycerol or the optimal buffer
solutions, and sandwich immunoassays against three distinct targets conducted. The optimized
buffers lead to better printing reproducibility, as well as improved limits of detection (LOD) and
larger quantification ranges for each of the targets.

3.2 Materials and Methods

3.2.1 Materials

Alexa Fluor-532 (AF-532) goat anti-mouse IgG and AF-647 chicken anti-goat IgG antibodies were
purchased from Life Technologies (Carlsbad, CA, USA). Capture (cAb) and biotinylated detection



Chapter 3. Evaluating mixtures of 14 hygroscopic additives 44

(dAb) antibodies against FAS, IL-1β, and TFN-RII, as well as the recombinants proteins, were
obtained from R&D Systems (Minneapolis, MN, USA). The hydrogel-coated slide (Nexterion
Slide H) and Nexterion Slide E and Slide AL were produced by Schott (Mainz, Germany), and
Xenobind slides were obtained from Xenopore Corporation (Hawthorne, NJ, USA). Contact angle
measurements of slides were performed with a VCA Optima 1 goniometer (AST Products, Biller-
ica, MA, USA). Washing buffer (PBST) was composed of phosphate saline buffer (PBS, Fisher
Scientific, Waltham, MA, USA) supplemented with 0.1 % Tween-20 (Sigma-Aldrich, St. Louis,
MO, USA). Blocking buffer was made by dissolving 1 % IgG-free bovine serum albumin (BSA,
Jackson ImmunoResearch Laboratories, West Grove, PA, USA) in PBST. The hygroscopic addi-
tives were purchased from Sigma-Aldrich: polyvinyl alcohol (PVA), Tween-20, sucrose, trehalose,
PEG 1000 Da, PEG 8000 Da, DMSO, ethylene glycol, 1,3-butanediol, 2,3-butanediol, and betaine;
Fisher Scientific: Triton X-100 and glycerol; and MP Biomedicals: magnesium sulfate. Protein
Printing Buffer (PPB) was purchased from ArrayIt (Sunnyvale, CA, USA).

3.2.2 Quantification of evaporation in quill pins

Four silicon quill pins made in-house [154] were attached to a glass slide and used to simultaneously
evaluate the evaporation of four different additives in 1× PBS buffer. The tip of each pin was dipped
in a solution containing an additive supplemented with 1 % food dye and placed in a closed chamber
with 65 % relative humidity. Pictures were taken every minute for 10 to 15 min using a QX5 digital
computer microscope (Digital Blue, Atlanta, GA, USA). The level of liquid in the pin was measured
using Paint 6.1 software (Microsoft Corporation).

3.2.3 Microarray fabrication

cAbs were diluted in the different printing buffers at 100 µg/mL unless specified otherwise, and
printed with a customized Nanoplotter 2.1 microarrayer (GeSiM GmbH, Grosserkmannsdorf,
Germany) equipped with a silicon contact printing head and precision microfabricated collimator
(Parallel Synthesis, Santa Clara, CA), and a customized slide tray with individual springloaded
clamps for each slide (GeSIM). The relative humidity during printing was kept at 65 % and room
temperature. Four silicon pins were used simultaneously and arrays with a pitch of 250 µm were
produced with a contact time of 0.01 s. Sixteen identical arrays containing 6 or 16 replicate spots
of each cAb were printed on each slide. Printed slides were incubated at room temperature with
65 % relative humidity overnight to allow antibodies to bind to the surfaces. To study the effect of
evaporation in the source plate wells, microarrays were printed with an inkjet spotter (Nanoplotter
2.0, GeSIM GmbH) equipped with a single nozzle.
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3.2.4 Immunoassay protocol

Gaskets (Proplate®, Grace Bio-Labs, Bend, OR, USA) were clamped onto printed slides so as to
form 16 independent wells. Each well was filled with 80 µL of blocking buffer and the slides were
washed three times at room temperature for 5 min on a rotary shaker at 450 rotations per minute
(rpm) and subsequently blocked for 1 hwith 80 µL of blocking buffer. Wells were manually emptied
by knocking gaskets on absorbent paper. To incubate the analyte, wells were filled with 80 µL of
blocking buffer containing 0.1 µg/mL AF-532 goat anti-mouse and incubated for 2 h on a rotary
shaker at 450 rpm. Slides were washed three times with PBST, rinsed with double distilled water,
blown-dry under a stream of compressed nitrogen, and immediately scanned.

For sandwich immunoassays, cAbs were printed at five different concentrations from 25 to
400 µg/mL as multiple sub-arrays. Slides were blocked and incubated with 80 µL of blocking
buffer containing recombinant proteins in a four-fold dilution series and incubated for 2 h on a
rotary shaker at 450 rpm. Slides were washed three times with PBST, and then incubated with a
mixture of 0.1 µg/mL biotinylated dAbs for 1 h. Slides were washed three times and each well
was loaded with 80 µL of 0.33 µg/mL Cy5-conjugated streptavidin (Rockland Immunochemicals,
Gilbertsville, PA, USA) in PBS supplemented with 0.05 % Tween-20 and incubated for 30 min at
450 rpm and room temperature. After a final series of washing with PBST, slides were rinsed with
double distilled water, blown-dry under a stream of nitrogen, and immediately scanned.

3.2.5 Fluorescence scanning, data extraction, and analysis

Slides were scanned using a SureScanMicroarray Scanner fromAgilent Technologies (Santa Clara,
CA, USA). Spot morphology was analyzed using ImageJ. Mean Relative Fluorescence Unit (RFU)
and standard deviations were calculated using ArrayPro 4.5 (MediaCybernetics, Rockville, MD,
USA). The median local background of each spot was subtracted from the averaged intensity
of each spot. Technical replicates were grouped for statistical analysis, and outlier removal was
performed by removing points outside of each group’s mean±3 standard deviations usingMicrosoft
Excel (Microsoft Corporation, Redmond, WA, USA). Protein concentrations were calculated from
a nonlinear four-parameter logistic curve fit using GraphPad Prism 5 (GraphPad Software Inc, La
Jolla, CA, USA). The LOD for each protein was calculated by averaging the interpolated blank
value plus 3 standard deviations from three independent standard curves. The quantification range
was calculated by subtracting the log of the concentration which corresponds to 5 % above the lower
LOD from the log of the concentration which corresponds to 5 % below the upper LOD (highest
value). All experiments were performed in triplicate, and averages of the three experiments are
reported.
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3.3 Results

3.3.1 Minimizing evaporation

Amajor factor affecting printing consistency and autonomy is the evaporation of the printing buffers
during printing of microarrays. To reproduce the evaporation occurring during microarray printing,
in-house fabricated silicon pins were clamped on a microscope slide with tape and placed inside of
the printing chamber at 65 % relative humidity. Pins were filled with buffer by contacting the tip
with a solution, and the liquid level was recorded over time with a USB microscope (Fig. 3.1a).
The evaporation was calculated based on the change in filling position of the residual liquid over
time (Fig. 3.1b). In the first experiment, we tested the evaporation of solutions containing different
concentrations of glycerol and thus observed in real time the evaporation of PBS, PBS with 10
and 20 % (v/v) glycerol, and of a commercial protein printing buffer (ArrayIt PPB). After 10 min,
both the commercial buffer and PBS had almost completely evaporated. Glycerol slowed down
the evaporation rate in a dose-dependent manner and a relatively stable level was reached after
10–12 min in both cases (Fig. fig:1-1b). Because 50 % of the volume evaporated from the 20 %
glycerol solution, we calculated that glycerol stabilized at 40 %, slightly lower than the theoretical
equilibrium (i.e., 55.5 %) [174] at 65 % relative humidity. This difference, and the initial plateau,
can both be explained by the fact that initially the liquid is level with the pin, but as evaporation
proceeds, a meniscus is slowly formed longitudinally along the pin before the liquid starts to retreat
from the top [153]. Indeed, the difference was consistent and reproducible (variation ≤5 %), and
thus does not affect the conclusions reached from these experiments.
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Figure 3.1: Evaporation of glycerol containing printing buffers. Pins were filled with four
different printing buffers supplemented with 1 % food dye and incubated at 65 % relative humidity.
a Representative image of the pins after 15 min of incubation. Scale bar is 2 mm. b Evaporation
of water from the different printing buffers over 15 min shows that significant evaporation occurs
in all four solutions.
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Although high glycerol concentrations could entirely suppress evaporation, it was observed that
40 % glycerol diminishes the binding of antibodies to the surface of the widely used aldehyde-
activated APTES silanized slides by 40 % [164]. To overcome the limitations of glycerol which
negatively affect assay sensitivity, we selected 13 other hygroscopic chemicals based on potential
compatibility with immunoassays: Triton X-100, PVA 9000 Da, Tween-20, sucrose, trehalose,
PEG 1000 Da (PEG1000), PEG 8000 Da (PEG8000), DMSO, ethylene glycol (EtGly), 1,3-butanediol
(1,3-But), 2, 3-butanediol (2,3-But), betaine, and magnesium sulfate (Table 3.1). Chemicals were
selected not only for their potential hygroscopicity but also their known compatibility with protein
assays, as well as cost and availability. Therefore, each of these chemicals was first evaluated for its
ability to limit evaporation. The concentration of each additive was selected based on its solubility
in PBS buffer as well as presumed compatibility with immunoassays. In this experiment, betaine
was tested at a much higher concentration than previously used, and to our knowledge it is the
first time that 1,3-But, 2,3-But, and magnesium sulfate were used in printing microarrays. We
found seven additives that efficiently limited evaporation to 20 % or less, at 25 ◦C and 65 % relative
humidity: PEG1000, DMSO, EtGly, glycerol, 1,3-But, 2,3-But at concentrations of 50 % v/v and 4 m
betaine (Fig. 3.2). The concentration of additives tested was not increased further once evaporation
was efficiently limited, in order to minimize potential interference with protein immobilization and
activity. On the other hand, we wanted to evaluate whether combinations of additives might be
more beneficial than using a single one. To first test the effect of additive mixtures on evaporation,
we mixed glycerol, DMSO, and EtGly in pairwise combinations of equal ratios, and found that
mixtures of additives limited evaporation to the same degree as single additives (see Electronic
Supplementary Material (ESM) Fig. C.S1).

3.3.2 Spot quality and immunoassay performance

After determining which additives effectively limit the evaporation of printing buffers, their effect
on spot quality, antibody binding, and activity were studied for the individual additives, as well as
their pairwise combinations (adding to a total of 28 conditions) on four slides with different surface
chemistries. These slides include Schott Nexterion Slide E and Slide AL which are glass slides
coated with silanes that have epoxy and aldehyde end groups and have contact angles of 52.5° and
46.8°, respectively. Xenopore’s Xenobind slide is coated with a proprietary reactive aldehyde end
group and has a contact angle of 61.2°. Schott Nexterion Slide H is coated with a thin polymer
film with activated N-hydroxysuccinimide (NHS) groups and has a contact angle of 51.9°. Abs are
covalently immobilized on all four slides by reaction of free amine groups on antibodies, either on
the slide surface or inside of the hydrogel on Slide H.
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Table 3.1: List of 14 hygroscopic additives tested for minimizing evaporation

Additive Name Solubility
(g/100 g H20)
at 20 ◦C

Maximum
concentration
used

Chemical Structure and Formula Vapor
Pressure
(mmHg)

First used in protein
microarray

Triton X-100 Miscible 0.17 m
(10 % v/v)

OO

nH

(C2H4O)nC14H22O
n~9

< 1.0 Tamaru et al. 2005 [175]

Poly(vinyl alcohol) 9-10 kDa,
80% hydrolyzed (PVA)

100 0.011 m
(10 % w/v)

OH

n

(C2H4O)n

n~204-227 Negl.
[176]

Wu and Grainger 2006
[173]

Polysorbate 20 / Tween-20 Miscible 0.18 m
(20 % v/v)

O

O

O

O

HO

HO

HO O

O

O

4

w

x

y z

C58H114O26

< 1.0 Xu et al. 2007 [177]

Sucrose 200 [178] 0.88 m
(30 % w/v)

O

OH
HO

HO

HO

OH

O

OH

OH

O

HO

C12H22O11

Negl. Avseenko et al. 2001
[179]

Trehalose 68.9 0.88 m
(30 % w/v)

O

HO

HO

HO

OH

O

OH

O

OH

OH

HO

C12H22O11

Negl. Moerman et al. 2001
[180]

Polyethylene glycol 1000 Da
(PEG1000)

80 0.5 m
(50 % w/v)

O

HO Hn

C2nH4n+2On+1

n~22 < 0.01 Lee and Kim 2002 [171]a
Wu and Grainger 2006
[173]b

Polyethylene glycol 8000 Da
(PEG8000)

63 0.04 m
(30 % w/v)

O

HO Hn

C2nH4n+2On+1

n~181 < 0.01 Wu and Grainger 2006
[173]c

Dimethyl sulfoxide
(DMSO)

Miscible 7.0 m
(50 % v/v) S

OC2H6OS
0.42 Xu et al. 2007 [177]

Ethylene glycol (EtGly) Miscible 9.0 m
(50 % v/v)

HO

OH

C2H6O2

0.10 Moerman et al. 1999
[181]

1,3-butanediol (1,3-But) Miscible 5.6 m
(50 % v/v)

OH

OH

C4H10O2

0.06

2,3-butanediol (2,3-But) Miscible 5.5 m
(50 % v/v)

OH

OH

C4H10O2

0.17

Betaine > 59 4.0 m
(47 % w/v)

O

N+

O-

C5H11NO2

Negl. Preininger et al. 2005
[170]

Magnesium sulfate 35.7 [182] 1.4 m
(35.7 % w/v)

O

O

S O-

Mg2+

O-

MgSO4

Negl.

Glycerol Miscible 6.8 m
(50 % v/v)

OH

OHHO

C3H8O3 0.008 MacBeath and Schreiber
2000 [183]

Physical properties were obtained from the literature as cited, or from the manufacturer
Negl negligible
aPEG 200
b750 and 2000 were used
cPEG 6000 was used
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Figure 3.2: Evaporation of buffers containing different additives. Percentage length of liquid
remaining in a pin after 10 min for different concentrations of various additives. The concentrations
are expressed in percentage for all additives except betaine (molarity) and magnesium sulfate (level
of saturation). Six additives limit evaporation to less than 20 %, namely PEG1000, DMSO, EtGly,
glycerol, 1,3-But, 2,3-But at a concentration of 50 % v/v, and betaine at 4 m.

Anti-goat IgG-AF647 was mixed at a concentration of 100 µg/mL in each of the 28 printing
buffers. To evaluate the overall binding signal, arrays were incubated with goat IgG-AF532 as the
analyte, and the fluorescence intensities quantified for the cAbs (immobilization signal) as well as
the analyte (binding signal). The binding activity of the cAbs was calculated by dividing the binding
signal by the immobilization signal. For comparison, we report the ratio of the signal intensities
for the cAb immobilization (ESM Fig. C.S2), binding activity (ESM Fig. C.S3), and the binding
signals (Fig. 3.3a–d) compared to that of 50 % glycerol on Xenobind because this additive is the
most widely used in printing antibody microarrays. The most important performance metric is the
capacity of each spot to bind its analyte, which constitutes the assay endpoint and only parameter
being measured in practice.

The binding signal intensity was generally highest on Slide H, and was lower but homogeneous
and consistent on Xenobind, while it was variable on Slide E and Slide AL (Fig. 3.3a–d). Immobi-
lization signals on Xenobind and Slide Hwere again much higher than on Slide E and Slide AL. cAb
binding activity was stable across all additives, suggesting that none of the additives denatured the
cAbs significantly during the immobilization step. Hence, the density of immobilized antibodies on
a surface was directly correlated to the binding signal, which was highest on Slide H and Xenobind.
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Figure 3.3: Binding signal intensities of immunoassays on four different slides for 28 different
printing buffer additive combinations. Signal intensities of labeled analyte (0.1 µg/mL goat IgG-
AF532) captured by anti-goat IgG on aXenobind; b Slide H; c Slide E; and d Slide AL, and printed
in different combinations of a total of 50 % v/v of additives in equal proportions (or 2 or 4 m betaine).
Signals are reported relative to the signal obtained by printing with 50 % glycerol on Xenobind
(arrow). Dashed outlines indicate signal values ≥ 1.5. Hatched boxes represent unquantifiable
data owing to poor spot morphology or spots merging. Light blue dashed outlines on two boxes
in a and b indicate the two mixtures of additives and slides that were found to be optimal on those
surfaces in terms of spot morphology and binding signal intensity. Intensity profile across two
spots, as shown for three different additives mixtures on e Xenobind and f Slide H. Scale bars are
100 µm.
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Spot morphology (see ESM Fig. C.S4) can also affect the microarray performance and should
be compatible with common automated data extraction algorithms. Poor spot morphology in-
creases spot-to-spot and experiment-to-experiment variability [148, 172, 184]. We evaluated spot
morphology by plotting the intensity profile of a cross-section of two spots (Fig. 3.3e, f and ESM
Table C.S1) for all additive mixtures that yielded a binding signal greater than or equal to 1.5
times that of 50 % glycerol on Xenobind (thick dashed boxes on Fig. 3.3a–d). Spot morphology
depended both on the additives and on the slide surface. All additives mixtures yielded spots with
good morphology on Xenobind and Slide H, but not on Slide E and Slide AL. Whereas Slide E
yielded spots with the highest fluorescence signals, the variability was greater, and the morphology
was often egg-shaped resulting in inaccurate quantification data extraction software. Likewise,
Slide AL produced high binding signals, but overall poor spot morphology. For these reasons,
these two slide types were not considered further.

The morphology and intensity profile of the spots on Slide H and Xenobind shown in Fig.
3.3e, f were excellent with sharp edges and a constant intensity within spots (ESM Table C.S1).
Three additives mixtures yielded excellent spot morphology and high binding signal on both
Xenobind (betaine/EtGly, betaine/1,3-But and betaine/2,3-But) and Slide H (DMSO, EtGly, and
DMSO/EtGly).

3.3.3 pH of additives mixtures

All the slides tested react with free amine groups that mediate antibody immobilization on the
surface. Because amine groups are more likely to be deprotonated at high pH, and thus potentially
more reactive, we tested the effect of printing buffer pH on immunoassay performance. The pI of
antibodies varies from 6 to 9 [185], and we therefore prepared the six selected additives mixtures
in PBS (pH 7.4) and carbonate buffers (pH 9.8). The pH of the resulting printing buffer solutions
is listed in Table C.S2 in the ESM. An immunoassay was performed with the same antibodies as
described earlier and printed in the three mixtures of additives found to have good performance as
well as 50 % glycerol, and the immobilization and binding signals were measured. On Xenobind,
there was no difference in either signals when antibodies were printed in PBS or carbonate buffers;
however, on slide H, both the immobilization and binding signals were significantly decreased
with carbonate buffer (ESM Fig. C.S5). Liu et al. have also reported weaker signals when using
carbonate buffer on aldehyde-activated APTES slides [164]. For the slides and additives mixtures
tested here, we conclude that binding of antibodies to the surface is not improved by increasing the
printing buffer pH.
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3.3.4 Optimization of the concentration of additives

In the experiments described above, the additives were mixed in equal ratio. The ratio of the
best pair of additives identified (2,3-But/betaine for Xenobind and EtGly/DMSO for Slide H) was
systematically varied to test whether the immobilization and binding signals might be further
improved (Fig. 3.3). After confirming that the mixtures in different ratios still limit evaporation
to below 20 % at 65 % relative humidity, we used them as printing buffers in an immunoassay as
described previously, and we quantified both immobilization and binding signals. On Xenobind,
the analyte binding signal increased slightly with higher concentration of 2,3-But (ESM Fig.
C.S6a), and a number of combinations resulted in comparable immobilization and binding signal
intensities (45 %/1 m, 45 %/1.5 m, and 35 %/1.5 m 2,3-But/betaine compared to 25 % 2,3-But/2 m
betaine); however, spot morphology was deteriorated (ESM Fig. C.S6b). Therefore, 25 % 2,3-
But/2 m betaine was retained as optimal additive mixture. On Slide H, a concomitant decrease
of DMSO and increase in EtGly concentrations slightly increased the binding signal intensity
(ESM Fig. C.S6c). Whereas 50 % EtGly yielded the highest binding signal along with good spot
morphology on Slide H, spots dried out during long incubations, and therefore 15 % DMSO/35 %
EtGly was selected.

3.3.5 Printing autonomy and consistency

Printing autonomy is the number of spots that can be printed following a single dip of the pin in a
source well, and consistency refers to the variation in amount of antibodies delivered at each spot.
Both can readily be assessed by measuring the fluorescence signal of spots printed consecutively.
We expect that as a result of adding the additives that reduce evaporation a larger number of spots
can be printed while maintaining a constant signal intensity. One thousand one hundred fifty-
two spots were printed per single pin and a single pin loading of 20 µg/mL fluorescently labeled
cAb using the two optimal buffers, and with three buffers with 10, 20, and 50 % v/v of glycerol,
respectively, for comparison. A barcode at the bottom of Slide H gives a reduced printing area, and
therefore only 1008 spots were printed. A lower concentration of cAb was used to avoid saturating
the surface following evaporation and concentration of the reagents and antibodies in the buffer.
To circumvent the possible evaporation in the source plate wells, printing was started immediately
after depositing the solution in the source well plate. A full immunoassay was performed as in
previous experiments.

The binding signal intensity of spots printed with 10, 20, and 50 % glycerol in PBS on Xenobind
are shown in Fig. 3.4a. Evaporation of the printing buffers containing 10 and 20 % glycerol initially
leads to significant increase in the amount of cAb immobilized on the surface and the analyte binding
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signal as a result of concentration of the cAbs, followed by a slow decline in signal presumably due
an increased concentration of glycerol resulting in a change in viscosity, a decrease in the delivered
volume per spot, and decreased binding of cAbs on the surface. Spots printed with 50 % glycerol
lead to good consistency, but overall low signal intensities compared to that of spots printed in 10
and 20 % glycerol.
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Figure 3.4: Printing consistency of optimized buffers. Binding signal intensities of 1152 spots
where cAbs were consecutively printed in buffers containing a 10, 20, 50 % glycerol on Xenobind;
b 25 % 2,3-But/2 m betaine on Xenobind; and c 35 % EtGly/15 % DMSO on Slide H. Each whole
slidewas printed in 45 min. Because of the bar code at the bottom of SlideH, only 1008 consecutive
spots were printed. The arrow represents the spot number where two of the four pins were emptied
of printing solution while printing with 25 % 2,3-But/2 m betaine on Xenobind, with the other two
pins emptying shortly thereafter.

The binding signal intensity of spots printed with 25 % 2,3-But/2 m betaine on Xenobind slides
is higher for the first spots than with all different concentrations of glycerol, and remains stable
for about 864 spots, after which it falls off (Fig. 3.4b). These results indicate that this buffer
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effectively prevents evaporation of the printing buffer, however owing to a different viscosity and
surface tension, the volume deposited at each spot is higher, explaining why pins are drained more
quickly. Spots printed with 35 % EtGly/15 % DMSO on Slide H also yield a high binding signal
that is constant, while supporting in excess of the 1008 spots printed in this experiment (Fig. 3.4c).
The higher printing autonomy is consistent with the smaller diameter, and volume, of solution
deposited on this slide (see Fig. 3.3f).

The mean residual error is a measure of reproducibility and was calculated by taking the average
of the difference between each spot binding signal and the mean binding signal of all spots. When
printing with 10, 20, and 50 % glycerol on Xenobind, this mean residual error was 47.3, 13.7, and
13.3 %, respectively. On the other hand when printing with 25 % 2,3-But/2 m betaine on Xenobind
or 35 % EtGly/15 % DMSO on Slide H, it was decreased to 5.9 % on both slides. These results
demonstrate the benefit of using the optimized buffers on printing reproducibility while improving
the signal intensity.

Printing buffers are stored in source well plates during printing, which can last for extended
periods of time. Because of the low dead volume of quill pins, 6 µL of solution is largely sufficient
for printing; however, such small volume may rapidly evaporate before it is used for printing.
To evaluate the benefit of additives on the evaporation from the source well plate, printing of
fluorescently labeled cAb was conducted at 2 h intervals over a period of 6 h while loading the
pin from the same well, and proceeding with an immunoassay as previously performed. This
experiment was not performed with a pin contact printer, but with an inkjet printer that uses a
nozzle, which is closed and only open to the air at the tip, thus effectively eliminating evaporation
while printing. Changes in signal intensities can therefore be ascribed to evaporation of printing
buffers in the source well plate. Printing buffers with 10 and 20 % glycerol as well as 25 % 2,3-
But/2 m betaine were used (ESM Fig. C.S7) on Xenobind. As expected, the printing buffers with
low glycerol concentrations resulted in an increase in signal intensity over time that are consistent
with evaporation, roughly tripling and doubling for 10 and 20 % glycerol, respectively. The binding
signal obtained when using 25 % 2,3-But/2 m betaine was the highest as a result of increased
immobilization of cAbs to the surface, and the mean of all spots within a slide varied only by
4.2 % between slides. This experiment also served to confirm the compatibility of the additives
and buffers with inkjet printing. Indeed, the printing buffer containing 2,3-But and betaine has
recently been used with inkjet printing in producing high-quality microarrays for SENSIA [186], a
microarray platform for immunoassays that does not require the use of a fluorescent scanner.
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3.3.6 Sandwich immunoassay binding curves

To further test the effect of the optimal additives, full sandwich immunoassays against FAS, IL-1β,
and TFN-RII were carried out. The assays were performed in a multiplexed format, but unlike
our recent work on the antibody colocalization microarray (ACM) [17], all dAbs were mixed in a
solution prior to application to the microarray to avoid confounding effects from the evaporation
of the dAb printing buffer used in ACM; we had established in previous experiments that these
dAbs do not cross-react when applied in a mixed solution [17]. cAbs were printed at five different
concentrations from 25 to 400 µg/mL on Xenobind and Slide H using the optimal buffer for each
slide. We also printed cAbs in 50 % glycerol buffer on Xenobind only as a comparison because
this buffer is not compatible with Slide H. After printing, each slide was incubated with a mixture
of recombinant antigens in a series dilution, followed by the mixture of dAbs. Standard curves for
each antigen and printing buffers were fitted (Fig. 3.5), and the LOD and quantification range were
calculated for each curve.
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Figure 3.5: Three-plex sandwich immunoassays with optimized buffers on Xenobind and
Slide H.Microarrays were prepared by printing cAbs against FAS, IL-1β, and TNF-RII at different
concentrations on a–c Xenobind and d–f slide H using the optimized buffers, and compared to
50 % glycerol on Xenobind.

The quantification range of the binding curves was higher using the optimized buffers with
the selected additives, and the signal increased markedly with increasing concentrations of the
cAbs for both buffers, up to the highest concentration. Interestingly, cAbs printed on Xenobind
at 25 µg/mL in 25 % 2,3-But/2 m betaine gave a similar signal than when printed at 400 µg/mL
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with 50 % glycerol in PBS, suggesting that glycerol partially inhibits the binding of antibody on
this surface. The LOD for all three analytes was improved from 1.6- to 5.9-fold (Table 3.2), while
the LOD on Slide H was the lowest, possibly as a result of the 3D nature of the hydrogel surface,
and consistent with prior studies [187, 188]. However, further studies using samples with complex
matrices such as cell extracts or serum are needed to confirm the benefits of this surface in practice.
These results demonstrate that the optimized printing buffers on Xenobind and Slide H improve the
assay performance.

Table 3.2: Summary of printing buffer performance. Performance of the optimized printing
buffers compared to that of various concentrations of glycerol in PBS in terms of mean residual
error, lower limit of detection, and quantification range for three different protein standard curves.

Slide Printing buffer Mean residual error Analyte Lower
LOD
(ng/mL)

Quantification
range
(log)

Xenobind 10 % glycerol 47.3 % N/A
20 % glycerol 13.7 %
50 % glycerol 13.3 % FAS 7.0 1.39

IL-1β 1.0 0.90
TNF-RII 1.2 1.50

25 % 2,3-But/2 m betaine 5.9 %a FAS 2.7 1.73
IL-1β 0.7 1.09
TNF-RII 0.6 2.04

Slide H 35 % EtGly/15 % DMSO 5.9 FAS 1.4 2.04
IL-1β 0.3 1.92
TNF-RII 0.2 2.29

aMean residual error calculated on the first 864 consecutive points after which
the pins were empty of printing solution.

3.4 Discussion

We tested 14 hygroscopic chemicals as buffer additives for antibody spotting at 65 % relative
humidity and tested 28 pairwise combinations of the seven most promising additives on four
different slide surfaces. Using spot morphology and immunoassay binding signal as criteria,
we identified 25 % 2,3-But/2 m betaine in PBS for use with Xenobind slides and 35 % EtGly/15 %
DMSO in PBS for use with Nexterion Slide H. Nexterion Slide E and Slide ALwere found to lead to
inconsistent spot morphologies with many additives. The two optimized buffers led to a significant
improvement in printing reproducibility, while also improving sandwich immunoassay sensitivity
and quantification range. The increase in sensitivity of these two printing buffers compared to 50 %
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glycerol might be due to their lower viscosity, thereby allowing more proteins to properly come in
contact with the surface to bind during the limited incubation time. In addition, by using buffer
additives, the spot morphology and printing consistency of pin contact-printed microarrays is as
good, if not better, than that obtained by inkjet printing [147]. Whereas some prior studies found
that overall binding activity tailed off for higher density of cAb immobilization due to crowding on
the surface [189], even at the highest concentration of 400 µg/mL of cAb in the printing solution,
no such effects were observed here. Overall, Slide H gave the best LOD and quantification range
while yielding smaller spots; however, these advantages are counterbalanced by a high cost, need
for storage at −20 ◦C with desiccant, and sensitivity to humidity which may reduce performance on
long spotting runs. The choice of slide should be made in consideration of the particular application
and circumstances.

There are additional hygroscopic chemicals that might be beneficial to antibody printing, as
well as different slides with various surface chemistries. Considering that antibody binding was
observed subsequent to spotting with all seven hygroscopic chemicals tested at a concentration of
50 % in buffer, expanding the range of chemicals, and increasing the concentration of additives,
might improve assay performance further. Several of the chemicals that were tested initially but
not studied in more depth because the lack of hygroscopic activity, as well as any other chemical
with beneficial properties, could be tested in combination with the hygroscopic additives identified
here. Such chemicals could include ones beneficial to microarray spot morphology such as sucrose
[190] and PVA [173], or ones known to protect antibodies against freezing or dehydration such as
trehalose [191] or sorbitol [185].

Here, only a small set of additives was tested, and only in pairwise combinations, which greatly
improved printing reproducibility. We expect that assay sensitivity may be improved further by
testing mixtures of three additives and by varying simultaneously other assay parameters. Provided
that the working ranges for all additives are defined, large number of parameters could be evaluated
simultaneously using design of experiment approaches such has the Taguchi method which we
previously adopted for the optimization of antibody microarrays [192].

For assay platforms such as the ACM, it will also be necessary to optimize the buffer and
additives for printing the dAbs atop of the cAb. Following dAb printing, binding of dAb to the
captured antigen must be ensured, and hence additives may not interfere with antigen recognition
and binding. At the same time, evaporation must be minimized as well. Thus, a new set of
experiments is needed to identify the optimal buffer formulation for colocalized spotting of dAbs.
Overall, this study shows that printing buffer formulations need to be optimized and tailored for a
specific slide surface chemistry, although preliminary results show that 25 % 2,3-But/2 m betaine
seems to perform very well on a number of other slide such as PolyAn 2D and 3D Epoxy, as
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well as 2D Aldehyde slides. It was also found that many different chemicals, mixed at very high
concentrations, are suitable as additives for printing antibodies without significant loss of antibody
binding and activity during subsequent assays; the results suggest that a large number of other
chemicals previously not tested for immunoassays may in fact be beneficial.

In this study, we used a pin printer to test mixtures of additives to the printing buffer because
it is more sensitive to evaporation of solutions than an inkjet printer. We confirmed that the best
mixtures of additives to the printing buffer are compatible with both pin and inkjet printers. In
the future, we hope that additives will be used to improve assay performance and reproducibility
of not only antibody microarrays but also DNA microarrays and microarrays used in MALDI,
where evaporation of spots has recently been identified as a challenge when incubating enzymes
for digestion of proteins on spots [193].
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CHAPTER 4

Improving ACM reproducibility with calibration

Preface

Background and objectives

Having optimized printing buffers to print spots with high reproducibility and sensitivity, the
resulting performance for small-scale (4-8 slides) experiments was very good. We noticed that for
mid-scale and large-scale experiments, reproducibility degraded, and therefore the next step was to
address sources of variability which seemed to increase in importance with the number of slides
and samples being measured in experiments.

Reproducibility issues of the ACM platform in large-scale experiments was preventing us from
performing experiments with precious, low-volume clinical samples already collected. Without a
way to reduce variability within large-scale experiments down to an acceptable level, we simply
could not use the ACM to measure more than a hundred proteins in hundreds of samples as we
did in this chapter and chapters 5 and 6. We had to 1) optimize assay steps which contributed
to variability, 2) identify a proper calibrant using a well-defined set of criteria, 3) identify the
mathematical relationship between the calibrant and assay signals, since we knew it was not a
linear relationship, and 4) implement a way to calibrate data in large-scale experiments, which
turned out to be a lot more complex than initially thought.
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Challenges and encountered problems

We first attempted to implement normalization/calibration methods using a fluorescently-labeled
spiked antibody added to capture antibodies, but quickly realized that there were several problems:
1) the presence of the calibrant led to significantly more protein being quantified due to cross-
reactivity and 2) our method of calibrating by simply dividing fluorescence values did not reliably
lead to a better reproducibility, suggesting that the relationship between calibrant and assay signal
was not linear.

The timing of the optimizations experiments was critical. Our library of antibodies and antigens
was getting less and less fresh by the day while awaiting to be used in large-scale experiments.
Unfortunately we ran into quality problems with the PolyAn 2D Aldehyde slides, and we had no
choice but to await new batches of slides from the manufacturer. This led to some of the standard
curves having sub-optimal performance in this chapter and chapters 5 and 6, leading to some
samples’ proteins being left unquantified because their signal intensity was greater than the top
plateau of their standard curves.

One major hurdle that I faced was the requirement for a completely new analysis of all the data.
All previous analysis was performed using Microsoft Excel and GraphPad Prism, which requires
the manual input of data and was sufficient for analyzing experiments measuring a few proteins
and a few samples, without calibration. However the analysis of large-scale experiments measuring
more than a hundred proteins and hundreds of samples combined with the data calibration which
required to calculate 20-50 times more standard curves simply required a more automated, efficient
way to analyze data. After much deliberation, I chose to convert the whole analysis pipeline to
R, an open-source language for which many libraries used in bioinformatics are available. Many
months were spent writing complex code, and debugging a large amount of code was no small feat.
Final scripts of code took days to run.

The resulting calibration algorithm presented in this chapter was performant enough to improve
reproducibility of results, however improvements could have been made as described in the chap-
ter. These improvements were not implemented because it would have taken months of writing
additional code and testing, with the ever present risk of introducing bugs in the code. There was
simply no time for further improvements.

Reference

This chapter was written with the intention to submit to the journal Analytical Chemistry in the
near future.
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Abstract

The antibody colocalization microarray (ACM) is a cross-reactivity free antibody microarray that
can measure over 100 proteins simultaneously in 16 samples probed in 16 subarrays per slide,
while requiring two printing rounds. The reproducibility of antibody microarrays constitutes a
weakness of microarrays relative to single protein assays, and is further exacerbated in the ACM
which requires slow printing with silicon quill pins. Here, we investigate local and systemic sources
of variability in the ACM and propose an improved experimental workflow and a new calibration
method to improve reproducibility. First, trehalose is introduced as a protective agent which was
found to minimize antibody degradation seen during long periods of time in the assay where spots
are left to dry. Degradation was improved by > 70 % but coating with trehalose led to greater local
variability of technical replicates spots due to the presence of trehalose microcrystals. Therefore
printing high-variability antibodies first is suggested to mitigate this variability due to the degrada-
tion of molecules in the dry state. Next, to compensate for local and systemic sources of variation
such as slide surface variability, fluorescence degradation and time before spotting, we introduce
the use of multiple calibrant molecules printed alongside or with capture antibodies (cAbs). We
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compared goat anti-rabbit antibody conjugated to Alexa Fluor 555 (GAR-AF555) bovine-serum al-
bumin conjugated to Alexa Fluor 555 (BSA-AF555), BSA-AF647 and AF555-hydrazide and found
that BSA-AF555 most accurately reflected local variation in the quantity of cAbs on the surface
when printed in low concentration with every cAb. We also chose to print biotinylated GAR anti-
body spiked with BSA-AF555 to compensate for systemic variations in streptavidin incubation and
fluorophore degradation, as this molecule closely resembles the detection antibodies (dAbs) used
in the assay. The mathematical relationship between BSA-AF555 and assay signals was found to be
linear following log transformation of both fluorescence signals, with a slope that requires experi-
mental estimation and an intercept that is related to antigen concentration. We compared methods
for estimating calibration slopes within each experiment, and propose simple experimental layout
rules that allow data calibration and verification of reproducibility improvement. Following ACM
protocol optimization, the median reproducibility of two large-scale (36 and 48 slides) experiments
measuring 103 proteins was improved by an average of 25 %. While the methods proposed here
help improve the ACM reproducibility, they can be applied to other protein or antibody microarrays
as calibrants are printed during the cAb printing step, and thereby improve the reproducibility of
large-scale research and clinical studies.

Keywords: antibody colocalization microarray · trehalose · fluorophores · calibration · normaliza-
tion · reproducibility
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Abbreviations

Ab Antibody
ACM Antibody colocalization microarray
AF Alexa Fluor
Ag Antigen
Alg Algorithm
Ang1 Angiopoietin 1
AR Accuracy range
BSA Bovine serum albumin
cAb Capture antibody
CSE Calibration slope estimation
CV Coefficient of variation (%)
dAb Detection antibody
ELISA Enzyme-linked immunosorbent assay
Eq Equation
GAM Goat anti-mouse
GAR Goat anti-rabbit
GAR-b Goat anti-rabbit biotin-XX
h-AF555 Alexa Fluor 555 hydrazide
HGF-R Hepatic growth factor receptor
IgG Immunoglobulin G
LOD Limit of detection
MCP4 Monocyte chemoattractant protein 4
MSA Multiplexed sandwich assay
pnCSF Pooled normal cerebrospinal fluid
pnPlasma Pooled normal EDTA plasma
pnSerum Pooled normal serum
PPD Per-protein dilution
OM Order of magnitude
PBS Phosphate-buffered saline
PBST Phosphate-buffered saline with 0.1 % Tween-20
QR Quantification range
RH Relative humidity
SC Standard curve
SI Supplementary information
Strept Streptavidin
VEGFR2 Vascular endothelial growth factor receptor 2
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4.1 Introduction

Antibody microarrays are used in research to measure dozens of proteins in small volumes of
precious samples, thereby gaining more knowledge than the "gold standard" single-protein enzyme-
linked immunosorbent assay (ELISA) [138] for the same amount of sample. They have the potential
to get a broad view on the health status of patients by measuring hundreds to thousands of proteins,
and to arrive at accurate clinical conclusions by analyzing hundreds to thousands of patients
within single experiments. Reproducibility of their measurements is critical in arriving at accurate
conclusions about clinical questions. Compared to ELISA, conventional antibody microarrays
suffer from cross-reactivity of reagents due to mixing of detection antibodies (dAbs) which can
lead to false positive measurements [17], and greater variability due to the complexity of assays.
Reproducibility issues with antibody microarrays is well known as a factor that limits the adoption
of the technology in academia, and the poor translation of findings into FDA-approved clinical
biomarkers [150, 194–197].

Very few studies using antibody microarrays report reproducibility within their assays, since
most of them do not use replicate samples from which reproducibility can be calculated. When
reported, reproducibility values are often calculated using separate experiments with very small
samples size (11 to 40 samples reported) [198–201], which may not reflect reproducibility seen
in large-scale experiments with hundreds of samples. Many commercial antibody microarray
platforms exist, such as the Quantibody® from RayBio Tech, for which the company claims assay
coefficients of variation of <20 %. Abnova claims coefficients of variation of 5-10 % for their
antibody microarrays, but no experimental details are provided for how this reproducibility was
measured. In spite of the effort put forth in providing a "Minimum Information about a Microarray"
(MIAME) [202] guideline which includes the use of replicate (reference) samples and where they
are located within the experimental layout, users of commercial arrays often do not report measured
reproducibility in their experiment. To the best of our knowledge, we know of a single study that
quantified the variability of measurements across multiple sites in a protein microarray platform
that measures IgE in samples. The authors found an average intra-site reproducibility of 17.3 %,
however the experiments performed included only 11 samples [201]. Using the same microarray
platform, a greater coefficient of variation of 22.9 % was measured with 29 human serum samples,
indicating that variability increases with the number of samples measured [203]. We also found that
reproducibility was deteriorated in large-scale experiments measuring several hundreds of samples
compared to small-scale experiments measuring 60 to 70 samples, preventing us from publishing
data from these large-scale experiments because of the unreliability of protein measurements
obtained.

The antibody colocalization microarray (ACM) avoids cross-reactivity and therefore gives
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more accurate data by physically separating dAbs with a second round of printing on top of the
corresponding capture antibodies (cAbs), however the addition of a second round of printing
introduces another source of variability to the assay [17]. This is exacerbated by the fact that the
ACM prints spots using silicon quill pins, which allows for the great positional accuracy required
to precisely print dAbs on top of cAbs, but is a slow process. The SnapChip™ was developed
to circumvent the need for a microarrayer during the assay by pre-printing cAbs and dAbs on
separate microarray slides and bringing them in contact during the assay in order to transfer dAbs
on top of cAbs [141–143]. This method significantly reduces assay time and variability associated
with slides waiting for dAb spots to be printed, however the density of spots is 75 % less than
that achieved with the ACM due to slight misalignments when the cAb and dAb microarrays are
brought together. Since all other steps (cAb printing, washing, reagent loadings, scanning) are the
same as the ACM, variability that stems from these steps is similar as for the ACM. Printing time
using silicon quill pins is proportional to the number of slides printed and can last up to 36 h in
the case of a large-scale experiment using our setup (48 slides, 16 subarrays per slide, four quill
pins). Accordingly, reproducibility of ACM assays worsens with increasing number of slides with
the result that the precision of protein measurement is not usable in large-scale experiments.

Assay optimization is necessary to improve reproducibility [195], however in many cases it
is not sufficient to lower variability to an acceptable level, and therefore calibration (also called
normalization) has been used to further address local and systemic sources of variability. Tradi-
tionally, calibrants are samples containing a mixture of antigens (Ags) at known concentrations,
diluted serially, and whose resulting fluorescence intensity is used as a standard curve to derive
protein concentrations in samples by interpolation. These calibrants can also be called standards,
and serve to translate spots fluorescence intensity into a protein concentration or quantity in any
given sample. However, calibrants can also be molecules added to assays, whose fluorescence
signal intensity varies in response to a given source of variability, and can be used to decrease
the source of variability’s effect on the assay signal fluorescence. In this manuscript, we use this
definition of calibrant.

Four main methods of calibration or normalization have been used in the past. Spiking a
calibrant with cAbs, or probing cAbs before or after the assay have been used to address local
sources of variability which stems from the microarray slide surface coating. Other methods such
as spiking a calibrant in samples, printing a positive control within microarray slides or subarrays
and statistically normalizing data after the assay without the help of calibrants aim to address
sytemic sources of variability due to biases introduced during assay protocols, where spatial bias
or serialized steps introduce variability. Because of the well-known variability in the amount
of molecules bound at the surface of microarray slides [204, 205], molecules such as antibodies
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against GST [206], or molecular tags such as PolyHis [207] combined with GST or PolyHis-tagged
proteins were spiked in samples. The calibrant signals were used in a simple division with the
assay signal (GST) or qualitatively to confirm the presence of spots at the surface (PolyHis). As
a pre- or post-assay step to determine the amount of cAb bound to the surface, groups have used
universal antibodies [208] (post-assay) or IRIS, a label-free platform that calculates the quantity of
cAbs within spots [166] (pre-assay). Several groups have spiked green fluorescent protein (GFP)
in samples and standards [17, 209, 210], or cholera toxin subunit B [211]. To assess systemic
variability and calibrate for variability in sample dilution, immunoglobulins were measured either
on-chip or using ELISA [212], which requires an extra assay. Positive controls were added to arrays
[213–215] and their signals were used to calculate a factor for every slide or subarray, by which all
assay signals were multiplied. Finally to address systemic bias, a linear form of variability, purely
statistical approaches to calibration were performed by measuring each slide’s overall variability
[216–218]. All these methods aim to address a single source of variability (local or systemic),
whether it is the local amount of molecule bound to the surface, the variability in sample dilution, or
systemic variability or bias due to serialized assay steps and spatial bias. Cross-reactivity between
molecules used as calibrants and other molecules present in these assays were not investigated, nor
was the effect of the sample matrix when spiking calibrants in samples.

Steps towards improving ACM assay reproducibility were taken by designing robust silicon
quill pins that consistently deliver liquid at the slide surface [154], and by adding hygroscopic
chemicals to the cAb printing buffer, avoiding its evaporation and thereby delivering a constant
quantity of cAbs at the slide surface and improving spotting reproducibility [146]. However, the
dAb printing buffer used up to now (20 % glycerol) has been shown to evaporate, and therefore a
new dAb printing buffer is needed. Moreover, incubation times required for cAbs and dAbs to be
maximally bound to the surface or their respective antigens still remains to be determined. Here,
we further optimize the ACM assay to improve reproducibility, and investigate the degradation
of cAbs and Ags left in the dry state during the long time before dAbs are printed in large-scale
experiments, whose rate we decrease by coating slides with trehalose. We then propose the use
of calibration to minimize multiple sources of experimental variability (local and systemic) that
could not be mitigated by optimization of assay protocol steps. We compare Alexa Fluor (AF)
555 labeled goat anti-rabbit (GAR), bovine serum albumin (BSA) labeled with AF555 and AF647,
and AF555-hydrazide in their ability to calibrate local variation in the amount of cAb bound on
slides surfaces, and derive a mathematical model using calibrant and assay signals. We introduce
biotinylated GAR (GAR-b) spiked with BSA-AF555 and spotted alongside cAbs on each of the
16 subarrays printed on every slide to address systemic biases, and use a standardized layout of
samples and replicate samples in order to calibrate assay data using a small number of sample
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subgroups in two large-scale experiments. We formulate five algorithms that encompass different
combinations of sources of variability, and pick the best performing algorithm for calibrating 103
different proteins in two large-scale experiments measuring hundreds of samples each. We validate
that the observed improvement in reproducibility can be translated to an increase in the precision
of protein measurements for samples.

4.2 Materials and Methods

4.2.1 Materials

To collect blood for pooled normal serum and plasma replicate samples, we purchased serum
(BD Vacutainer #367815), K2EDTA (BD Vacutainer #367863), lithium heparin (BD Vacutainer
#367886), citrate (BD Vacutainer #369714) and CTAD (BD Vacutainer #367599) blood collection
tubes from Becton, Dickinson and Company (Franklin Lakes, NJ, USA). Pooled normal human
lumber cerebrospinal fluid (pnCSF) was purchased from Gemini Bio-Products (West Sacramento,
CA, USA). Phosphate-buffered saline (PBS) 10× solution, pure isopropanol and glycerol were
obtained from Fisher Scientific (Hampton, NH, USA). Trehalose, sucrose, betaine, 2,3-butanediol,
sodium borohydride and Tween-20® were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Pure ethanol was obtained fromCommercial Alcohols (GreenfieldGlobal, Brampton, ON,Canada).
Protease-free, IgG-free bovine serum albumin (BSA) was obtained from Jackson ImmunoResearch
Laboratories (West Grove, PA, USA). Unlabelled goat anti-rabbit (GAR) antibodies, GAR Alexa
Fluor 555 (AF555), GAR-AF647, goat anti-mouse (GAM) AF647, GAR-biotinXX (GAR-b, where
XX are two random amino acid spacers between GAR and biotin), BSA-AF555, BSA-AF647,
AF555 hydrazide (h-AF555), streptavidin (Strept) AF555, Stretp-AF647 and 4 mm 0.45 µm PVDF
syringe filters to filter detection antibody solutions were purchased from Thermo Fisher Scientific
(Waltham, MA, USA). PolyAn 2D Aldehyde and 2D Epoxy microarray slides were obtained from
PolyAn GmbH (Berlin, Germany). Xenobind microarray slides were purchased from Xenopore
Corporation (Hawthorne, NJ, USA). ArrayIt SuperNHS, SuperAldehyde and SuperAldehyde2 mi-
croarray slides were obtained from ArrayIt Corporation ARYC (Sunnyvale, CA, USA). Capture
antibodies, detection antibodies and recombinant antigens were purchased from R&D Systems
(Minneapolis, MN, USA), Abnova (Taipei City, Taiwan), Abcam (Cambridge, UK), OriGene
(Rockville, MD, USA), Fitzgerald Industries International (Acton, MA, USA), United States Bio-
logicals (Salem, MA, USA), MBL International Corporation (Woburn, MA, USA) or Santa Cruz
Biologicals (Santa Cruz, CA, USA) according to table D.S3 which also contains concentrations of
all reagents used in experiments.
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4.2.2 Samples Preparation

Pooled normal blood samples were prepared by collecting blood using a standard venipuncture
procedure from a minimum of 10 healthy adult anonymous donors in one serum, one EDTA,
two citrate, two CTAD and one heparin tubes. Serum tubes were left to coagulate for 30 min at
room temperature while plasma tubes were processed immediately after inverting 8-10×. Tubes
were centrifuged for 10 min at 1000 g and at room temperature. The supernatant was immediately
collected, stored at 4 ◦C and pooled by blood tube type. The resulting mixture was aliquoted in
cryotubes and stored at −80 ◦C. A second pooled normal serum sample (pnSerum2) was prepared
from four healthy adult anonymous volunteers using a single serum blood collection tube per donor,
which was processed as described above.

4.2.3 Quantification of evaporation of printing buffers

Measurement of evaporation of detection printing buffers was performed following a previously
described protocol [146]. In short, various detection printing buffers containing 1 % blue food
dye added were prepared. Silicon quill pins used for microarray printing but without proper tips
were dipped in the detection printing buffer and incubated at 65 % relative humidity and room
temperature. Pictures of the liquids in pin channels were taken every minute for 15 min after which
no significant evaporation occurred.

4.2.4 Microarrays production

Printing of molecules on microarray slides, plasma-treatment of source well plates and the antibody
colocalization microarray (ACM) protocol are explained in Laforte et al. [219]. In short, capture
antibodies and other molecules were printed in 2 m betaine / 25 % 2,3-butanediol in PBS 1× unless
otherwise specified. A Nanoplotter 2.1 microarrayer (GeSiM GmbH, Radeberg, Germany) with
an added microfabricated collimator (Parallel Synthesis, Santa Clara, CA, USA) fitted with four
custom-made silicon quill pins [154] was used for printing. The Nanoplotter was equipped with
a chamber where humidity could be controlled, and was set to 65 % relative humidity. Printing
was performed in the dark and on cleaned Xenobind slides unless otherwise specified. Printing
of 14 or 16 identical subarrays was generally performed on multiple slides. After printing, slides
were incubated for 24 h or other specified amounts of time, before they were fitted onto gaskets
(ProPlate®, Grace Bio-Labs, Bend, OR, USA) that separate subarrays into 16 independent liquid
incubation chambers. Slides were then rinsed using washing buffer (PBS 1× with 0.1 % Tween-
20®) and the slide washing protocol consisting in rinsing slides three times rapidlywith wash buffer,
washing for 5 min with 450 rpm rotational shaking, and repeating this process twice. Blocking of
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slides was performed by incubating for 3 h in 3 % BSA in PBST (PBS 1×with 0.05 % Tween-20®)
with 450 rpm rotational shaking. Samples diluted in PBST (high dilution: 1:30, low dilution: 1:3
if not specified) and serially diluted mixtures of antigens at known concentrations (diluted 1:2.5
13-15× as indicated) as well as blanks (PBTS) were incubated on slides for a minimum of 18 h at
4 ◦Cwith 450 rpm rotational shaking unless specified otherwise. For ACMexperiments, slides were
washed using the above protocol and rinsed with pure water or 5 % trehalose diluted in pure water,
then blown-dried with a stream of compressed nitrogen before being placed back in the nanoplotter
chamber. Detection antibodies or other molecules in detection printing buffer (45 % glycerol, 1 %
BSA, 0.001 % Tween-20®, filtered to avoid debris that could clog the silicon quill pins) were
printed onto slides and left to incubate for 24 h unless specified otherwise. Slides were fitted back
onto gaskets for further processing. For multiplex sandwich assays (MSA), following slide washing
after samples and antigens incubation, slides were incubated with a mixture of detection antibodies
at 0.2 µg/mL each in PBST for 1 h unless stated otherwise. For both ACM and MSA experiments,
slides were washed using the previously mentioned protocol, and 0.5 µg/mL Strept-AF647 or other
reporter molecules were incubated for 1 h in 3 % BSA in PBST, with 450 rpm rotational shaking.
Deviations with the purpose of optimizing this protocol are stated directly in the results section.

4.2.5 Protocol optimization

Reductive amination of slides as specified was done using the following procedure: 20 mg of
NaBH4 was dissolved in 7.5 mL of PBS 1× and 2.5 mL of pure ethanol. After the initial wash
of capture antibodies using washing buffer, slides were rinsed with PBS 1× and incubated in the
freshly prepared solution of NaBH4 described above with 450 rpm rotational shaking. Slides were
washed 3× 5 min in washing buffer with 450 rpm rotational shaking before proceeding with the
slide blocking step. Because of its toxicity, liquids containing NaBH4 were collected and quenched
by adding ≈20× the volume of isopropanol before disposing according to local environmental
safety protocols.

4.2.6 Large-scale experiments

The large-scale experiment with trehalose coating was performed according to the above protocol,
with 36 slides. Capture antibodies (for most: 100 µg/mL) and GAR-b (25 µg/mL) were spotted
in triplicate in 50 % glycerol, 0.005 % Tween-20® with 20 µg/mL BSA-AF555 as spot calibrant.
14-point standard curves were located on slides 3, 12 and 35 and replicate samples pnSerum
(dilutions 1:3 and 1:30), pnCSF (dilutions 1:3 and 1:15) and pnPlasma (dilutions 1:3 and 1:30)
were located on each slide (one replicate type and dilution per slide). The large-scale experiment
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without trehalose coating of slides was performed according to the above protocol, with 48 slides.
Capture antibodies and GAR-b were spotted in 45 % glycerol, 0.005 % Tween-20® with 10 µg/mL
BSA-AF555 as spot calibrant. 16-point standard curves were located on slides 2 and 16 and
replicates samples of pnSerum at either dilution 1:3 or 1:30 were located on each slide. Each slide
in both experiments also contained one or multiple blanks (subarrays incubated with PBST during
the antigen/sample incubation step). Validation samples were produced by mixing pnSerum1 and
pnSerum2 according to the schematic in figure D.S38 and applied to slides 1, 2, 7, 8, 13, 19, 25,
31 and 36 in the experiment with trehalose coating, and slides 1, 9, 23, 24, 33, 37, 38 and 39 in
the experiment without trehalose coating. Capture and detection antibodies were spotted in order
of decreasing %CV to minimize variability due to cAb and Ag degradation. This allowed proteins
with large %CVs to benefit from the shortest duration of drying during dAb spotting. Because of
missing spots in multiple validation samples, GRO-α, IGFBP-3 and SPARC were not analysed in
the large-scale experiment with trehalose coating, while BDNF, Tie-2, PAI-1, IL-15, TGF-β2 and
FAS were removed from the analysis of the large-scale experiment without trehalose coating.

4.2.7 Fluorescence scanning and data extraction

Microarray slides were scanned using the SureScan Microarray Scanner model 62505B/C (Agilent
Technologies, Santa Clara, CA, USA) fitted with two lasers (red He/Ne 23 mW 632-638 nm and
green solid-state 20 mW 532 nm) and corresponding emission filters (red 660-750 nm and green
550-615 nm). The scanner outputs 16-bit single-channel double images with a resolution of
5 µm/pixel. Files were viewed and analyzed with ArrayPro Analyzer 6.31 (Media Cybernetics Inc,
Rockville, MD, USA). Grids of 18 × 18, 60 µm circles were manually overlaid on all subarrays
of each microarray slides. The position of circles overlaid on top of groups of three technical
replicates were moved together if the grid and the spots position did not correspond well. The mean
fluorescence values of all pixels within each circle was outputted for further analysis.

4.2.8 Analysis and data calibration

Fluorescence data was imported and analysed in Excel (Microsoft Corporation, Redmond, WA,
USA) andGraphPad Prism5 (GraphPad Software Inc., La Jolla, CA,USA) for protocol optimization
experiments and proof of concept experiments and R[220] for all calibration and performance
measurements. Packages onewaytests[221], outliers[222], drc[223], mblm[224], minpack.lm[225],
limma[226] and MASS[227] were used in the code. Standard curve fitting, quantification of
samples and accuracy range (AR) calculations were modified from a website created by Murphy
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and Dendukuri [228]. Exact details of calibration and measurement of performance are located in
supplementary material appendix D.

4.3 Results

4.3.1 Assay Optimization

Previous optimizations were made to the ACM protocol in order to improve assay reproducibility
and sensitivity, with the main goal of optimizing a slide and cAb printing buffer combination that
minimizes evaporation [146]. Similarly, to minimize evaporation in the dAb printing buffer, we
added 45 % glycerol, and tominimize non-specific binding, we added 1 %BSA and 0.001 %Tween-
20 (figure D.S1). To further improve sensitivity, we increased blocking time and concentration of
BSA in the blocking buffer and optimized Streptavidin incubation time and buffer composition.
While previous studies using the ACMwere done onXenobind slides, theywere no longer available.
Therefore we investigated different slides in terms of signal intensity and reproducibility of the
chemical coating and chose PolyAn 2D Aldehyde as it behaved similarly to Xenobind without
modifications to the protocol. We changed the cAb printing buffer to 50 % glycerol with 0.005 %
Tween-20 to improve assay reproducibility of one protein which was not reliably measured with
the previously used 2 m betaine / 25 % 2,3-butanediol printing buffer, out of four protein tested.
Supplementary figures D.S2 to D.S14 describe optimizations done to the assay protocol.

Figure 4.1 shows the ACM protocol steps with identified sources of variability that were
mitigated with improvements to the assay protocol. Incubation of cAbs and dAbs need to be
sufficiently long to allow them to be bound at equilibrium, thereby decreasing the variability
between the first and last spot bound on the surface. We therefore measured the amount of time
required to allow cAbs and dAbs to bind to the surface using logarithmic regression analysis (figure
D.S15). We found that for cAbs and dAbs, an incubation time of 24 h following the last printed spot
is required to achieve maximum binding and a difference less than 1 % (figures D.S16 and D.S17).
We also selected an 18 h incubation for Ags and samples at 4 ◦C, allowing for low-abundance Ags
to bind without degradation of samples, which is in agreement with a previous study [229].

4.3.2 Protecting spots from drying effects with trehalose

Some spots on the slides are left in a dry state for upwards of 36 h when measuring over 100
proteins in several hundred samples because the long spotting duration until every dAb is printed.
We therefore investigated the stability of cAbs and Ags bound on the surface of slides while being
exposed to the ambient environment. Figure 4.2a illustrates the effect of spot degradation using
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Figure 4.1: Experimental sources of variability in ACM. The ACM protocol consists of suc-
cessive spotting (1, 4) and incubation (2, 3, 5) steps with slide processing such as washing and
drying between steps. Some sources of variability are mitigated by modifications to the protocol
while some are mitigated by the addition of a spot or subarray calibrants. Slides and spots layout
is located on figure 4.5.

Ang1 as an example. cAb-Ag complexes were left in the dry state for different amount of times
before spotting dAb printing buffer without dAb present, followed by incubation of dAbs in bulk
and then incubation with goat anti-mouse (GAM) conjugated to AF647 at 1 µg/mL (figure D.S18)
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and Strept-AF555. GAM-AF647 was used to quantify cAbs bound at the surface since Ang1 cAb
is a mouse antibody, and Ang1 dAb is a goat antibody. We verified that GAM-AF647 did not
cross-react with any of the dAbs used (figures D.S19 and D.S20). The quantity of Ag present on
spots was quantified with Strept-AF555. A significant degradation in the GAM-AF647 signal was
seen in as little as 12 h. We also determined that the degradation affected assay signals, notably
degrading the LOD by a factor of up to 30× (figure D.S22) due to the overall lower assay signal.
While the degradation seen was prevented by immediately spotting dAb printing buffer on spots,
dAb printing buffer printed on spots that had been left to dry and degrade did not reverse the
degradation seen (figure D.S21). The amount of degradation varied on Xenobind, PolyAn 2D
Aldehyde and PolyAn 2D Epoxy slides, indicating that the presence of various chemical coatings
had an effect on the rate of degradation (figures D.S23 and D.S24).
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Figure 4.2: Trehalose coating protects spots from degradation but increases local signal
variability. (a) Ang1 cAbs with bound Ag were washed with water, dried and left in the dry state
for different amounts of time before dAb printing buffer was spotted. After incubation, slides were
washed and incubated with GAM-AF647. (b) Microscope image of a blocked microarray slide
that was coated with different concentrations of trehalose before drying and spotting dAb printing
buffer. (c) Ang1 cAbs and bound Ag were coated with 1 or 5 % trehalose or rinsed with pure water
and left to dry between one and up to seven hours before dAb printing buffer was spotted. (d)
Ang1 immunoassay on slides protected with a trehalose coating leads to greater variability in the
technical replicate signals than an Ang1 immunoassay without a trehalose coating. Size markers
are 250 µm (a and b). Error bars are standard deviation (c). Dashed part of lines in c indicate a
break in dry time. NP: Signal of spots onto which no dAb printing buffer was printed.

We coated slides with different concentrations of trehalose to attempt protecting spots from
degradation, by incubating slides in the trehalose solution for a few seconds before drying using a
stream of compressed nitrogen, effectively drying trehalose on top of the slides as a thin coating.
We found that a maximum of 5 % trehalose could be spotted on slides and still allow dAb printing
buffer to be printed on top (figure 4.2b). Compared to rinsing slides with water, coating slides
with 5 % trehalose prevented up to 70 % of the observed degradation (figure 4.2c). Sucrose, BSA
and glycerol were also tested, but they only provided minimal protection from degradation (figure
D.S25) even though glycerol and BSA are already included at higher concentration in the dAb
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printing buffer. Coating of slides with trehalose, sucrose and BSA led to the formation of small-
scale crystals and introduced artifacts that affected assay signals and increased the local assay
signal variability, as seen in the comparison of two standard curves of Ang1 in ACM assays of
large-scale experiments (figure 4.2d). The standard curve from the slide coated with trehalose
showed greater variability among triplicate spots at each antigen concentration compared to the
slide without trehalose coating. In spite of the increased local variability due to coating slides with
trehalose, this step was not dismissed because of the possibility that the spot calibrant tested next
would address this extra source of variability, and therefore the slides of one large-scale experiment
used to validate the proposed calibration method were coated in trehalose.

4.3.3 Choice of Spot Calibrant

We evaluated the use of spiked fluorescently-labeled molecules as calibrant to address local vari-
ability in the quantity of cAb bound to the surface at each spot. Because cAbs are monoclonal
antibodies, and slides are blocked with BSA, we chose molecules which in theory should not
interfere with the assay signal or cross-react with other molecules in the assay. We compared
GAR-AF555, BSA-AF555 and AF555 hydrazide (h-AF555: a reactive version of AF555) that give
signal in the green channel and BSA-AF647 that gives signals in the red channel. We compared
these molecules using the following criteria: 1) absence of false positive signals, 2) sufficient signal
intensity, 3) minimal interference with cAb binding to the surface, 4) stable binding to the surface
within 24 h and 5) stability of the fluorescence signal in dry state before dAb printing (i.e. without
trehalose coating).

When GAR-AF555 was added to cAbs to assay 10 different proteins, false positive signals
were seen in at least four of them (figure D.S26), therefore GAR-AF555 was no longer considered
for comparison. In order to determine the best concentration of spot calibrants, we printed 5,
10, 25 and 50 µg/mL BSA-AF555, BSA-AF647 and h-AF555 alone and mixed with GAR-b
at 100 µg/mL. GAR-b was used as a replacement for cAb that can easily be probed with a
fluorescently-labeled streptavidin in the opposite color channel as the spot calibrant tested. We
incubated slides with Strept-AF555 and Strept-AF647 separately. All calibrants signal intensity
increased proportionally with increasing concentrations (figure 4.3a), but only BSA-AF647 and
BSA-AF555 showed decreasingGAR-b signal intensity with increasing spot calibrant concentration
(figure 4.3b), indicating that they partially prevented GAR-b from binding to the slide surface. We
also observed a small amount of fluorescence signal in the red channel used to measure AF647
when BSA-AF555 or h-AF555 were spotted, in the absence of AF647 (figure D.S27). From this
experiment we picked concentrations of 8, 20, and 100 µg/mL for BSA-AF647, BSA-AF555 and
h-AF555 respectively for further testing.
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Figure 4.3: BSA-AF555 performs best as spot calibrant. BSA-AF647, BSA-AF555 and h-
AF555 are compared in terms of (a) signal intensity and (b) displacement of cAb when spotted
at different concentrations as a mixture with GAR-b at a constant concentration. (c) Calibrants
at their ideal concentration mixed with GAR-b were allowed to bind on the slide for different
amounts of time to determine their binding dynamics. h-AF555 shows a linear binding that does
not accurately reflect the amount of GAR-b bound on the surface regardless of incubation time.
(d) Calibrant spots mixed with GAR-b and bound for 24 h were left to dry for different amounts
of time before being protected by dAb printing buffer spots. Fluorescence signals in (a, c, d) are
from the spot calibrants, whereas in (b) they are from streptavidin conjugated to AF555 or AF647
to show GAR-b displacement. Error bars are standard deviation. Dashed part of lines in d indicate
a break in dry time. NP: Signal of spots onto which no dAb printing buffer was printed.

The three spot calibrants were spotted at their optimal concentration and allowed to bind for
different amounts of times to the slide to evaluate whether the signal intensities were stable after an
incubation time of 24 h. We found that BSA-AF647 and BSA-AF555 both bound to the slide in a
logarithmic fashion, while h-AF555 appeared to bind linearly (figure 4.3c). The signal intensity of
h-AF555was∼6× greater without the presence of GAR-b, suggesting a complexmixture of binding
rates between GAR-b, h-AF555 and the slide surface. Similarly to cAbs tested previously, the signal
intensity of BSA-AF555 and BSA-AF647 varied by less than 1 % in large-scale experiments, while
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binding of h-AF555 varied by much more than 1 % (figures D.S28 and D.S29).
We tested the stability of the three potential spot calibrants when left in the dry state for several

hours before dAb printing, and found that h-AF555 and BSA-AF555 fluorescence signals were
stable, while that of BSA-AF647 slowly degraded after 7 h (figure 4.3d). We tested the stability for
a longer time duration (40 h) and found a slight degradation of BSA-AF555 fluorescence signal on
Xenobind and PolyAn 2D Epoxy slides, but not PolyAn 2D Aldehyde (figures D.S30 to D.S32).
BSA-AF647 fluorescence signal quickly degraded on all three slides, with up to 93 % decrease in
signal intensity after 40 h. Similarly, we evaluated the stability of AF555 and AF647 in conditions
simulating waiting time before scanning while being in the scanner at normal humidity and in the
dark (figure D.S33) and found that both fluorophores were stable for up to 25 h. Finally, because
calibrants can be left in the printing buffer in the source well plate for up to 36 h before being
spotted onto microarray slides, we investigated their stability during storage in cAb printing buffer.
Both BSA-AF647 and BSA-AF555 degraded slowly when stored for up to three days in the cAb
printing buffer, although BSA-AF647 degraded ∼3× quicker than BSA-AF555 (figure D.S34).

h-AF555 did not bind with a similar rate as GAR-b, while BSA-AF555 and BSA-AF647
followed a logarithmic binding curve to the slide similar to that of cAbs. For this reason, h-AF555
was essentially useless as a predictor of the subtle differences in cAb quantity between spots. BSA-
AF555 was selected over BSA-AF647 as spot calibrant because it interfered less with cAb binding
and was more stable in the dry state. Therefore, BSA-AF555 was measured in the green channel,
and the red channel was selected to measure the assay signal, which in our assay is also the most
sensitive channel (figures D.S35 and D.S36).

4.3.4 Spot calibration

In order to model the mathematical relationship between the spot calibrant (BSA-AF555) and assay
fluorescence signals, we serially diluted a mixture of spot calibrant and HGF-R cAb, while keeping
the ratio of both molecules constant. Each subarray of a slide was spotted with the mixtures of
spot calibrant and HGF-R cAb at different concentrations and subarrays were incubated with a
15-point standard curve of HGF-R. Figure 4.4a shows the different standard curves obtained with
increasing concentrations of spot calibrant and cAb mixture. The relationship of spot calibrant
and assay fluorescence signal intensities for the different antigen concentrations in the standard
curve, corresponding to a relationship ACAL = A/CS where ACAL is the calibrated assay signal,
CS is the spot calibrant signal and A is the raw assay signal, are shown in Figure 4.4b. No simple
mathematical relationship could be derived from this equation, and therefore it was not be possible
to derive the antigen concentration from the simple ratio of assay to spot calibrant signals.
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Figure 4.4: Linear relationship between log assay and log spot calibrant signals. Amixture of
HGF-R cAb (Assay: A) and BSA-AF555 (spot calibrant Cal: CS) at initial concentrations of 100
and 20 µg/mL respectivelywere diluted 1:2 nine times and spotted on amicroarray slide. Following
blocking, the microarray slide was incubated with a 15-point standard curve of HGF-R Ag serially
diluted 1:2.5. (a) Nine standard curves of HGF-R of increasing concentrations of cAb/Cal. In
(b) and (c), the spot calibrant signal is plotted against the assay signal in (b) linear-linear or (c)
log-log scales, for each Ag concentration. Because the log-log graph (c) leads to parallel lines at
high cAb/cal concentrations (25-100 µg/mL), they can be approximated by linear fits in this range
for each cAb/cal concentration. The slope (d) and intercept (e) of these linear fits can be plotted
against the Ag concentration. (a-c) are representative graphs while (d) and (e) are averages of three
independent experiments. Error bars are standard deviation. Estimating the constant part of the
calibration slopes (m) above the standard curves inflection points in (d) allows the calculation of
Ag concentration by calculating the intercept (b) using the line equation y = m · x + b.

Since the fluorescence intensity data obtained from microarrays is strongly heteroskedastic
(figure D.S37) and that log transformations are used to make the data homoskedastic [230], both
assay and spot calibrant signals were log transformed and plotted for each antigen concentration,
corresponding to a relationship ACAL = log(A)/log(CS). Figure 4.4c shows that within the cAb
concentration range of 25 to 100 µg/mL, the slopes (m) of log(CS) vs log(A)were relatively constant.
This slope was plotted against the antigen concentration in figure 4.4d. Similarly, the line intercepts
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(b) were plotted against the corresponding antigen concentration in figure 4.4e. Approximately
one order of magniture (OM) about the average point of inflection for the standard curves made by
cAbs at concentrations 25 to 100 µg/mL, the slopes were relatively constant, while the intercepts
appeared to be of a similar shape as an average of the first three standard curves shown in figure 4.4a.
The intercepts were calculated using the equation b = log(A) − m · log(CS) where A is the assay
signal and CC is the spot calibrant signal. By the law of logarithmic identities this corresponds to
the following relationship between assay and spot calibration signals: b = log(A/CS

m).

4.3.5 Comparison of calibration algorithms

BSA-AF555 was selected as spot calibrant to address local variability due to differences in the
surface coating ofmicroarray slides. A subarray calibrant (GAR-b) was picked as subarray calibrant
to compensate for systemic variability due to spatial bias and serialization of assay steps, specifically
subtle differences in the duration of the Strept-AF647 incubation and following wash and variations
during scanning. A subarray spot calibrant (BSA-AF555) was also mixed with the subarray
calibrant GAR-b in order to compensate for local surface variability that could differentially affect
binding rates of cAbs and spot calibrants. In total, three different calibrant signals were obtained
in addition to the assay signal. Figure 4.5a shows the layout of cAbs and subarray calibrants for a
single subarray that can measure 104 proteins from triplicate technical replicates. Figures 4.5b-c
describe the molecules present at cAb and subarray calibrant spots, respectively.

We sought calibration equations that would allow the first calibrant to address the greatest
source of variability (local or systemic), followed by the second calibrant addressing the second
most important source of variability, and so on. We assumed that if a source of variability is very
small, the calibrant signal which addresses this source of variability should not be used because
in practical terms, it would simply add variability to the result. Therefore, we serially combined
the three calibrant signals into five equations (figure 4.6) using different combinations of signals.
Two of the resulting equations use a single calibrant (spot or subarray calibrant) and assume that
the variability addressed by the other two calibrants is minimal. Two equations use the spot and
subarray calibrants one after the other. The last equation uses the three calibrant signals, with the
subarray spot calibrant first calibrating the spot calibrant signals.

Two large-scale experiments with 36 and 48 slides were performed tomeasure up to 103 proteins
in clinical samples (analysed elsewhere). Table D.S3 lists the proteins measured along with the
provenance and concentrations of reagents used. Because the use of trehalose coating of slides
decreased the degradation of some molecules bound to the microarray slide surface, but introduced
a local variability due to microcrystals being formed on the surface, one large-scale experiment (36
slides) received trehalose coating of its slides, while the other (48 slides) did not. Samples of the
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Figure 4.5: Experimental design. (a) The layout of cAbs, spot and subarray calibrants within
a single subarray (used to measure a single Ag concentration or sample at a given dilution). The
molecular composition of a spot containing (b) a cAb with spot calibrant and (c) a subarray
calibrant with spot calibrant. (d) Slide layout containing 14 samples within a same local group, of
the same type and dilution, and a single blank and replicate sample of the same type and dilution
as that of the samples. (e) Example of a small deck layout containing 6 local groups, each of
which composed of 3 or 4 slides with grouped samples to be compared (shown here as time course
samples from a single patient), of the same sample type and dilution. The deck layout also contains
two standard curves.

same type (serum, plasma, cerebrospinal fluid) and dilution (high or low) and in the case of patient
time series, the same patient, were grouped together and the order of samples was randomized
for each patient (as shown in figure 4.5e). This minimized variability within each small group,
since variability is less in small-scale experiments compared to large-scale experiments. Each slide
also contained a blank sample used for calculating the limit of detection (LOD), a measure of
sensitivity. In order to calibrate assay signals, calibration slopes were estimated for each protein.
We used pooled normal replicate samples on each slide, corresponding to the sample type and
dilution of the slide (figure 4.5d) to estimate calibration slopes. To verify that reproducibility was
also improved for clinical samples, a series of validation samples was added to both large-scale
experiments, created from two different pooled normal serum samples (figure D.S38). Quantities
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b1 = log( ) − ⋅ log( )AssayR Calspot−Gm1

b2 = log( ) − ⋅ log( )AssayR Calsubarray−Rm2

b3 = − ⋅ log( )b2 m3 Calspot−G

b4 = − ⋅ log( )b1 m4 Calsubarray−R

b5 = − ⋅ (log( ) − ⋅ log( ))b2 m5 m6Calspot−G Calsubarray−G

Alg1:

Alg2:

Alg3:

Alg4:

Alg5:

Figure 4.6: Equations for five calibration algorithms. Alg1 and Alg2 are calibration algorithms
that use a single calibrant (Cal variables, in red and green), Alg3 and Alg4 are extensions of
Alg1 and Alg2 but use an additional calibrant, and finally Alg5 uses all three calibrants. For each
protein, six calibration slopes (m, in blue) are estimated using the replicate samples located on
each slide. A single calibration slope value is estimated for each local group, and the median of all
the calculated calibration slopes is used to estimate the overall calibration slope.

of the four measured proteins did not vary significantly between the two different pooled samples
(figure D.S39), however the measure of reproducibility calculated was the residual error, similar to
coefficient of variation but with a non-zero regression line [146].

Replicate samples located throughout the slide layout of both large-scale experiments were
used to both estimate calibration slopes and to calculate the resulting reproducibility. If care
is not taken during the estimation of calibration slopes, it is possible for the improvement in
reproducibility seen for replicate samples to not reflect a true improvement in reproducibility for
the clinical samples being measured, a well-known statistical phenomenon called data overfitting
[231]. We observed this phenomenon when performing an experiment where we used two different
pooled normal samples (pnSerum1 and pnSerum2) to calculate calibration slopes and measured
to resulting reproducibility on both replicate samples. Calibrating both replicates with a single
calibration slope estimated from one of the replicates led to a much greater improvement in
reproducibility in that replicate sample and small to little improvement in the other replicate sample
(figure D.S40), proving that this method leads to overfitting. On the other hand, reproducibility
was improved in both samples when the mean of the two calibration slopes obtained independantly
from both replicates was used to calibrate both replicate samples (figure 4.7c). Moreover, the
mean calibration slope estimated from low-dilution replicates improved low-dilution replicates
reproducibility more than high-dilution replicates, and calibration slopes estimated using blanks
did not improve reproducibility in most cases, indicating that using the proper dilution of replicate
samples is important. Calibration slopes were therefore estimated by taking the mean or median of



Chapter 4. Improving ACM reproducibility with calibration 85

several calibration slopes measured in individual local groups to avoid overfitting.
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Figure 4.7: Combination of five calibration algorithms improves assay reproducibility. (a)
Comparison with violin plots of reproducibility obtained with uncalibrated (Raw) data, five cal-
ibration algorithms and the best combination of these five algorithms per protein at dilution 1:3
in a large experiment where slides were coated or not coated with trehalose before drying. Only
proteins (n = 30) where reproducibility could be calculated for all algorithms in both experiments
are considered. Combined data is based on reproducibility of pnSerum at dilutions 1:3 and 1:30.
(b) Frequency of use for each calibration algorithm in the final combined algorithm. Bright colors
are for the experiment with trehalose, while dark colors are for the experiment without trehalose
coating of slides. (c) In an experiment where two different replicates samples were applied several
times (pnSerum1 and pnSerum2), the best improvement in reproducibility was obtained for both
replicates when calibration slopes were calculated from the mean of calibration slopes obtained
from both replicate samples.

We compared the improvement in reproducibility obtained using the five different equations.
Median reproducibility of sample replicate quantities was used as a measure of the performance
of calibration algorithms, as using the median is less skewed by outliers which are present in our
reproducibility values distributions. Figure 4.7a shows that the reproducibility of 30 proteins, whose
quantities were measured in both large-scale experiments, was equal or worse than reproducibility
of uncalibrated data when using any of the five algorithms in both experiments. However when
picking the best performing algorithm for each protein (or no calibration if none of the algorithms
produced an improvement in reproducibility), median reproducibility was improved from 42.1 %
to 36.8 % for the large-scale experiment with trehalose coating, and from 35.1 % to 33.1 % for the
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other experiment. The frequency of selection of each algorithm for both large-scale experiments is
shown in figure 4.7b and shows that data was left uncalibrated for about a third of the proteins for
the large-scale experiment with trehalose coating, while for the other close to half the proteins were
left uncalibrated. LOD was worse in the experiment with trehalose coating, and residual error of
validation samples was improved with the combined algorithm in both experiments (figure D.S41).

We tested four differentmethods of estimating calibration slopes, described in the supplementary
information. Calibration slopes were estimated by taking the mean or median of calibration slopes
calculated within local groups, or estimated using the mean of calibration slopes estimated globally
using different replicate samples types and dilutions (global) when more than one replicate type
and dilution was present. In both cases, data for all protein dilutions were considered, or data
only from a chosen dilution per protein. Most proteins were quantified at a lower dilution, except
proteins found in larger quantities in samples (Ang1, CCL5, CD14, EGF-R, IGFBP-3, IGFBP-
7, MMP-9, TGFβ RII, THBS-1, VCAM-1). We first compared different parameters (mean vs
median, high vs low number of local groups, number of replicate types and dilutions) for each of
the four method presented. We calculated reproducibility using replicate samples, residual error
from validation samples, limit of detection (LOD), quantification range (QR: range between the
minimum and maximum plateau of the standard curve fit) and accuracy range (AR: range of the
standard curve with a precision 625 %) from uncalibrated raw data and data calibrated using the
combined algorithm (figures D.S42 to D.S48). We found that in both experiments, calculating the
median of local calibration slopes was better than the mean. The best performing number of local
groups varied. Reproducibility and residual error improved further by picking the best method
for estimating calibration slopes for each experiment, and in both cases taking the median of local
calibration slopes performed best (figure D.S49 and D.S50).

4.3.6 Performance of combined calibration

In reporting final values of improvement in reproducibility, residual error and LOD, proteins for
which values could be calculated using the calibrated and uncalibrated data in both large-scale
experiments can be considered in order to compare the effect of trehalose coating of slides on assay
performance. Figure 4.8 shows that reproducibility was better in the experiment without trehalose
coating of slides, even though calibration improved reproducibility from 42.2 % to 30.0 % in the
experiment with trehalose coating of slides and from 36.1 % to 27.2 % in the other experiment.
Similarly, residual error was improved in both experiments, from 31.5 % to 24.1 % in the experiment
with trehalose coating of slides and from 40.1 % to 30.6 % in the other experiment. Sensitivity was
slightly better in the experiment without trehalose coating of slides (346 pg/mL vs 376 pg/mL)
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even though calibration improved the LOD in the experiment with trehalose coating of slide, while
sensitivity decreased slightly in the other experiment.
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Figure 4.8: Effect of calibration on assay performance. Comparison of uncalibrated and
calibrated data for experiment with and without trehalose coating in terms of (a) LOD, (b) mean
residual error of validation samples, (c) QR, (d) AR of standard curves and (e) reproducibility
of pnSerum sample replicates at dilution 1:3. Only proteins with standard curves and without
unquantified replicate samples that have performance values in both experiments are considered.

On the other hand, the performance of calibration can be reported for each experiment individ-
ually. Because they measured a slightly different list of proteins, and because not all proteins had
calculated values of reproducibility, residual error and LOD in both calibrated and uncalibrated
data, the changes in performance due to calibration shown in figure D.S51 cannot be used to directly
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compare the calibration performance for the two experiments. Reproducibility for the large-scale
experiment with trehalose coating of slides improved from 42.9 % to 34.5 % and for the other
experiment it improved from 36.8 % to 26.1 %. All performance values are reported in tables D.S1
and D.S2.

4.4 Discussion

As a first step to improving reproducibility of the ACM assay, steps of the protocol were examined
for sources of variability that could be mitigated by modifications to the experimental protocol. We
found a low-evaporation dAb printing buffer and lengthened both incubation times for cAb and dAb
to 24 h to decrease the difference in the amount of antibodies bound to the surface between the first
and last spot. These changes made to the protocol increased the overall time of the assay, making it
last several days for large-scale experiments. However, the changes were very economical in their
implementation. One step of the assay that happens several times and was performed entirely by
hand was washing slides. Washing was performed with a squeeze bottle with high variability in the
strength, volume and time of wash in each well of each slide. A similar problem was the loading of
reagents, especially the standard curves, samples and replicate samples, as well as the Strept-AF647,
which were done serially by hand and took over an hour for large-scale experiments. This step
would also benefit from a higher consistency and quicker handling by automation. The automation
of such steps has been shown to increase the reproducibility of assays [232–234], however the cost
of additional equipment might be prohibitive.

While 2 m betaine / 25 % 2,3-butanediol cAb printing buffer performed with high sensitivity
on all reactive aldehyde slide, it increased the variability of MCP4 on Xenobind slides, which
was not seen with the Ang1, HGF-R and VEGFR2 assays. We determined that a cAb printing
buffer composed of 50 % glycerol improved MCP4 assay reproducibility, and that the addition of
0.005 % Tween-20 helped increase the amount of liquid delivered on the surface by the silicon pins
[165, 235], allowing the fluorescence intensity and therefore sensitivity to increase. MCP4’s worse
reproducibility onXenobind slides was not observed on PolyAn 2DAldehyde slides, suggesting that
MCP4’s variability in binding its Ag might arise from a susceptibility in surface coating variability
that is specific to Xenobind. Despite the loss in sensitivity, we chose to print all antibodies in
50 % glycerol with 0.005 % Tween-20 on PolyAn 2D Aldehyde slides because of the yet unknown
possibility that other cAbs among the 103 tested might be susceptible to variability in the surface
coating of not only Xenobind slides, but also PolyAn 2D Aldehyde slides. Indeed, assay for
two proteins (S100B and AFP) gave valid standard curves using the glycerol-based, but not the
betaine/2,3-butanediol-based cAb printing buffers, even on PolyAn 2D aldehyde slides. Glycerol
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is widely used to preserve the structure and function of proteins [236–240] whereas this is not the
case for betaine or 2,3-butanediol. Many groups claim that glycerol in the cAb printing buffer
prevents binding of molecules to the surface [163, 164]. Our results show that on reactive aldehyde
based surfaces, binding of molecules to the surface in high glycerol content printing buffers was
possible when a long enough incubation time was performed. This is consistent with McBeath
et al. who spotted proteins in 40 % glycerol on reactive aldehyde slides [183]. Further research
into a better combination of additives, for example by mixing betaine with glycerol and Tween-20,
could also lead to a printing buffer that allows higher binding of molecules at the surface and still
prevents the suspected denaturation of certain cAbs that are susceptible to denaturation due to the
slides chemical coating.

After printing with a cAb printing buffer containing 50 % for the first large-scale experiment, we
noticed that cAb spots printed in the first ∼5 min swelled and merged, making 1-2 slides unusable
each time pins were washed and dipped into the source well plate to load fresh reagents. This was
most likely due the buffer absorbing up water from the high humidity, the other slides being usable
because the cAb printing buffer in the pin had already absorbed water to an equilibrium state. We
lowered the glycerol concentration to 45 % in the second large-scale experiment to resolve this
issue. This difference between the two experiments might contribute in part to the worse LOD
seen in the first large-scale experiment, although the trehalose coating of slides in this experiment
probably contributed a larger proportion of the difference seen.

While we found Xenobind slides chemical coating to be stable during long waits at room
temperature and high humidity before spotting, this was not the case for slides with printed cAbs
and Ags in the dry state. We found no decrease in signal intensity of GAR-b that was left to dry for
over 24 h and incubated with Strept-AF555. We therefore concluded that the degradation seen was
not due to the breaking of bonds binding GAR-b to the surface, followed by washing away of cAb
molecules, in spite of cAbs being bound by weak Schiff base bonds. Instead, we found significant
degradation in mouse monoclonal cAbs ability to be bound by GAM-AF647. We presume that
although GAM-AF647 is a polyclonal antibody, it was produced with structurally intact mouse
IgGs and therefore a structural denaturation of cAbs on the surface would make them unable to
be bound by GAM-AF647. When investigating the effect of degradation on Ags, we saw a less
pronounced effect, which might be due to some Ags being less susceptible to denaturation than
others, and/or some dAbs’ ability to recognize the epitope on their respective Ag in a partially
denatured form. Nonetheless, we saw an effect on assay signals, and therefore sensitivity of assays.
The effect of degradation on assay signals differed between different types of slides, and therefore
the degradation is likely partially due to the chemical coating on the slides surface. The time
difference between the first and last printed spots for a single antibody in our protocol would be
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80 min and therefore we assume that the difference in denaturation as a source of variability would
not be very pronounced, although we did not measure the rate of denaturation of all cAbs and Ags
in our assay. The greatest detrimental effect would be seen in sensitivity, where cAbs spotted last
after 36 h of waiting in the dry state could have undergone significant degradation.

We observed that the degradation of cAbs and Ags when left in a dry state was partially
mitigated by coating slide with a solution of 5 % trehalose, which we quickly blow-dried on slides
using a stream of compressed nitrogen. While we used at 5 % trehalose solution, the solution dried
on slides and therefore it is most likely the thickness of the coating along with how much water
remained in that layer that protected cAbs and Ags. Drying slides manually was tricky and created
variability not only because of the micro-crystals formed, visible under the microscope, but also
in the thickness of the trehalose coating between slides and within single slides. This led to a
worsening of the LOD and AR of assays, as there was more variability among technical replicate
spots and blanks, making assays less precise. A better method of drying or depositing a uniform
layer of trehalose with crystals of less than ∼5 µm, the scanner resolution in our platform, would
most likely lead to better reproducibility and sensitivity. Coating other chemicals or mixtures might
also lead to a better protection of spots from degradation. A larger concentration of sucrose or
trehalose dried on top of slides could be used for storing slides, combined with low temperatures,
as is commonly used in lateral-flow assays using sucrose [241–243] or trehalose [244–246].

We found BSA-AF555 to be the best of four molecules at calibrating the amount of cAb bound
to the microarray slide surface in every spot to address local variability. One of the other three
molecules tested, GAR-AF555, showed significant false positive signals for half of the proteins
tested. Assays which produced false positive measurements in the presence of GAR-AF555 were
composed of goat polyclonal dAbs, which in theory should not lead to cross-reactivity because of
the selection process by which antibodies are produced in mammals [247]. Therefore the reason
why the presence of GAR-AF555 led to positive signal is unknown at this time. Since the blocking
molecule in the ACM is BSA, and it is present in small proportion in every spot along with cAbs,
it was not expected to lead to false positive signals in assays.

h-AF555 was a promising candidate as spot calibrant, as it does not contain a protein moiety and
therefore cannot cross-react with other molecules in the assay. However the binding of h-AF555
on the surface was revealed to be more complex than for BSA-labeled molecules and could not be
used as spot calibrant. A better use of h-AF555 would have been to pre-label all cAbs, however this
labeling would have been cumbersome and lead to loss of costly antibodies during the purification
step. Labeling of cAbs also could have modified their functionality and might have affected their
stability.

Overall the performance of BSA-AF555 was better than that of BSA-AF647, whose affitiny for
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the Xenobind surface appeared to be greater than that of BSA-AF555, thereby preventing some cAb
from binding at the surface. The stability of the fluorophore, both in the dry state at high humidity
and also at room temperature in the cAb printing buffer, made AF647 a bad candidate as spot
calibrant. It was also necessary to consider the fluorophores with the background fluorescence of
our slides and the performance of our scanner. Overall, the green channel had a higher fluorescence
background and therefore it was a more sensible solution to use the spot calibrant in the green
channel, with its fairly constant fluorescence intensity above the background. Therefore the red
channel was left for assays which require more sensitivity and lower fluorescence backgrounds.
A minimally working concentration of BSA-AF555 was however required to minimize cross-talk
of the green signal into the red channel, most likely due to the emission tail of AF555 which
slightly overlaps the emission tail of AF647. Picking two fluorophores which are further apart in
their emission spectra and corresponding scanner laser and filters would most likely address this
problem and improve sensitivity, although in this assay the crosstalk was fairly minimal.

We were surprised to see a rapid degradation of AF647 in the microarrayer chamber at high
humidity, and a relative stability of fluorophores in the scanner, while both instruments were located
in a room with controlled ozone below 5 ppm. It is known that AF647 is more sensitive to low
levels of ozone than AF555 [248], but the difference between the two instruments was surprising
and at this time it is unknown if AF647 was sensitive to high humidity or if there were differences
in local concentrations of ozone between the two instruments. The degradation of AF647, and to a
lesser degree AF555, occurred at different rates on the different slide types. This points to a type
of degradation that might be facilitated by the chemical coating present at the slide surface, in high
humidity or ozone.

To find out how to use calibrant signals when calibrating assay signals, we used BSA-AF555
spotted with cAbs at a constant ratio in different concentrations to elucidate the mathematical
relationship between the spot calibrant and assay signals. We found that the relationship b =

log(A/CS
m) is compatible with the fact that data is heteroskedastic and therefore log-transformed

before data analysis. The exponent m accounts for differences in scanner gain and specific ratio of
cAb to spot calibrant, and implies that the rate of difference relationship cannot be assumed to be
1:1. For example, a 100 % increase in assay signal may not translate to a 100 % increase in spot
calibrant signal for the same antigen concentration, and m accounts for this difference in rate of
change.

The fact that the constant slope relationship seen for the higher concentrations of Ag was only
valid between 25 and 100 µg/mL of cAb concentration is not an issue in the ACM. Most antibodies
are printed at concentrations of 100 µg/mL or more and we have seen less than 10 % difference in
cAb quantities bound at the surface (as detected by GAM-AF647, data not shown). Therefore the
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variability in quantity of cAb bound to the surface is well within the range where the slope between
the log of spot calibrant and assay signals is linear.

Because of different affinities of cAbs and dAbs for their epitopes on the same antigen, and
the degree of biotin labeling of dAbs varies from one protein assay to another, we observed that
calibration slopes varied between different proteins. Moreover because of differences between
experiments, we also observed that calibration slopes were different between experiments for
the same protein. Therefore calibration slopes should be estimated for every protein, in every
experiment, using replicate samples located throughout the experimental layout.

The strength of the mathematical relationship observed here is the fact that it can be serially
combined when multiple calibrants signals are used. Since b1 of the first equation is related to the
antigen concentration just like the assay signal, it can replace the assay signal of a second equation
using a second calibrant, obtaining a second intercept b2 which can subsequently replace the assay
signal in a third equation involving a third calibrant signal, and so on. Serially combining equations
is a powerful technique but it must first calibrate the calibrant which corresponds to the greatest
source of variability, followed by the calibrant addressing the second greatest source of variability.
Since we could not possibly measure the amount of variability that each calibrant addressed in the
assay for 103 proteins, we opted for devising five algorithms, each using specific combinations of
one, two or three calibrants in different orders. There are a total of 15 ways to combine one, two
or three calibrants serially and we used only five of them. It is possible that one of the untested
equations might have led to a greater improvement of reproducibility for one or more proteins, but
we picked the five listed in figure 4.6 because they made logical sense in the context of the assay.

We did not expect a single algorithm to prevail above all others and improve the reproducibility
for all proteins tested, as we expected different cAbs, Ags and dAbs to be susceptible or sensitive to
different sources of local and systemic variability. This was the case of MCP4 on Xenobind when
it was printed in 2 m betaine / 25 % 2,3-butanediol compared to Ang1, HGF-R and VEGFR2 which
were not sensitive to this printing buffer and slide combination. Therefore we decided to choose
the best performing algorithm for each protein.

We were faced with a number of ways to estimate calibration slopes and found that taking
the median of many calibration slopes calculated within 10-16 local groups performed best in two
large-scale experiments, but the choice of which replicate types and dilutions to use, and how to best
separate the experimental layout into local groups varied. For future experiment we recommend
calculating the performance of each of the four ways of estimating calibration slopes and picking
the method which leads to the best performance. This selection of the best method could also be
done for each protein, which we did not do here and might improve calibration performance further.
Using local groups in which samples are grouped by sample type, dilution and if possible, patient,
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with randomization within local groups, also leads to increased reproducibility among samples
located in the same local group, based on the fact that reproducibility is better in small-scale
compared to large-scale experiments.

Because calibration slopes were calculated using replicate samples, and their performance was
also verified using the same replicate samples, simply picking an m that would lead to the greatest
improvement in reproducibility for the same replicate samples was not an option as it would
have led to a form of overfitting. This would have led to improving reproducibility only in the
replicates samples, and possibly worsening the true reproducibility and accuracy of clinical sample
measurements. We therefore took care of estimating calibration slopes with many different local
groups, or using different replicate types and dilutions. The use of validation samples allowed us
to verify that our estimated calibration slopes did not lead to overfitting, and therefore the method
we devised can be trusted to also improve clinical samples reproducibility and accuracy.

While the calibration slopem for each protein is constant above a certain antigen concentration,
it is not constant across the whole range of antigen concentration used in our assays. Using replicate
samples located throughout large-scale experiments allowed us to estimate calibration slopes if the
quantity of antigen measured for a given protein was above the standard curve inflection point and
located in the constant region of m. The fact that we estimated a single value for each protein’s
calibration slope (per calibrant) does not imply that the estimated calibration slope was in region of
antigen concentration where calibration slopes are constant. This highly depended on the antigen
concentration measured in the replicate samples. Calibration would be more accurate if the curve
of m could be estimated throughout the whole range of Ag concentration, including below the
standard curve inflection point. Because overfitting would have to be avoided at each estimation
point of calibration slope curves for every protein, samples with various known concentrations of
all antigens would be required in multiple replicates throughout the experimental layout, potentially
requiring several slides with full standard curves, which would increase reagent costs and decrease
space for clinical samples.

The two large-scale experiments had a number of differences during the execution of the
experimetns and in their layouts. Other than the trehalose coating of slide vs washing slides with
water before drying and dAb spotting, the number of slides were different, the cAb printing buffer
had different concentrations of glycerol (with 45 % giving the least amount of change in the amount
of cAb spotted throughout), they were spotted with different batches of PolyAn 2DAldehyde slides,
which showed different amounts of variability on their surfaces, and the validation samples were
located at different places on the respective experimental slide layouts. Therefore the comparison
of different performance measures in order to evaluate the role of trehalose coating is done with
caution, as the effect of other experimental differences might not be insignificant. However, the
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clear differences in AR and LOD is expected to be explained at least in part by the trehalose coating,
as both these measures directly depend on noise among technical replicate spots.

Using the two large-scale experiments, we calculated the improvement in reproducibility and
well as residual error for validation samples for both experiments. We found that in both cases,
calibration improved reproducibility of replicate samples and also validation samples. Because of
the differences in reproducibility, LOD and AR, trehalose coating as is currently described here
is not recommended for large-scale experiments. To mitigate the potential degradation of some
proteins, we suggest measuring this degradation for each protein, selecting proteins which are most
sensitive to degradation and printing them first, thereby decreasing the amount of time they are left
in the dry state before dAb printing.

Because in fact calibration slopes are not constant throughout the whole range of antigen
concentration measured, AR, QR and LOD, which are affected by lack of reproducibility at the
lower level of antigen concentration, were made worse by our calibration method. However since
our calibration method can improve reproducibility at any level, in theory if one were to use blanks
to calculate calibration slopes, sensitivity could be improved for experiments where it is deemed to
be more important than reproducibility.

4.5 Conclusion

In this study we have addressed sources of variability on two fronts. First by optimizing certain
protocol steps that are a source of variability, such as incubation times and cAb printing buffer.
Second by introducing three new calibrants with an algorithm that combines five individual algo-
rithms and allows the improvement in reproducibility of data after the experiment is performed. We
obtained a 20 % and 30 % improvement in reproducibility in two large-scale experiments, which
is better than the improvement obtained by using the robust linear model method of calibration
[218], which led to a 19 % improvement in reproducibility. The calibration method proposed here
does not assume that systemic sources of variability follow a linear model, since these sources of
variability are in fact rarely linear [249]. From the large-scale experiment without trehalose coating
where 103 proteins were measured in 768 wells located on 48 slides and printing times were 36 h,
a median reproducibility of 26.1 % means that almost half of the 103 proteins measured have a
reproducibility that is below the 25 % reproducibility required for FDA-approval of multiplexed
assays used clinically to determine patient care [250].

In this study we have used replicate samples located on every slide in order to calculate
reproducibility in two large-scale experiments, and similar control samples have only been used
once previously [215]. Because of the importance of reproducibility in measuring and analyzing
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clinical samples, we argue that multiplexed assays that contain replicate samples and from which
reproducibility measures can be calculated for every analyte measured, is a more accurate way to
assess the real reproducibility of assays, rather than performing a small-scale experiment prior to a
large-scale experiment.

Several sources of variability in the ACM protocol were not optimized, nor addressed by
calibrants, and contribute to the remaining variability measured in large-scale experiments. This
includes washing and drying of slides, loading of reagents which were done entirely by hand, and
dAb printing variability for which no calibrant was present. In fact, calibration of variability in dAb
printing would be possible if a target molecule was spotted with the cAb and another fluorescently-
labeled molecule was mixed with the dAb printing buffer to bind the target molecule in a way
that is consistent with the amount of dAb delivered in each spot by printing. Possibly adding
two more molecules to the ACM would however increase its complexity and increase chances of
cross-reactivity, as well as require a scanner that can handle three or more colors. With further
improvements to the assay by the addition of automation for washing, drying and loading of reagents
unto slides, as well as calculating a non-linear calibration slope curve for each protein, even better
reproducibility and sensitivity could be obtained. As seen also in previous studies, reproducibility
is highly variable and depends on the protein measured or the matched antibody pair used [251],
and therefore selection of more reliable antibodies might also help improve reproducibility further.

The methods explained here are not specific to pin printing with a contact microarrayer, and
could be used with an inkjet microarray printer. cAb and dAb printing buffers might have to be
re-optimized, but the use of the three calibrants and experimental layout recommendations are
compatible with inkjet printers. It could also be used for regular MSA assays where dAbs are
mixed rather than spotted, given that cross-reactivity from the mixing of dAbs has been minimized.
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CHAPTER 5

Comparison of microdialysis additives

Preface

Background and objectives

While improving the ACM protocol, we had designed a clinical study which included collecting
microdialysate samples from patients suffering from severe traumatic brain injury. Due to problems
recovering microdialysate from one patient with particularly high intra-cranial pressure, we looked
for additives to put in the perfusion fluid. When we searched the literature, we found that albumin
and dextrans had been used for years to address this issue, but there was no quantitative measure of
leakage into the brain and we were concerned about the safety of the leaked additives for patients,
as well as the effect of the additives on the measurements of proteins.

Therefore the first step was to measure leakage of additives in vitro, and since I was planning to
quantify several proteins in microdialysate samples of patients, we also had to measure the relative
recovery of proteins through the microdialysis membrane. The second part of the study investigated
the effect of the additives on human glial cells, as a first step that should be done in vitro before it is
done in vivo in animals in the future. This would allow a more complete comparison of additives
to the perfusion fluid of cerebral microdialysis, and in the future a standard procedure being agreed
upon by clinicians around the world.
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Challenges and encountered problems

Microdialysis catheters are expensive and while we attempted to optimize the amount of results we
could obtain from a single catheter, we ran out of catheters before the end of our in vitro study. We
had to reach out to scientists across the world to ask for catheters that were still usable, but whose
sterility treatment had expired. We were very lucky to find two clinicians who sent us catheters,
and allowed us to finish our study. Their donation of a catheter each is acknowledged in the chapter.

In order to study the effect of albumin on the U87 cell cultures, which are normally cultured with
10 % fetal bovine serum (FBS, which contains a fetal form of albumin), we attempted to culture the
cells in a serum-free cell media. While there is increasing knowledge about the factors necessary
for the sustenance of immortalized cells in culture, our attempts failed. The minimum amount of
FBS we had to put in the cell media to keep cells alive (but not growing) was 1 %. After months
of attempting to culture the U87 cells in a serum-free medium, we decided to grow cells in 10 %
FBS, and then transfer them to multi-well plates in cell media containing only 1 % FBS, allowing
the cells to survive but not to grow. This was used because we were adding 3.5 % albumin to the
cell culture media, whose effect would have been hidden had we kept cells in media containing
10 % FBS.

Reference

This chapter was written with the intention to submit to the journalMethods in Neuroscience in the
near future.
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Abstract

Cerebral microdialysis is used experimentally to monitor the progression of patients suffering from
various severe brain injuries by indirectly measuring small molecules present in the brain tissue. A
microdialysis catheter with a membrane cut-off of 100 kDa (CMA 71) was commercially produced
to allow monitoring of large molecules such as proteins, however it leads to loss of perfusion
fluid into the brain which can hinder or even prevent measurements. Several additives have been
used to prevent fluid loss, but none were tested thoroughly for their leakage, effect on molecules
measurements and brain cells. Here, we compare three different microdialysis additives (albumin,
low-molecular weight and high-molecular weight dextrans) added to artificial cerebrospinal fluid as
the base perfusion fluid in an in vitro testing environment. We found that all perfusates tested were
stable after 20 minutes of flow, and that fluid recovery was above 100 % for all additives. Albumin
leaked nine times more than high-molecular weight dextran through the membrane, and the leakage
of low-molecular weight dextran resembled that of high-molecular weight dextran after four hours
of perfusion. With respect to the effect of additives on the measurement of small (glucose, lactate,
pyruvate and glutamate) and large (94 proteins measured with the antibody colocalization microar-
ray) molecules, high-molecular weight dextran negatively affected the measurement of glutamate
and a few proteins, whereas low-molecular weight dextran least affected measurements. Relative
recovery of small and large molecules was also measured and again, high-molecular weight dextran
was found to more strongly inhibit molecular diffusion across the membrane. Finally, additives
were added to cell culture media of human glial U87 cells and proteins were measured at several
time points afterwards. High-molecular weight dextranmost strongly affected the profile of proteins
secreted by glial cells, which is important because all additives tested leaked out of the catheter at
various rates. Because all additives tested here leaked through the membrane and affected small
molecules and proteins measurements directly and in glial cell cultures, no recommendation is
made at this time. Instead, further testing is required to conclude about the safety of all additives
in vivo.

Keywords: cerebral microdialysis · albumin · dextran · fluid recovery · relative recovery · leakage
· matrix effect · U87 cells · antibody colocalization microarray
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Abbreviations

ACM Antibody colocalization microarray
aCSF Artificial cerebrospinal fluid
BSA Bovine serum albumin
BCA Bicinchoninic acid
CSF Cerebrospinal fluid
Dextran500 500 kDa dextran
DextranHMW High molecular weight (∼250 kDa) dextran
DextranLMW Low molecular weight (∼75 kDa) dextran
FBS Fetal bovine serum
ICP Intracranial pressure
IF Interstitial fluid
LPS Lipopolysaccharide
pnCSF Pooled normal cerebrospinal fluid
SI Supplementary information
SM Small molecules
sTBI Severe traumatic brain injury

5.1 Introduction

Cerebral microdialysis is a technique by which molecules located in the interstitial fluid of the brain
tissue are sampled by simple diffusion through a membrane inserted in the brain of patients who
have suffered from traumatic brain injury or sub-arachnoid hemmorhage. A microdialysis catheter
with a molecular weight cut-off of 20 kDa (CMA 70) has been used primarily to measure small
molecules such as glucose, lactate, pyruvate, glutamate, urea and glycerol [252] using a commercial
microdialysis analyzer which measures small molecules in parallel from approximately 2 µL per
molecule measured. A microdialysis catheter with a higher molecular weight cut-off (CMA 71:
100 kDa) was developed for the measurement of macromolecules such as proteins, which can be
measured with any platform in a research context.

Because of its larger pores, the high molecular weight cut-off microdialysis probe is subject
to ultra-filtration [19, 21, 25] and regularly leaks liquid to the brain tissue being sampled. In
order to circumvent this problem and restore diffusion-only based sampling, additives such as
albumin and low and high-molecular weight dextrans have been used to increase the perfusion fluid
osmolarity, thereby improving fluid recovery (the volume of microdialysate recovered compared to
the volume of perfusate injected in the microdialysis catheter) and relative recovery of molecules
(the concentration measured in the microdialysate compared to the concentration measured in the
fluid or tissue being sampled). Albumin is a 66.5 kDa protein, generally monomeric, produced in
the liver and accounts for half of the protein weight of plasma. It has been added to the microdialysis
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perfusion fluid in order to improve fluid recovery and relative recovery of proteins [21, 25, 26, 253,
254], but leakage from the microdialysis probe has not been measured quantitatively, and the effect
on small molecules and protein measurements as well as the effect on brain cells have not been
investigated.

Dextrans are long neutral polymers of d-glucose monomers connected by α-1,6 links with
occasional side chains, making up large, branched molecules between 3 and 2000 kDa. It is
naturally produced by several bacteria, notably of the lactobaccilus family, and low-molecular
weight dextrans (40 and 70 kDa) are used clinically to treat hypovolemia in patients due to their
ability to increase plasma osmolarity [255]. Low-molecular weight dextran between 60 and 70 kDa
(DextranLMW) was first used by Rosdahl et al. in 1997 in microdialysis [256], and subsequently
used in several studies to increased fluid recovery in high molecular weight cut-off probes [19, 20,
26, 28, 257]. High (DextranHMW: 250 kDa) and very high (Dextran500: 500 kDa) molecular weight
dextrans were first used in microdialysis by Dahlin et al. in 2010 [258]. A qualitative study showed
that dextrans of low (40 kDa) and high (250 kDa) molecular weights leaked through the 100 kDa
molecular weight cut-off microdialysis membrane [259]. Therefore, Dextran500 was subsequently
used in brain microdialysis of animals [23] and patients [260]. The effect of DextranLMW on the
relative recovery of proteins was measured for a small number (1-10) of proteins [19, 20, 258]
and compared to perfusion fluid containing physiologically relevant concentrations of ions (CNS
perfusion fluid, or artificial cerebrospinal fluid: aCSF). All studies found that while DextranLMW

improved fluid recovery, the relative recovery of most proteins was not improved with this additive.
Quantitative leakage of dextrans, as well as the effect of DextranHMW on the relative recovery of
proteins, have not been measured.

The possible effect of albumin and dextrans on brain cells has not been explored. A single study
qualitatively observed inflammation in rat skin where a high molecular weight cut-off microdialysis
membrane was implanted and perfused with solutions containing different albumins and dextrans
[261]. No study has compared albumin, DextranLMW and HMW together quantitatively.

Here, we compare albumin and dextrans in a series of in vitro experiments in terms of flow
stability, fluid recovery and relative recovery of small molecules and proteins. While leakage
of additives has been mentioned twice previously [19, 258] as a theoretical notion and has been
observed qualitatively [259], it has not yet been measured quantitatively. Wemeasure the leakage of
additives in vitro, and perform a thorough study of the effect of these additives on the measurement
of small molecules and proteins. Finally, we test the effect of additives on brain cells, which is
especially important if additives leak through the microdialysis membrane.
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5.2 Materials and methods

5.2.1 Materials

Sodium chloride, potassium chloride, calcium chloride, magnesium chloride, Tris base, Tris hy-
drochloride, glycerol, sodium fluoride, sodium orthonitrate, phenylmethylsulfonyl fluoride (PMSF)
and protease inhibitor cocktail (#P8340) were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Ethylenediaminetetraacetic acid (EDTA) and nonyl phenoxypolyethoxylethanol (NP-40) were pur-
chased from Thermo Fisher Scientific (Waltham, MA, USA). Artificial CSF (aCSF: 147 mm NaCl,
2.7 mm KCl, 1.2 mm CaCl2 and 0.85 mm MgCL2 prepared in ultra-pure water) was used to dissolve
immunoglobulin (IgG) and protease-free bovine serum albumin (BSA) (Jackson ImmunoResearch,
West Grove, PA, USA), clinical grade low-molecular weight dextran (DextranLMW: 60-90 kDa)
and clinical grade high-molecular weight dextran (DextranHMW: 200-300 kDa) (both dextrans were
purchased from MP Biomedicals, Santa Ana, CA, USA). If not indicated, the additives were added
at concentrations of 3.5 % (w/v) for BSA, and 3 % (w/v) for both dextrans. Liquid density was
≈ 1, 1.01, 1.03 and 1.02 g/mL for aCSF, BSA, DextranLMW and DextranHMW, respectively. For
the measurement of dextrans, pure phenol and sulfuric acid were obtained from Sigma-Aldrich.
The cell culture medium Dulbecco’s Modified Eagle Medium (DMEM), sterile phosphate-buffered
saline (PBS), fetal bovine serum (FBS), lipopolysaccharides (LPS) from Escherichia coli O111:B4
were purchased from Sigma-Aldrich. Penicillin and streptomycin were obtained from Invitro-
gen (Carlsbad, CA, USA). The cell lysis buffer was composed of 20 mm Tris at pH 7.3, 140 mm
NaCl, 10 % glycerol, 1 % NP-40, 2 mm EDTA with 10 mm NaF, 2 mm Na3NO4, 1 mm PMSF
and 1:1000 protease inhibitor cocktail added just before use. PBS 10× solution, goat anti-rabbit
(GAR) AlexaFluor-647 (AF647), GAR-biotinXX, BSA-AF555, goat anti-mouse (GAM) AF647,
streptavidin-AF647 and 4 mm 0.45 µm PVDF syringe filters used to remove debris from detection
antibody solutions were obtained from Thermo Fisher Scientific. Tween-20® was purchased from
Sigma-Aldrich. PBST solution consisted in PBS 1×, 0.05 % Tween-20® in pure water. Slides
washing solution consisted in PBS 1×, 0.1 % Tween-20® in pure water. Capture antibodies, de-
tection antibodies and recombinant proteins for 102 different assays (all proteins listed in appendix
D except FGF-1 due to missing antibodies) were purchased from R&D Systems (Minneapolis,
MN, USA), unless otherwise noted. BDNF, G-CSF, EpCAM, KLK14, FAS, TGF-β2, MCP4, and
Cathepsin B were not measured due to missing spots in multiple samples. Concentrations used for
each antibody and antigen are also listed in appendix D. Pooled normal human lumber cerebrospinal
fluid (pnCSF) was purchased from Gemini Bio-Products (West Sacramento, CA, USA).
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5.2.2 In vitro microdialysis measurements

Flow stabilityAmicrodialysis pump (CMA 107, µdialysis AB, Johanneshov, Sweden) containing a
syringe filled with a perfusion fluid (aCSF, BSA, DextranLMW or DextranHMW) and connected to a
100 kDa high-cut-off brain microdialysis catheter (CMA 71, 30 mm membrane, µdialysis AB) was
used to pump the perfusion fluid into the catheter. The catheter tip was dipped in a microcentrifuge
tube containing 500 µL of aCSF. The microdialysis microvial was located on a tared high-precision
microbalance (XS204 DeltaRange Analytical Balance, Mettler Toledo, Colombus, OH, USA) and
the weight was recorded every minute for 1 h. This experiment was done in triplicate each time
with new catheters.

Fluid recovery and relative recovery of molecules Microdialysis catheters filled with aCSF
and the different additives were dipped into sealed microcentrifuge tubes incubated at 37 ◦C and
containing aCSF, normal pooled human lumbar cerebrospinal fluid (pnCSF, purchased from Gem-
ini Bio-Products, West Sacramento, CA, USA) and a mixture of CMA 600 "Control Elevated"
(µdialysis AB) containing a mixture of glucose, glycerol, glutamate, urea and pyruvate and lactate
diluted 1:2 in aCSF. Catheters were perfused at 0.3 and 1 µL/min and pre-weighed vials were
replaced every hour for three hours, followed by dialysis for three hours. Microcentrifuge tubes
were also replaced at the same time to avoid depletion of molecules and to measure leakage of ad-
ditives. Microvials from perfusion into the small molecule mixture, as well as the original mixture
itself, were analysed for glucose, glutamate, pyruvate and lactate using the CMA 600 microdialysis
analyzer (µdialysis AB). Microvials from perfusion into pnCSF were sealed and frozen at −80 ◦C
for later measurement of proteins using the antibody colocalization microarray (ACM).

Leakage of additives The different additives were measured in the microcentrifuge tubes used
to perfuse the additives solutions through aCSF. BSA was measured by spectrophotometry using
a NanoDrop ND-1000 (Thermo Fisher Scientific) at 280 nm and quantified using a 31-point serial
dilution series of BSA in aCSF with known concentrations (range of 0.01 ppm to 4 %). Samples
from the microcentrifuge tubes containing leaked dextrans were measured by the phenol-sulphuric
acid method [262] with optimized volumes of reagents to maximize sensitivity of the measurement.
In short, 5 µL of the sample was mixed with 20 µL of 5 % phenol in water and 100 µL of pure
sulfuric acid. The mixture was incubated at 55 ◦C for 5 min and promptly measured on the
NanoDrop at 490 nm. The absorbance value was compared to a 31-point serial dilution series of
both DextranLMW and DextranHMW diluted in aCSF with the same concentration as the BSA serial
dilution series described earlier. The limits of detection of the spectrophotometric measurements
of BSA, DextranLMW and DextranHMW were 0.06 %, 0.02 % and 0.03 %, respectively.

Matrix effect of additivesAmixture of small molecules (CMA 600 "Control Normal", µdialysis
AB) was mixed with BSA, DextranLMW and DextranHMW 1:2 diluted in aCSF to give a relatively
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constant concentration of small molecules and increasing concentration of additives from 0.25 to
4 %. These dilutions were performed in triplicate with each additive and aCSF as measurement
control, and the mixtures were frozen at −80 ◦C until they were measured with the microdialysis
analyzer as described above. The experiment was repeated with pnCSF mixed with increasing
concentrations of each additive, and the mixtures were measured with the ACM.

5.2.3 Cell culture

Human U87 cells that were tested to be mycoplasma-free were cultured in DMEMwith the addition
of 10 % sterile-filtered FBS and 100 µg/mL of penicillin and streptomycin. Cells were cultured in
polystyrene flasks and kept at 37 ◦C and 5 % CO2. To test the effect of additives in the cell medium,
cells were trypsinized and 5000-10000 cells were seeded onto 24-well polystyrene plates in the
growth medium described above. Cells were allowed to grow until they reached ∼50 % confluency,
after which medium containing DMEM, 1 % FBS and 100 µg/mL of penicillin and streptomycin
was used. In each 24-well plate at 0, 24, 36, 42 and 46 h, three wells received this FBS-poor medium
with either 3.5 % BSA, 3 % DextranLMW, 3 % DextranHMW, 5 % fresh anonymous whole blood
obtained through finger-prick (BD Microtainer lancet #366593), or 100 ng/mL LPS. Two plates
without cells received the same additives for whole blood and BSA and served as controls. After
48 h the cell culture medium of all wells (including controls which were not exposed to additives)
were collected and frozen at −80 ◦C in microcentrifuge tubes. To lyse cells, cells were washed
3× with sterile PBS, 50 µL of cell lysis buffer was added to each well and the 24-well plates were
incubated for 30 min at 4 ◦C. The mixtures of cells and cell lysis buffer were removed with scraping
to remove attached cells and placed in microcentrifuge tubes. Tubes were centrifuged for 10 min
at 14 000 g. Supernatants were transferred to new tubes and analysed using the bicinchoninic acid
(BCA) protein assay kit (Pierce, now Thermo Fisher Scientific).

5.2.4 Protein measurements

Tomeasure proteins in samples, we fabricated ACMmicroarrays using protocols described in [219]
and chapter 4, but no trehalose coating of slides was performed. In short, PolyAn 2D Aldehyde
micorarray slides (PolyAn GmbH, Berlin, Germany) were placed in a Nanoplotter 2.1 microarrayer
(GeSiMGmbH, Radeberg, Germany) with an addedmicrofabricated collimator (Parallel Synthesis,
Santa Clara, CA, USA) fitted with four custom-made silicon quill pins [154]. Capture antibodies
or GAR-biotinXX (subarray calibrant, at 25 µg/mL) mixed with 20 µg/mL BSA-AF555 (spot
calibrant) and diluted in 45 % glycerol, 0.005 % Tween-20®were printed onto slides as 14 identical
subarrays at 65 % relative humidity and room temperature, in the dark. Following the end of
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printing, slides were allowed to incubate in the chamber for 24 h in the same conditions. Slides
were fitted in 16-well gaskets (ProPlate®, Grace Bio-Labs, Bend, OR, USA), washed for 3× 5 min
with washing solution and blocked with 3 %BSA in PBST for 3 h at room temperature with 450 rpm
rotational shaking. The blocking solution was removed and samples diluted 1:3 or 1:15 as well
as two standard curves (composed of recombinant antigens, except CA15-3 and CEA which were
obtained from cancer patients, at known concentrations serially diluted 1:2.5 13×) were incubated
for 18 h at 4 ◦C with 450 rpm rotational shaking. Slides were washed with washing solution, rinsed
with pure water, blown-dried with a stream of compressed nitrogen and carefully placed within the
Nanoplotter chamber. Detection antibodies (biotinylated or mixed with a AF647-labeled reporter
antibody) solutionsmixed in 45 % glycerol with 1 %BSA and 0.001 %Tween-20®were filtered and
spotted onto the slides at 65 % relative humidity, room temperature in the dark, followed by a 24 h
incubation. Slides were once again fitted onto gaskets, washed as described before and incubated
for 1 h with 0.5 µg/mL streptavidin-AF647 in PBST containing 3 % BSA, at room temperature with
450 rpm rotational shaking. Slides were washed one last time, dried with a compressed nitrogen
stream and scanned with a SureScan Microarray Scanner (Agilent Technologies, Santa Clara, CA,
USA) using two-colors and a resolution of 5 µm per pixel. We used ArrayPro Analyzer 6.31 (Media
Cybernetics, Rockville, MD, USA) to extract raw fluorescence values from images produced by
the scanner.

5.2.5 Statistical Analysis

All data were imported into and analyzed using R [220]. Calibration of the ACM data was based
on chapter 4 with the goal of improving reproducibility or sensitivity as indicated. Reported values
are mean ± standard deviation in graphs and tables. Trends of change in protein measurement with
respect to time or additive concentration calculated with calibrated fluorescence values are reported
as the difference between the mean value and the mean blank value divided by the measurement
range for individual proteins.

5.3 Results

Immunoglobulin G (IgG) and protease-free bovine serum albumin (BSA) was used instead of
human albumin solution because of its wide availability, and clinical-grade DextranLMW and
DextranHMW dextrans in our study. Figure 5.1 shows a schematic of the in vitro setup used.
Small molecules were measured with the CMA microdialysis analyzer while the remaining small
volumes of microdialysate were analyzed using the antibody colocalization microarray (ACM)
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[17], an immunoassay-based, cross-reactivity free antibody microarray that can measure over 100
proteins in a few microliters of samples with good reproducibility and sensitivity (chapter 4).

Additive

Plate control

Human glial cell culturesa

b

pnCSF Mixture of small
molecules

Microdialysis pump

Microdialysis
catheter 100-kDa

cutoff

Microdialsis
vial

c

BSA DextranLMW DextranHMWaCSF

Additives tested

 CMA 107

2, 6, 12, 24, and 48
hours incubation 

Figure 5.1: Testing additives in the cerebral microdialysis perfusion fluid. a A microdialysis
pump connected to a 100-kDa molecular weight cut-off catheter was perfused in a mixture of small
molecules or pooled normal lumbar CSF (pnCSF) and flow stability, fluid recovery, leakage and
relative recovery were measured. Additives in (b) were perfused individually through the catheter
bathing in a tube containing artificial CSF (aCSF), pnCSF or a mixture of small molecules, and
the resulting microdialysate was collected in small microdialysis vials for measurement. b List of
additives added to aCSF used in the microdialysis catheter (a) and used to calculate the possible
interference with the measurement of small molecules and 94 different proteins. c Additives along
with fresh blood and lipopolysaccharide (LPS) were added to 24-well plate containing human glial
(U87) cell cultures at 0, 24, 36, 42 and 46 h to study their effect on the secretion of proteins by the
cells, resulting in exposures to additives of 2, 6, 12, 24 and 48 h. Measurement of cell media with
additives were done in triplicate at 48 h and each plate contained a row of controls.

5.3.1 Effects of additives on physical performance of perfusion

While starting the perfusion of fluids containing the various additives through the catheters, the time
required for the flow to achieve the desired flow rate was measured in the first hour of perfusion.
Within 20 min, all additives and artifical cerebrospinal fluid (aCSF) produced a stable output at a
flow rate of 0.3 µL/min. DextranLMW stabilized a few minutes later than the other additives (figure
5.2a).

Pooled normal lumbar CSF obtained from healthy controls was used to test the fluid recovery
of perfusion fluids containing the different additives, which is defined as the ratio of the volume of
output microdialysate to input perfusate. We chose to perfuse into pnCSF because it is the fluid
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Figure 5.2: Flow stability, additive leakage and fluid recovery of catheters containing ad-
ditives. a Flow rate at the microdialysis catheter tip after starting the pump at a flow rate of
0.3 µL/min when perfusing with aCSF, BSA, DextranLMW or DextranHMW. The red line is a
visual aid that indicates the set flow rate (0.3 µL/min). b Volume of microdialysate recovered
from catheter tips submerged in pnCSF was used to measure fluid recovery and is expressed as
a ratio to the volume of perfusate inputted in the catheter. The red line indicates a 100 % fluid
recovery. c Leakage was measured by perfusing additives into tubes containing aCSF at a flow rate
of 0.3 µL/min. BSA and dextrans reacted with a phenol-sulfuric acid method were detected with
a spectrophotometer.

closest to brain interstitial fluid (IF) in terms of osmolality, as CSF is composed in part of IF in
the normal brain. None of the additives tested lost liquid volume into the tube of pnCSF (figure
5.2b), and for BSA and DextranLMW, fluid recovery was greater at a flow rate of 0.3 µL/min than
1 µL/min, suggesting that fluid exchange at 1 µL/minwas not at equilibrium for these two additives.
When perfusing into aCSF, fluid recovery was greater than 100 % for all additives (figure E.S1)
when compared to pnCSF, which contains proteins and other biomolecules in addition to the small
ions present in aCSF.

Next, the presence of non-labeled additives was measured into tubes containing aCSF that
were perfused for over an hour (figure 5.2c) in order to quantify leakage of additives through the
microdialysis membrane. We used non-labeled additives instead of fluorescently-labeled additives
because of the risk that the fluorescent labels modify the physical property of additives and affect
leakage measurements. All leakage measurements reported here were above the limit of detected
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determined spectrophotometrically using a 31-point standard curve made from the same additives.
While BSA and DextranHMW leaked steadily at rates of 8.6 % and 1.1 % respectively, the leakage of
DextranLMW started out high in the first hour (10.8 %) and progressively decreased until it reached
1.2 %, a level similar to that of DextranHMW.

5.3.2 Relative recovery of molecules

We found that glucose, lactate and pyruvate relative recoveries were not significantly affected by the
presence of additives to the perfusion fluid, with the exception of DextranHMW leading to slightly
higher relative recovery values for all small molecules including glutamate (figure 5.3a-d). In
spite of the high molecular weight cut-off of the membrane and the low flow rate (0.3 µL/min),
the relative recovery of glutamate in the presence of additives were lower than in aCSF: 86.2 %,
67.3 %, 75.4 % and 77.3 % for aCSF, BSA, DextranLMW and DextranHMW, respectively.

To evaluate the potential interference of additives with the quantification of 94 proteins, we used
the ACM to measure microdialysate perfused in pnCSF. Because of the very low concentrations
of most proteins in pnCSF, and the fact that no protein was detected in the microdialysate at a
flow rate of 1 µL/min, we calibrated the ACM data with an improvement in sensitivity (figure
E.S6) to obtain relative recovery measurements for a flow rate of 0.3 µL/min. This is possible
because sensitivity is affected by variability of blank samples measured multiple times in the ACM
experiment. This variability can be improved, and therefore sensitivity increased, by applying the
calibration algorithm developed in chapter 4 using blank samples. This lead to an improvement in
sensitivity from 69.0 to 40.5 pg/mL. All other protein measurements were done with calibration
that improved median reproducibility from 30.9 % to 7.4 %. Details of calibration are found in
the SI in figure E.S2 to table E.S2. Analysis of measurements were done with fluorescence values
because a few samples with high values were not quantified using the standard curves.

The distribution of relative recovery for all proteins measured in microdialysate (figure 5.3e)
shows that more proteins were detected in microdialysate with BSA than aCSF (13 compared to
7). BSA also allowed the detection of more proteins than Dextrans (10 each). When comparing
the relative recovery for three proteins measured in high abundance in pnCSF: TGF-β1 (14 kDa),
CD14 (56 kDa) and IGFBP-7 (29.1 kDa), we found that the median relative recovery in aCSF and
BSA were comparable, DextranLMW was a bit higher than aCSF and BSA, and the median relative
recovery of DextranLMW was the lowest. Since only three proteins had measured relative recovery
values for aCSF and all additives, comparison between the additives is limited. Comparison of
relative recovery values obtained between fluorescence values and quantified values shows a good
correlation close to 1 (figure E.S7).
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Figure 5.3: Effect of additives on relative recovery of small molecules and proteins. Catheters
filled with aCSF or additives were perfused in (a-d) a mixture of small molecules or (e-f) pnCSF
for 3× 1 h. The quantity of a glucose, b lactate, c pyruvate, d glutamate or e-f proteins recovered
in the microdialysate was compared to the measurement of the original solution (mixture of
small molecules or pnCSF) to calculate relative recovery. e shows all values of relative recovery
calculated, whereas f shows the relative recovery of only three proteins abundant in pnCSF for
which a calculated value was calculated for all additives and aCSF (TGF-β1, CD14 and IGFBP-7).
The list of relative recovery values for each protein is found in table E.S3. A red line in a-e is a
visual aid that indicating a relative recovery of 100 %.

To better compare the additives in terms of proteins relative recovery, and using all the measured
values of relative recovery (listed in table E.S3), we derived linear relationships with the estimated
molecular size of proteins (table E.S4) for aCSF and all additives tested (figure 5.4), as done
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previously with small molecules [263]. The recovery of proteins with higher molecular weight was
better with DextranLMW, closely followed by aCSF. Relative recovery appeared to wane at ∼90 kDa
for BSA, while for DextranHMW, the cut-off was closer to 43 kDa. For all additives (but not aCSF),
there appeared to be outliers to the linear relationships, especially proteins with a higher molecular
weight which were recovered in unusually high proportion above the apparent cut-off.
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Figure 5.4: Relationship between protein size and relative recovery. Linear relationship
between the log of relative recovery values and corresponding proteins effective molecular size
which takes protein complexes into account. Linear fits were calculated using median-based linear
regression. Relative recovery values were calculated only for proteins detected in microdialysate,
which roughly corresponds to proteins found in sufficient abundance in pnCSF to allow detection
in microdialysate.

5.3.3 Matrix effect of additives on molecules

Because the relative recovery of molecules can be influenced by the presence of additives in
the sample at the time of measurement (also called matrix effect), we diluted small molecules
and pnCSF in increasing concentrations of BSA, DextranLMW and DextranHMW and compared
the obtained measurements with that of replicate samples of small molecules and pnCSF diluted
in aCSF. The matrix effect of additives on small molecules is shown in figure 5.5a-d. While
measurements of glucose, lactate and pyruvate (figure E.S8 to E.S10) did not suffer from matrix
effect of any of the additives tested (less than 7 % loss), glutamate suffered considerably from
the presence of 3 % BSA (45.4 %) and 3 % DextranHMW (25.7 % loss), but not 3 % DextranLMW

(1.7 % loss). Measurement values for glutamate decreased proportionally with the increase in
concentration of BSA and DextranHMW.

We also measured the matrix effect of additives on the measurement of proteins in pnCSF, using
calibrated fluorescence values. The comparison ofmeasurements obtained fromfluorescence values
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and intrapolated quantities shows that the correlation is good (R2 of 0.655, 0.87 and 0.819) and that
the percentage of the original proteinmeasured obtained by fluorescence values should bemultiplied
by ∼2.5-3× to obtain the percentage of the original protein measured obtained from intrapolated
quantities (figure E.S11). Figure 5.5e shows that while the presence of BSAgenerally does not affect
measurement of proteins using the ACM, both DextranLMW and DextranHMW showed increased
measurements of proteins, perhaps preventing protein from adsorbing into plastic pipette tips and
tubes during processing. Table E.S5 gathers individual values of percent recovery calculated for
the 29 proteins detected in this experiment. When fluorescence values are converted to quantities
using the relationship from figure E.S11, we obtain ranges from 55 to 198 % for BSA, from 27 to
192 % for DextranLMW and from 66 to 348 % for DextranHMW.

5.3.4 Effect of additives on human glial cell cultures

Because all additives tested showed detectable leakage through the high cut-off microdialysis
membrane, we tested the possible effects of additives on U87 cells, originating from a human
glioblastoma developed fromCNS cells [264]. The ACM currently measures a number of cytokines
and chemokines and glia has been shown to secrete a number of them during injury, therefore we
chose these cells as an in vitro model of glia. U87 cells were grown in medium containing 10 %
fetal bovine serum (FBS) and were seeded into 24-well plates in medium containing only 1 % FBS.
Since FBS contains a lot of albumin, we used as little as possible in order not to overly skew the
measurements of the effect of BSA on the cells. This lower concentration of FBS was found to be
the minimal amount of FBS required to keep the U87 cells alive but not growing.

On each plate and at different times, we added 3.5 % BSA, 3 % DextranLMW, 3 % DextranHMW,
5 % fresh human blood obtained through finger-prick or 100 ng/mL lipopolysaccharides (LPS).
One row of each plate did not receive additives and served as a negative control. Two plates that
did not contain U87 cells received fresh blood and BSA and also served as control (figure 5.1).
Since the effective concentration of additives leaked into the brain in an in vivo experiment consists
in a decreasing gradient away from the microdialysis probe [259], we tested the full concentration
of additives that could potentially be present locally and directly outside the microdialysis probe.
We recorded the effect of the presence of additives for 2 to 48 h on the measurement of the 94
proteins in the cell media as an increase (or decrease) in the production of individual proteins
by U87 measured over the 48 h period. As with measurements of relative recovery, changes in
concentrations of proteins with time calculated with fluorescence values and quantified values led to
a 1:1 correlation (figure E.S12). Linear regression parameters in each plate are listed for individual
proteins in tables E.S6 to E.S13.
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Figure 5.5: Matrix effect of additives on glutamate and proteins. Amixture of small molecules
(glucose, lactate, pyruvate and glutamate at concentrations normally found in the brain) (a-c) or
pnCSF (e) were mixed in aCSF containing increasing concentrations of additives. Recovery was
calculated from the ratio of the predicted small molecule concentration at 0 % and 3.5 % (BSA) or
3 % (DextranLMW and DextranHMW). Distribution of recovery for small molecules (d) and proteins
(e) are shown for each additive. Only proteins for which a recovery was calculated with all three
additives and aCSF are shown here. Graphs for glucose, lactate and pyruvate are found in figures
E.S8-E.S10 and the matrix effect of additives on each protein are listed in table E.S5. Linear fits
were calculated using a median-based linear model. The red lines in (d-e) are a visual aid where
100 % indicates no effect of additives on the measurement of a molecule. SM: small molecules.

A total of 51 proteins were detected in sufficient amounts to calculate values of production
increase. A control plate that received no additives but was treated similarly to the other plates
showed differences of up to 14.1 % (mean + 2× standard deviation) when compared to its plate
control, and therefore we identified differences for all additives and their respective controls (plate
controls for DextranLMW, DextranHMW and LPS, as well as plate controls and plate without cells
for fresh blood and BSA) that were above 15 %. Table E.S14 shows a summary of all proteins that
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Table 5.1: List of proteins whose secretion were changed in the presence of additives.
Minimum amount of change recorded is 15 % of range when compared to plate control. Blood
and BSA were also compared to their respective cell-free control. - : change less than 15 % or not
detected.

Protein name None (%) Blood (%) BSA (%) DextranLMW (%) DextranHMW (%) LPS (%)

11 CCL5 - 27.67 - - - -
32 HGF - 61.04 - - 35.88 -
33 HGF-R - - - 24.78 26.5 -
34 HMGB1 23.13 - - - - -
36 ICAM-1 - -19.07 - - - -
38 IGFBP-1 - -26.44 - 19.51 51.35 -
44 IL-18 - - 19.18 - - -
51 IL-6 - -7.24* - - - -
53 IL-8 - - 48.57 - 49.47 -
57 MCP1 - 25.29 - - - -
59 MCP3 - 27.91 - - - -
62 MIP-1α - - - - 29.96 -
63 MIP-1β - 19.15 - - - -
65 MMP-3 - - - 30.74 - -
69 OPN - - 25.78 21.6 25.46 -
81 TGF-β1 - 29.27 - - - -
82 THSB-1 - 22.28 - - - -
88 uPA - - - - 18.42 -
91 VEGF-A - - -17.96 - - -

No Increase 1 8 3 4 7 0
No Decrease 0 3 1 0 0 0

*: Strong peak at 12h followed by decrease.

were detected in the different controls, or were found to be produced or degraded in the presence of
different cells. Eight proteins were detected in all samples of cell media (Ang1, HGF-R, IGFBP-7,
IL-8, MIP-1α, THBS-1, uPA and VEGF-A) and the increase or decrease in levels is compared in
figure E.S13, which shows that the greatest changes in production of proteins appeared in plates
treated with fresh blood and DextranHMW, and to a lesser degree in DextranLMW. However, the
changes in the plate containing DextranLMW is not statistically significant, when compared to whole
blood and DextranHMW (table E.S15).

A total of 19 proteins were found to significantly change and are listed in table 5.1. The plate
that received no additives shows a single protein whose production increase differed with its plate
control (HMGB1) and can be considered an outlier. None of the other plates showed a significant
change in the production increase of this protein. We measured the total cell protein using a
bicinchoninic acid (BCA) protein assay kit and found that while there are differences between the
total cell protein measured, the trends with time were relatively flat (figures E.S14 and E.S15) and
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therefore the BCA data was not used to calibrate protein measurements. Cells treated with fresh
blood show the greatest number of changes in protein production with time (11 proteins). It cannot
be determined if the proteins were secreted by the U87 cells or cells found in the blood, however
the origin of production of these proteins is not important in the context of microdialysis. BSA,
DextranLMW and DextranHMW had an effect on the production of 4, 4 and 7 proteins, respectively.
HGF-R, IGFBP-1 andOPNproduction byU87 cells were increased in the presence of both dextrans,
but the effect was more pronounced with DextranHMW. Considering the increased matrix effect of
DextranHMW on the measurement of proteins with the ACM, it is likely that its effect on the cells is
more considerable than shown here. LPS did not cause any protein to be increased or decreased in
production, and indeed at the concentration used here (100 ng/mL) we did not expect any effect.

5.4 Discussion

All additives performed similarly in terms of flow stability. The period of time required for the
liquid flow rate at the ouptut of the microdialysis catheter to stabilize is longer than the 5 min flush
cycle of 15 µL/min indicated in the pump manufacturer’s datasheet [265]. While it is a shorter
amount of time than the first 1-5 h of microdialysate collection sometimes discarded [26, 253, 266]
due to the micro-trauma of probe insertion that might alter protein measurements [20], many studies
did not discard any of the collected microdialysate [18, 260, 267]. Since the first 20 min of catheter
perfusion exhibits highly variable flow rate, and that proteins relative recoveries are affected by
flow rate, we recommend discarding the microdialysate collected in the first 20 min immediately
after powering the pump.

While albumin and dextrans have been shown to have fluid recoveries far above 100 % in vitro,
they have been extensively shown to regulate fluid recovery closer to 100 % in patients or animals
[20, 28, 256]. Moreover, fluid recovery of albumin has been shown not to vary within a clinically-
significant range of intra-cranial pressure (ICP) of patients suffering from severe traumatic brain
injury (sTBI) [18]. On the other hand, fluid recovery using dextran have been shown to be sensitive
to patients ICP, but not in the presence of a polymer coating which also prevents membrane bio-
fouling [23]. In our in vitro test here where no additional pressure with the use of gravity was
present, all additives tested showed fluid volume recoveries above 100 %, and are expected to also
prevent fluid loss in vivo.

The leakage of additives observed here are consistent with a previous study that used fluo-
rescence microscopy to qualitatively observe leakage, which showed that dextrans of size 40 and
250 kDa both leaked, but not dextran of size 500 kDa [259]. We noted that the measurements in this
study were performed for no longer than 6.5 min, and therefore a change in DextranLMW leakage
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was not observed. BSA along with DextranLMW and Dextran500 were also tested as additives to
microdialysis in rat skin tissue. In this study, DextranLMW was found to leak and produced a strong
local inflammatory response, while Dextran500 did not. When combined, these studies suggest
that Dextran500 is too large to leak through the 100 kDa microdialysis membrane [261], but does
not preclude a possible effect on rat skin. At this time it is unknown what caused the decrease
in leakage observed for DextranLMW, however it might be due to a phenomenon similar to the
membrane biofouling seen with proteins [268] which causes widespread occlusion and narrowing
of pores of microdialysis catheters.

As expected, relative recovery of both small molecules and proteins were higher at the lower
(0.3 µL/min) than the higher (1 µL/min) flow rates. The full relative recovery of small molecules
was not achieved here at 0.3 µL/min, which is consistent with Rosdahl et al. who found that a
flow rate of 0.15 µL/min is required for small molecules to be recovered at or close to 100 % [28].
All measures of relative recovery for proteins are low, most of them being lower than 25 %, which
is consistent with other studies [269]. Contrary to studies which observed an increase in relative
recovery of proteins using albumin [21, 25, 254], we found only a small increase compared to
aCSF. Our results for DextranLMW and DextranHMW are surprising because the lower molecular
weight dextran appears to improve the relative recovery of proteins, while the higher molecular
weight dextran appears to impede it, which is not a graded effect compared to aCSF. However other
studies have found that DextranLMW both increases [26, 257] or slightly decreases [20] relative
recoveries of different proteins, and therefore our results are consistent with the literature. We
found no studies that found improvements in relative recovery with DextranHMW when compared
to aCSF or equivalent solution devoid of colloids. It is also important to note that the effect of
additives on proteins measurements (matrix effect) can in part explain the difference in relative
recovery measurement of individual proteins.

We measured the effect of additives on the measurement of small molecules, and found that
glutamate concentration was significantly lower when BSA or DextranHMW was added to the
perfusion fluid. Strangely this was not the case when DextranLMW was added to the perfusion fluid.
This effect on the measurement of glutamate should be taken into consideration when comparing
the cut-off or normal values of glutamate in clinical samples from sTBI patients. Values of recovery
for proteins in the presence of additives that are above than 100 % are not of concern even if they are
possibly overestimated as might be the case for SPARC, for which we measured a 348 % recovery
in DextranHMW. Values of recovery that are significantly below 100 % are of concern especially
if the measurement in aCSF would be close to the limit of detection of the assay. Assays in
which the microdialysate is diluted in buffer are less likely to suffer from matrix effect due to the
presence of additives, which are also diluted. Indeed, a previous study measured the matrix effect
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of DextranLMW on proteins using a bead-based multiplexed assay and measured on average no
more than 5-10 % of difference between samples with and without DextranLMW [20]. The samples
used in this study were diluted in the bead assay, explaining the lack of effect of DextranLMW on
the measurement of proteins. On the other hand, samples were measured here without dilution to
observe the true matrix effect of additives to the microdialysis perfusion fluid. This is also the case
for small molecules measured by the CMA microdialysis analyzer, which uses a few microliters
of pure microdialysate to measure small molecules in parallel. Apparent decrease in the amount
of small molecules or protein measured when additives are present in the microdialysate can be
acceptable if the assay used to measure them is sensitive enough, and the matrix effect is taken into
consideration when comparing different sample types.

We observed the concentration change of 51 proteins in the cell culture media of U87 cells
in which BSA, DextranLMW and DextranHMW were added, in addition to fresh blood and LPS as
positive and negative controls, respectively. We detected 13 proteins that appeared to be produced
by the U87 cells in the absence of any additives, all of which have been reported before (see table
E.S14). LPS did not lead to any change in protein levels, which is consistent with another study
which found no activation of U87 cells when stimulated with the concentration of LPS used here
[270]. On the other hand, adding fresh blood to cell culture media was expected to induce a lot
of changes in protein production, as was observed here. The results shown here for fresh blood
have meaning in the context of the insertion of the microdialysis catheter in brain tissue, which can
result in micro-bleeds [266], as well as in the context of brain injuries where bleeding can occur.

IL-1β is one of the first cytokine released in the inflammatory cascade response of the brain
[27]. It was used in a previous study to stimulate U87 cells and investigate their specific response
to inflammation [271]. Interestingly, five out of the eight proteins measured here in all cell
media samples were found to be secreted by IL-1β-stimulated U87 cells in this study: IL-8, MIP-
1α, IGFBP-7, THBS-1 and VEGF-A. These findings suggest that U87 cells kept in cell media
containing only 1 % FBS are in a state of inflammation.

When looking at the effect of additives on the U87 cells, the amount of leakage needs to be
considered. Since BSA leaked the most, the effect of BSA as additive is likely to be the most severe
compared to both dextrans. A study found that serum albumin as additive to microdialysis did not
trigger an inflammatory response in histological sections of rat skin, beyond the skin’s reaction
to the presence of the microdialysis probe itself [261]. The concentration of albumine in human
subcutaneous tissue interstitial fluid was found to be 29.2 g/L [272] and therefore leakage of rat
serum albumin in the skin tissue would not be expected to provoke an inflammatory reaction due to
its already high concentration in the IF. On the other hand, the concentration of albumin in healthy
brain tissue is approximately 50 mg/L, while in plasma, it is normally 35-50 g/L. Therefore
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8.6 % leakage of a solution of 3.5 % albumin could lead to a concentration of 3.01 g/L in the
brain immediately surrounding the microdialysis probe, which is ∼60× higher than the normal
concentration of albumin. While these calculations are a gross approximation, the combination
with the increases in protein production seen in our in vitro model suggests that the presence of
albumin as an additive to brain microdialysis might affect subsequent protein measurements as
well as affect cells in the immediate vicinity of the microdialysis probe. The study by Keeler et al.
reporting the effect of dextrans on the inflammatory response of rat skin also found that DextranLMW

provoked a strong inflammatory response, presumably from its leakage through the microdialysis
membrane, while Dextran500 did not [261]. This is presumably due to the absence of leakage rather
than an absence of effect on cells, as DextranHMW caused more changes in protein production than
DextranLMW in our in vitro model of glia. Our results show that any leaked additives to the brain
tissue during cerebral microdialysis has the potential to negatively affect cells in the vicinity of the
microdialysis cathether.

Table 5.2 shows a summary of the comparison of BSA, DextranLMW and DextranHMW. All
additives performed similarly in terms of flow stability and fluid recovery. BSA was shown to
leak significantly, while DextranHMW leaked much less. DextranLMW was shown to have an initial
leakage greater than BSA, which quickly decreased to the level of DextranHMW within four hours. In
terms of small molecules relative recovery, DextranHMW performed marginally better than BSA or
DextranLMW, however the high-molecular weight cut-off microdialysis probe is used primarily for
the measurement of proteins, where DextranLMW performed better than the other additives. When
studying the effect of additives on the measurement of small molecules and proteins, all additives
showed a trend of improving measurements, although there was a lot of variability. Finally, all
additives were shown to have an effect on the rate of production of proteins in U87 cells, with
DextranHMW showing the greatest effects on cells.

Table 5.2: Summary of additives properties. Performance is shown as very good (+++), good
(++), acceptable (+) or not good (-). SM: small molecules.

BSA DextranLMW DextranHMW

1. Flow stability +++ +++ +++
2. Fluid recovery +++ +++ +++
3. Leakage - + ++
4. Relative recovery (SM) + + ++
5. Relative recovery (proteins) + ++ -
6. Matrix effect + + +
7. Effect on cultured glial cells + + -
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In light of the possible allergic or anaphylactic reaction of some patients to dextran solutions
[273], a dextran with higher molecular weight of 500 kDa has recently been used in cerebral
microdialysis of patients using the CMA 71 [23, 260] because it was shown not to leak through
the microdialysis membrane. At the time of performing experiments in the study presented here, a
clinical grade version of Dextran500 was not available in Canada. If we extend results obtained here
for DextranHMW (200-300 kDa), we presume that the effect of Dextran500 on the measurement of
glutamate might be even greater than that of DextranHMW, and that the relative recovery of proteins
might also be worse, since for these two measures DextranLMW performed better than DextranHMW.
However, the coating of microdialysis probes perfused with Dextran500 with Pluronic F-127® has
been shown to improve relative recovery of proteins by preventing biofouling, and the stability
of fluid recovery in response to changes in patients brain ICP [23]. Adding heparin-coated gold
nanoparticle to the microdialysis perfusion fluid could also enhance protein relative recovery [24].

5.5 Conclusion

The CMA 71, a high molecular weight cut-off cerebral microdialysis probe, has already proven to
be a very powerful tool for monitoring the local inflammatory response of injured brains in animals
models as well as human patients. We have shown that additives to the perfusion fluid, added to
prevent ultra-filtration and loss of microdialysate, can leak through the membrane at different rates
and affect measurements of small molecules and several proteins. We have also shown that a cell
culture model of glial cells are affected by the presence of albumin and dextrans by measuring 94
proteins secreted by the cells in response to the presence of additives.

Therefore, while microdialysis for tissues other than the brain might safely benefit from the
addition of human albumin, this might not be the case for brain microdialysis because of the very
low endogenous concentration of albumin in the brain, and remains to be tested in vivo. Although
it is used in the clinic, dextrans might also not be safe when leaked in the human brain tissue.
Therefore improvements are still needed to optimize protein measurements with the CMA 71, more
specifically to improve the relative recovery of proteins. More in-depth studies should be performed
to measure the exact leakage of additives over longer periods of time, since in the clinic samples
are collected from microdialysis catheters for up to 10 days. Finally, the safety of the different
additives should be verified in vivo in brains of animal model organisms such as the pig.

Supporting Information

Additional information as noted in the text. This material is available in appendix E. Graphs of the
matrix effect of additives on individual protein measurements are found in appendix G. Graphs of
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the effect of additives and controls on the measurement of individual proteins in the cell culture
media of U87 cells can be found in appendix H.
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CHAPTER 6

Potential biomarkers in TBI patients

Preface

Background and objectives

Once the ACM platform had improved reproducibility and sensitivity, and that the relative recovery
of proteins in cerebral microdialysis was measured, analysis of the time course data from micro-
dialysate, cerebrospinal fluid and blood samples of severe traumatic brain injury (TBI) patients,
and blood samples of mild TBI patients could finally be performed.

Since we knew that some proteins are best measured in plasma or serum, but did not know
which sample type to use for which protein, we measured all proteins in both sample types for all
patients, and determined which to use for the analysis afterwards. To achieve this, we performed
a mini-study of the effect of blood sample collection tubes and pre-processing waiting time and
temperature on the initial value and stability of all proteins measured on the ACM.

The "holy grail" of TBI biomarkers are proteins which are produced exclusively in the brain and
detected in very small quantities in the blood of patients, because it would offer a perfect specificity
for TBI and the sensitivity would be related to the sensitivity of the technique used to detect this
protein. Unfortunately while many potential biomarkers appear to be specific to the brain, most of
them have been shown to be also produced elsewhere in the body. The reason why we measured
proteins in microdialysate, cerebrospinal fluid and blood of severe TBI patients was to offer insights
into the site of production of the proteins detected inmicrodialysate samples, evenwhen proteins are
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potentially also produced elsewhere in the body. Finally, with a complex data set of 103 proteins in
8 severe TBI, 6 mild TBI and one trauma patients, we sought to descriptively identify potential new
biomarkers of injury severity, development of secondary injury and outcome. Another objective
was to help increase the understanding of injury and repair mechanisms by presenting time course
data for each protein and each patient, which can be freely examined by researchers in the scientific
community.

Challenges and encountered problems

Recruiting severe TBI patients was the most difficult part of this study. In order to insert the
cerebral microdialysis catheter, it was sometimes necessary for these severely injured patients to
undergo surgery within the first few hours after their injury. This often did not leave a lot of time
to identify unconscious patients, contact their families and obtain their consent. Therefore a lot of
patients that fulfilled the inclusion criteria were not included in the study because consent could
not be obtained. Patients also suffered from various different types and combinations of injuries,
and it was not possible to group patients by injury type, which in a larger population would have
led to a better and more precise analysis of protein patterns.

The time course data obtained in each bodily fluid and in each patient for 103 proteins was
very interesting, and choosing the best way to analyze this data was challenging because of the
amount of data and the many possible methods with which the data can be analyzed, each with
advantages and disadvantages. When determining the origin of production of proteins, I chose to
compare the mean of the 6 or 12 time points for each bodily fluid in each patient. However to
determine potential biomarkers of injury severity, outcome and prediction of secondary injury, a
descriptive method was chosen over a statistical method because of the low number of patients.
This method allowed for a better overview of the trends obtained in patients, which might not have
been selected using a statistical approach which unfortunately involves cut-offs and can sometimes
miss interesting trends.

Reference

This chapter was written with the intention to submit to the journal Journal of Neurotrauma in the
near future.
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Abstract

Clinical diagnosis, management and prognosis of traumatic brain injury (TBI) has changed very
little in the past 20-30 years, and is at times difficult and inaccurate. There is a clinical need
to 1) correctly classify patients with possible TBI in order to best determine treatment and level
of monitoring, 2) predict outcome and 3) predict the possible development of secondary injuries
especially in patients with severe TBI. There is increasing interest in developing accurate and min-
imally invasive blood tests using protein biomarkers, but which proteins to measure, from which
body fluid, and how soon after injury, is largely unknown. In this study we aim to find potential
biomarkers of injury severity, outcome and secondary injury. To achieve this, we measured 103
proteins in microdialysate, cerebrospinal fluid and blood samples of eight patients with severe TBI,
and blood samples of six patients with mild complex and simple TBI, every 12 hours (every hour
for microdialysate) for the first three days following their injury. We propose a way to determine the
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origin of production of proteins detected in the microdialysate of severe TBI patients by comparing
the levels of proteins found in microdialysate, cerebrospinal fluid and blood samples. We found 14
proteins detected in the microdialysate samples that showed strong evidence of being produced by
the brain, and 30 proteins that showed little evidence of being produced by the brain. We used this
information to make a list of 16 different potential biomarkers of injury severity (of severe and mild
TBI) using data from both severe and mild TBI patients. We found 16 potential protein biomarkers
of secondary injury in severe TBI, 15 potential biomarkers of outcome in severe TBI and ten in
mild TBI. Four of these proteins were different between severe and mild TBI patients with good
and bad outcome (FGFb, HMGB1, IL-1β, S100B). When taken together, there is a potential for
these biomarkers to better classify TBI severity, predict secondary injury and outcome in patients,
which remains to be confirmed in larger-scale studies.

Keywords: traumatic brain injury · microdialysis · proteomics · brain-produced proteins · pre-
analytical variables
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Abbreviations

ACM Antibody colocalization microarray
Alg Algorithm
Amp. Amplitude
CSF Cerebrospinal fluid
CTAD Citrate-theophylline, adenosine, dipyridamole
CV Coefficient of variation (%)
Dx Diagnosis
EDTA Ethylenediamine tetraacetic acid
ELISA Enzyme-linked immunosorbent assay
EVD Extra-ventricular drain
GCS Glasgow coma scale
GOS-E Extended Glasgow outcome scale
ICP Intra-cranial pressure
ISS Injury severity scale
LOD Limit of detection
LPR Lactate to pyruvate ratio
MD Microdialysis
mTBI Mild traumatic brain injury
mTBIC Mild complex traumatic brain injury
mTBIS Mild simple traumatic brain injury
pnBlood Pooled normal blood (serum or EDTA plasma)
pnCitrate Pooled normal Citrate plasma
pnCSF Pooled normal cerebrospinal fluid
pnCTAD Pooled normal CTAD plasma
pnEDTA Pooled normal EDTA plasma
pnHeparin Pooled normal heparin plasma
pnSerum Pooled normal serum
PRA Peak and ratio analysis
SI Supplementary Information
sTBI Severe traumatic brain injury

6.1 Introduction

Traumatic brain injury (TBI) is one of the leading causes of death and disability in young adults,
affecting as much as 10 million people per year worldwide and the incidence is predicted to increase
in the future [3, 274]. TBIs can have long-lasting effects such as disability, but also links to early-
onset dementia, Alzheimer’s disease and Parkinson’s disease are beginning to be discovered [13,
15, 275].

TBI is currently diagnosed with CT scans, clinical evaluation of the patient and self-reported
symptoms. While diagnosing severe TBI (sTBI) is usually not a problem, mild TBI (mTBI) is
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more difficult to diagnose and lesions are visible on computed tomography (CT) scans in only
10-15 % of cases [276]. Stratification of patients is based on the Glasgow Coma Scale (GCS)
where patients with GCS of 12-15 are considered to have mild TBI, and patients with GCS of
8 or below are considered to have sTBI. Patients with GCS of 9-11 are classified as having
moderate TBI. Penetrating injuries and intracranial bleeding that are sometimes present in sTBI
require immediate neurosurgical intervention. However, treatment of other injury types such as
contusions, micro-bleeds and diffuse axonal injury consists in assisting the recovery of patients and
preventing complications, especially secondary injury which leads to brain edema, high intracranial
pressure (ICP) and cerebral hypoperfusion in sTBI patients and leads to death in ∼50 % of patients
[277]. Despite this classification based on initial consciousness level, patients with sTBI can fully
recovery even with the presence of secondary injuries and high ICP, while mTBI patients can suffer
from permanent post-concussive syndrome and disability.

Therefore there is a clinical need for non-invasive biomarkers of TBI severity, outcome and to
predict secondary injury [278, 279], such as is now the case for diagnosing myocardial infarction
with a troponin blood test, which has greatly improved clinical management of patients with acute
heart distress [280]. In spite of increased interest in finding biomarkers for TBI, none have yet been
validated to the point of being used in clinical practice. S100B, GFAP, NSE, NF-L, UCHL1, tau
and others have been well tested [281], but none were found to be specific or sensitive enough to
be widely used in the clinic [282].

While most studies investigating potential biomarkers of TBI severity or diagnosis perform
protein measurements in sTBI or mTBI patients separately, a few have performed measurements on
both the patients suffering from the full spectrum of TBI severity [95, 137, 283–286]. This strategy
allows the identification of molecules whose presence is specific to the more severe cases of TBI,
while other molecules were identified that were specific to TBI regardless of severity, compared to
normal controls.

Two strategies exist for finding potential biomarkers, using non-targeted and targeted ap-
proaches. The non-targeted approach is to use mass spectrometry to measure all proteins present
in a given sample, thereby bypassing the need for less than perfect antibodies. This method has
identified hundreds of potential biomarkers [126], however because of the bias towards mid- to
high-abundance proteins, no biomarkers currently approved by the FDA have ever been identified
using this technique [287]. Another non-targeted approach used phage display technology to iden-
tify GFAP in blood samples of mice subjected to TBI [288]. The targeted approach uses previous
knowledge to identify potential targets and measure them using immunoassay-based techniques
or targeted MS measurements (SRM-MS). Studies measuring one up to a few proteins in human
TBI samples [26, 289–291] have increased the knowledge on molecular mechanisms of injury
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and repair, but fail to grasp the bigger picture. Recently, the use of multiplex bead assays that
measure from 21 to 143 proteins have helped gain a better understanding of the complex molec-
ular mechanisms present in TBI [18, 77, 81, 85, 86, 88, 89, 260]. While the targeted approach
uses platforms with very good sensitivity to measure low-abundance proteins, there is a potential
to "miss" valuable information by not measuring enough proteins or proteins only known to be
involved in TBI [292]. The antibody colocalization microarray (ACM) is a cross-reactivity free,
immunoassay-based platform that can currently measure up to 104 proteins in hundreds of samples
([17] and chapter 4), 11 of which have never been measured before in TBI samples to the best of
our knowledge. Any matched antibody pair can easily be added to the platform, making it more
versatile than multiplex bead arrays. Recently, proximity elongation assays (PEA) have also been
used to investigate 92 proteins in TBI samples, circumventing cross-reactivity by physically link-
ing matched antibody pairs onto beads [84]. The targeted approach therefore benefits from using
platforms that can accurately measure hundreds of proteins in single samples, with good sensitivity
and reproducibility, effectively helping to better understand the complex molecular mechanisms of
injury and repair by grasping a fuller picture of individual patients.

Three important points to consider in the design of studies are the choice of bodily fluid from
which to measure proteins, the type of blood sample to use if measuring blood, and the time points
at which samples should be collected. In all patients, blood samples are obtained quickly and non-
invasively. For sTBI patients who are at risk of developing brain edema, ventricular cerebrospinal
fluid (CSF) can be available when it is drained, as well as brain microdialysis, a method that allows
indirect sampling of small and large molecules present in the interstitial fluid of the brain tissue.
Proteins measured in microdialysate samples are thought to be produced by the brain, although in
sTBI the presence of blood-brain barrier disruption can allow proteins to pass from the blood to the
brain tissue, while other proteins produced elsewhere in the body can be found in smaller quantities
in the brain tissue of normal individuals, such as albumin. A challenge posed by microdialysate
sampling is the very low sample volume (∼20 µL) and the very low concentration of proteins in
samples. Proteins measured in CSF are thought to better reflect the status of the brain than blood,
while proteins measured in blood can originate from anywhere in the body. Because of these
differences, studies have compared proteins measured in microdialysate and blood [18, 72] or CSF
and blood [293–305]. Studies investigated a small number of molecules such as IL-6 [306], 17
cytokines and matrix metalloproteinases [73, 74] or prostaglandins [307] in the three types of
samples together and found that a majority of molecules were produced in the brain in TBI patients.
Pharmacology studies on animals have measured small and large molecules in microdialysate,
CSF and blood concurrently, and these studies have shown that molecules injected in the blood are
generally detected in the brain tissue, albeit in varying proportion, proving that even large molecules
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such as antibodies measured by microdialysis can have their origin elsewhere in the body [308].
The second point of consideration when measuring multiple proteins per sample is the question

of which blood sample type to use. It is widely known that measuring proteins in serum and
plasma can lead to different values. This can be due to a proportion of the protein measured being
sequestered with the blood clot in serum samples [309–311], or this difference can be due to a
different sources of the protein being measured [312–314]. An example is BDNF which is released
by platelets upon blood clotting in serum, while levels measured in plasma is thought to more
closely resemble levels present in the blood circulation [315]. On the other hand some proteins
can degrade more quickly in plasma containing EDTA as anticoagulant, as is the case for BDNF
[316]. Kaisar et al. reported significant degradation of 4 % of total proteins detected in EDTA
plasma samples awaiting centrifugation and processing using mass spectrometry [317]. Therefore
it is important that proteins are measured in conditions that best preserves proteins and accurately
reflects levels in the blood circulation of patients, rather than levels measured from the release
of blood cells during sample collection. Although the Human Proteome Organization (HUPO)
recommends measuring proteins from EDTA plasma [119], there does not seem to be a single ideal
blood collection tube that best preserves all proteins present and accurately reflect levels found in
the blood circulation of patients.

Finally the question of when and how often to collect samples from patients is also crucial,
as proteins levels have been shown to be dynamic, with GFAP and S100B having a delayed
appearance in blood samples [276], whereas many proteins peak in the first 24 h after TBI injury
in microdialysate samples [18, 299]. Time course measurements of proteins is the only way to
capture the full dynamic of proteins levels in all bodily fluids.

Here, we measure 100 proteins in microdialysate, CSF, serum and EDTA plasma samples of
sTBI patients over a course of 72 h starting within 24 h after their injury, in order to both increase the
understanding of themolecularmechanisms of injury and repair and to identify the origin of proteins
measured. We also measure 100 proteins in serum, EDTA and CTAD plasma samples of mTBI
patients and a non-TBI trauma patient in a similar time course. We use stability measurements from
two healthy volunteers to identify which blood sample type to analyze for each protein. We compare
the levels of proteins in microdialysate, CSF and blood samples of sTBI patients to determine the
origin of production of proteins detected in microdialysate samples, adding precious information
about proteins identified as potential biomarkers of TBI severity, development of secondary injuries
in sTBI patients, and outcome in both sTBI and mTBI patients.
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6.2 Materials and Methods

6.2.1 Materials

Phosphate-buffered saline (PBS) 10× solution and glycerol were purchased from Fisher Scientific
(Hampton, NH, USA). Trehalose and Tween-20® were obtained from Sigma-Aldrich (St. Louis,
MO, USA). Protease-free, IgG-free bovine serum albumin (BSA) was obtained from Jackson
ImmunoResearch Laboratories (West Grove, PA, USA). BSA Alexa Fluor 555 (AF555), goat anti-
rabbit (GAR)-AF647, goat anti-mouse (GAM) AF647, GAR-biotinXX (where XX are two random
amino acid spacers betweenGAR and biotin), streptavidin-AF647 and 4 mm 0.45 µm PVDF syringe
filters were purchased from Thermo Fisher Scientific (Waltham, MA, USA). PBST incubation
solution consisted in PBS 1×, 0.05 % Tween-20® in pure water. Slides washing solution was
prepared similarly but contained 0.1 % Tween-20®. Serum (BD Vacutainer #367815), K2EDTA
(BD Vacutainer #367863), lithium heparin (BD Vacutainer #367886), citrate (BD Vacutainer
#369714) and CTAD (BD Vacutainer #367599) blood collection tubes were obtained from Becton,
Dickinson and Company (Franklin Lakes, NJ, USA). Capture and detection antibodies as well as
recombinant antigens to measure 103 different proteins (listed in appendix D) were purchased from
R&D Systems (Minneapolis, MN, USA), unless otherwise noted. FAS-L, IL-2 and VEGFR2 were
not measured in the sTBI experiment, and IL-6, SCGN and FGF-1 were not measured in the mTBI
experiment due to missing antibodies or spots. Furthermore, β-NGF was not analysed in the study
of effects of pre-analytical variables on the stability of proteins due to spots missing in multiple
samples. Pooled normal human lumbar cerebrospinal fluid (pnCSF) was purchased from Gemini
Bio-Products (West Sacramento, CA, USA). Pooled normal serum , plasma EDTA, CTAD, citrate
and heparin plasma were made in-house with a minimum of 10 adult healthy anonymous volunteers
as described in chapter 4.

6.2.2 Traumatic brain injury patients recruitment and sample collection

Severe TBI patients

Patients admitted at the Montreal General Hospital, a supraregional level 1 trauma center, with
a diagnosis of severe TBI and requiring the insertion of an extra-ventricular drain (EVD) were
considered for this study. Recruitment was prospective and occurred between July 2009 and
October 2011. Consent for the insertion of a microdialysis probe was obtained prior to the insertion
of clinically-required EVD, from patients’ legal representatives, as all were in a comatose state and
were unable to provide consent. A full informed consent was later sought for participants who
regained their ability to consent. All participants were treated using standard care practices. Criteria
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for selecting patients for an EVD insertion were in accordance with the guidelines [318] at the time
of patient recruitment. Amicrodialysis (CMA 71, 30mm highmolecular weight cut-offmembrane)
catheter (µdialysis AB, Johanneshov, Sweden) was inserted in the right frontal lobe white matter
via a twist-drill burr hole at the same time as the EVD as described in [319], secured with sutures to
the patient’s skin and attached to a microdialysis pump (CMA 107, µdialysis AB) filled with sterile
perfusion fluid (Perfusion Fluid CNS, µdialysis AB). Catheter placement was verified by computed
tomography. Perfusion fluid was injected at 0.3 µL/mL and the microdialysate collected every hour
for 72 h in microdialysis vials (#P000001, µdialysis AB) situated at the level of the patient’s head.
Vials were immediately put on ice and frozen at −80 ◦C within 12 h of collection. CSF samples
(1 mL, when available) were collected every 12 h from the EVD and processed within 1 h. At the
same time, blood was collected into serum and K2EDTA blood collection tubes through an arterial
line in the radial artery. Serial bodily fluid collection started within 24 hours of injury. Serum tubes
were allowed to clot untouched at room temperature, while EDTA tubes were inverted 8-10× and
stored on ice. Blood collection tubes were centrifuged less than one hour after collection for 10 min
at 1000 g and the resulting serum and plasma along with the CSF were aliquoted into cryo-vials
before storing at −80° for measurement with the ACM.

Mild TBI patients

Patients admitted to the Montreal General Hospital for at least 24 h and diagnosed with mild TBI
(subjects) or trauma without a TBI (control), were eligible for the study. The recruitment was
prospective and occured during the period of January to March 2016. Diagnosis of mild TBI
was confirmed medically and included at least one of the following symptoms: period of loss or
decreased level of consciousness, post-traumatic amnesia, alteration in mental state at the time of
injury, neurological deficits (even transient) or the presence of a traumatic intracranial lesion on
radiological scan [320]. Consent was obtained and serial blood collection started within 24 hours
of injury. Blood was collected (in order) in serum, K2EDTA and CTAD tubes using standard
venipuncture procedures. Serum tubes were allowed to clot at room temperature while plasma
tubes were inverted 8-10× and stored on ice followed by centrifugation at 1000 g for 10 min in less
than one hour. The resulting serum and plasma were transferred to cryo-vials and stored at −80 ◦C
until measurement with the ACM.

Ethics and outcome measures

Both studies were approved by the McGill University Health Centers Institutional Review Board.
For all patients, the following information were collected frommedical records: age, gender, mech-
anism of trauma, medical history, Glasgow Coma Scale (GCS) [2] score upon initial presentation,
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CT scan findings, type of surgical intervention, discharge destination, and functional dependency
at discharge using the Extended Glasgow Outcome Scale (GOS-E) [321]. The GOS-E scale can be
grossly divided as death (1) functionally dependent (≤ 4) and functionally independent (> 4).

6.2.3 Pre-analytical variables samples collection and processing

Blood samples were collected from two healthy anonymous adult males by standard venipuncture
practice using a 23G size needle. Blood was collected (in order) into one partially-filled discard
serum, one citrate, one serum, one lithium heparin, two K2EDTA and two CTAD blood collection
tubes per donor. All tubes were quickly inverted 8-10× and aliquoted in six (12 for EDTA and
CTAD) microcentrifuge tubes containing each 750 µL of whole blood for each blood collection
type. Serum tubes were allowed to clot at room temperature for 15 min before being processed like
the other tubes. Half of themicrocentrifuge tubes were stored on ice, while the other half were left at
room temperature. After 5, 30 and 120 min each, tubes were centrifuged for 10 min at 1000 g. Half
of the EDTA and CTAD plasma from centrifuged tubes were filtered using a sterile 1 mL syringe
fitted with a 0.22 µm sterile 13 mm PVDFmembrane (MilliporeSigma™GVWP01300, Burlington,
MA, USA) to filter out remaining platelets from the plasma. The resulting serum/plasma were
collected from the top of the red blood cells and were aliquoted by 50 µL. Samples were frozen
immediately at −80 ◦C after processing, and were kept until measurement with the ACM.

6.2.4 Small molecules measurements

Microdialysis vials were thawed and kept at 4 ◦C until immediately before analysis to prevent
proteins degradation in the samples. Glucose, lactate, pyruvate and glutamate were measured
using a CMA 600 microdialysis analyzer (µdialysis AB). Remaining microdialysate fluid in vials
was combined to make a pooled sample every 6 h, aliquoted by 20 µL and frozen at −80 ◦C until
measurement with the ACM.

6.2.5 ACM experiments

ACM microarrays were produced using protocols in [219] and chapter 4. In short, GAR-biotinXX
(subarray calibrant, at 25 µg/mL) and capture antibodies from matched ELISA antibody pairs were
mixedwith 50 % (sTBI experiment) or 45 % (mTBI experiment) glycerol and 0.005 %Tween-20® in
PBS 1× spikedwith 20 µg/mL (sTBI experiment) or 10 µg/mL of BSA-AF555 spot calibrant before
being printed on PolyAn 2D Aldehyde microarray slides (PolyAn GmbH, Berlin, Germany) as 16
identical subarrays. Printing was done with a customized Nanoplotter 2.1 microarrayer (GeSiM
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GmbH, Radeberg, Germany) with an added microfabricated collimator (Parallel Synthesis, Santa
Clara, CA, USA) fitted with four custom-made silicon quill pins [154]. Slides were incubated for
24 h following the end of printing, in the nanoplotter chamber with controlled humidity at 65 % RH
and room temperature, in the dark. Slides were fitted onto gaskets (ProPlate®, Grace Bio-Labs,
Bend, OR, USA) that separated subarrays into 16 independent liquid incubation chambers, washed
with PBST and blocked for 3 h using 3 % BSA in PBST. Microdialysate, CSF, serum and plasma
samples were thawed and diluted as indicated with slide washing buffer. Samples were loaded onto
slides as well as three (sTBI experiment) or two (mTBI experiment) standard curves consisting
of a mixture of recombinant antigens (except CA15-3 and CEA, which were antibody-purified
from cancer patients) at known, high concentrations and diluted 15 times in a 1:2.5 serial dilution.
Samples were incubated in the dark at 4 ◦C for a minimum of 18 h on a rotation shaker, before
washing, rinsing in 5 % trehalose (sTBI experiment) or water (mTBI experiment), drying with a
stream of compressed nitrogen and placing back with high precision in the nanoplotter chamber.
Detection antibodies (either biotinylated or mixed with an AF647-labeled reporter antibody) mixed
in 45 % glycerol with 1 % BSA and 0.001 % Tween-20® were printed on top of the capture
antibodies and incubated for 24 h following the end of printing. Slides were fitted into the gaskets,
washed, incubated for 1 h with a solution of Streptavidin-AF647 0.5 µg/mL in PBST with 3 % BSA
at room temperature with rotational shaking, washed and then dried with a stream of compressed
nitrogen and scanned using the SureScan Microarray Scanner (Agilent Technologies, Santa Clara,
CA, USA) using two-colors and a resolution of 5 µm per pixel.

6.2.6 Statistical analysis

Fluorescence values were extracted from the images produced by the scanner and analyzed using
ArrayPro Analyzer 6.31 (Media Cybernetics, Rockville, MD, USA). Fluorescence values were
imported into R [220]. Calibration of data was based on chapter 4 with the goal of improving
reproducibility or sensitivity as indicated. Linear regression of the relative recovery values of
proteins versus their molecular weight was obtained from chapter 5. The R package lme4 [322]
was used for fitting linear mixed effect models to time course data, and package limma [323] was
used for multivariate linear microarray models statistical analyses. Errors reported in graphs and
tables are standard deviations. Groups of values were compared using Student’s t-test or in the case
of a single value compared to a group of values, Student’s t-test with equal variance. Values for a
single time course was considered to have a peak if the highest value was greater than 50 % above
the mean of all values. The mean of values from each time course was considered to be above or
below normal if it varied by more than 30 % from the mean value calculated for pnCSF or pnBlood.
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6.3 Results

6.3.1 Patient characteristics

Serial microdialysate, CSF and blood samples were collected from eight patients suffering from
sTBI for a total of 72 h starting within the first 24 h from injury. All were male between 19 and
83 (mean 45) years old and had an initial GCS between 3 and 14 (median GCS 7). Two patients
were intubated at the time of admission. Five patients developed high intracranial pressure (ICP),
for which two out of the five underwent decompressive surgery. The remaining three were given
intravenous mannitol. Outcome at 6 months ranged from death to complete recovery (GOS-E 1 to
8). Similarly, serial blood samples were also collected from six patients suffering from mTBI (five
with positive CT scan findings) and one non-TBI trauma patient. The six mTBI patients were male,
and the trauma patient was female. The age of mTBI patients ranged from 57 to 91 (mean 70)
years old, while the trauma patient was 66 at the time of injury. A single mTBI patient presented
with an initial GCS of 14, the others had initial GCS of 15. Outcome of mTBI patients ranged
from moderate disability to good recovery (GOS-E 6 to 8). None of the mTBI patients presented
symptoms of high ICP.

Table 6.1: Patient clinical information. GCS: glasgow coma scale (level of consciousness),
ISS: injury severity score, Dx: diagnosis (of TBI severity), sTBI: severe traumatic brain injury,
mTBIC and mTBIS: mild complex or simple traumatic brain injury, respectively, ICP: intracranial
pressure, ICP Tx: treatment for high ICP, 6mo GOS-E: extended glasgow outcome scale at 6
months post-injury.

Patient ID Initial GCS ISS Age Gender Dx ICP ICP Tx 6mo GOS-E

sTBI-001 3 26 25 Male sTBI High Craniectomy day 1 5
sTBI-009 14 35 67 Male sTBI Low - 1
sTBI-010 5T∗ 30 27 Male sTBI High Medical 1
sTBI-011 8 38 57 Male sTBI Low - 8
sTBI-013 3T∗ 43 27 Male sTBI High Medical 2
sTBI-015 8 50 19 Male sTBI High Craniectomy day 2 5
sTBI-016 13 43 57 Male sTBI High Medical 8
sTBI-017 14→ 11→ 7 38 83 Male sTBI Low - 3

mTBI-003 14 30 91 Male mTBIC - - 7
mTBI-004 15 9 61 Male mTBIC - - 6
mTBI-005 15 1 66 Female Trauma - - 8
mTBI-006 15 10 86 Male mTBIC - - 8
mTBI-007 15 10 62 Male mTBIC - - 7
mTBI-008 15 20 57 Male mTBIC - - 8
mTBI-009 15 6 61 Male mTBIS - - 8
*:intubated
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6.3.2 Brain metabolism in sTBI patients

Small molecules involved in brain metabolism (glucose, lactate, glutamate and pyruvate) were
measured in the microdialysate of five sTBI patients for 72 h after catheter insertion. A single
patient had bad dichotomized outcome (vegetative state) whereas other patients had good outcome
(from moderate disability to complete recovery) and all but one patient had high ICP. Figures F.S1
to F.S5 show detailed time course measurements for all molecules measured, and figure 6.1 shows
a statistical summary of the comparison in terms of outcome and secondary injury (high ICP).
On average, mean lactate, lactate to pyruvate ratio were higher than normal values reported from
microdialysate samples in healthy brain tissue [252], while glucose was lower than normal (figure
6.1c). Lactate to pyruvate ratio (LPR) was more elevated in patients suffering from high ICP (figure
F.S5d), although the difference was not statistically significant (p-value 0.183). In the patient with
low ICP, mean glucose was slightly elevated, whereas in all other patients mean glucose was found
in very low concentration (below 2 mm) (figure F.S1a). In terms of outcome, the patient with bad
outcome had a later glucose peak time (>36 h) whereas all others had earlier glucose peak times
(<24 h) (figure F.S1c).

6.3.3 ACM experiments and choice of serum or plasma for each protein

We used the ACM to measure 103 proteins in two separate large-scale experiments, including
low-abundance cytokines, chemokines, proteases, cell adhesion molecules, vascular signaling
molecules, neurotrophin factors and two well-studied potential biomarkers of TBI, S100B and
GFAP. The complete list of proteins is found in chapter 4 and more details can be found in chapter 5
appendices. The first experiment measured microdialysate, CSF, EDTA plasma and serum samples
from sTBI patients, while the second experiment measured serum, EDTA and CTAD plasma from
mTBI patients, as well as different blood samples from two healthy controls that was used to test the
effect of pre-analytical variables on the measurement of proteins. Due to technical difficulties, each
large-scale experiment had final measurements for 100 proteins, with six proteins being measured
in a single large-scale experiment (FAS-L, IL-2 and VEGF-R2 in the mTBI experiment, and IL-6,
SCGN and FGF-1 in the sTBI experiment). Details of the calibration can be found in the SI from
figure F.S6 to table F.S2.

We performed an experiment to study the effect of blood collection tube types (serum, EDTA,
citrate, heparin, CTAD), pre-processing waiting time and temperature and post-processing filtration
to remove platelets on the initial protein measurements of 99 proteins as well as their stability during
a 2 h waiting time before centrifugation. Using this data, we determined the most suitable sample
type (serum or EDTA plasma) for each protein for the analysis of TBI patient samples time courses.
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Figure 6.1: Peak and ratio analysis for small molecules in brain microdialysate of sTBI
patients. Small molecules (G: glucose, L: lactate, P: pyruvate, Glu: glutamate, LPR: lactate to
pyruvate ratio) were measured in the brain microdialysate of sTBI patients. The average (a, d, g)
maximum value in the time course (peak), (b, e, h) time at which the peak occurred and (c, f, i)
average value within time course compared to reported normal microdialysate values are shown.
(a-c) Average of five sTBI patients. (d-f) Difference between patients with good (GOS-E 5-8) and
bad (GOS-E 1-4) outcome. (g-i) Difference between patients with high and low ICP. Stars indicate
a statistically significant difference (p-value < 0.01). The red lines in a, d, g show the threshold for
a profile that is considered to have a peak, rather than being constant. The light red boxes in c, f, i
show the threshold of comparison to the normal measured value.
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Serum was chosen for 46 proteins, and EDTA plasma for 53 proteins based on the lower initial
value that is assumed to reflect the true concentration of protein in the blood and stability during the
2 h waiting time before centrifugation. Initial value and stability measurements was not performed
for IL-6, SCGN, FGF-1 and β-NGF, and EDTA plasma was picked based on the literature. Details
of the effects of pre-analytical variables on the measurement of proteins can be found in the SI from
figure F.S9 to table F.S6.

6.3.4 Evidence for brain production of proteins

All 100 proteins were detected in at least one blood sample of sTBI patients. Thirteen proteins were
not detected in any microdialysate sample, and 26 proteins were not detected in any CSF sample.
We estimated the original concentration of proteins in each sample type, taking into account sample
dilution during measurement and for microdialysate samples, the relative recovery of each protein
based on the regression line obtained for artificial CSF (aCSF) perfusion fluid in a previous study
(chapter 5) (table F.S7). The ratio of estimated original concentration between microdialysate, CSF
and blood samples is shown in figure 6.2. The majority of proteins detected in both microdialysate
and CSF samples were found in higher concentration in microdialysate. Of the 87 proteins detected
in microdialysate samples, 64 had higher concentrations in microdialysate than blood samples.
Similarly, of the 74 proteins detected in CSF, only 11 were found in higher concentration in CSF
than blood.

Comparing the estimated original concentration of each protein in the three different bodily
fluids, 14 proteins were found in highest concentration in microdialysate samples and lowest in
blood samples, which is evidence that these proteins were produced in the brain parenchyma (table
6.2) at the site of microdialysis sampling. A majority of proteins (55) were found in highest
concentration in microdialysate samples, followed by blood and finally in lowest concentration
in CSF, which suggests production in the brain as well as elsewhere in the body, i.e. a mixed
production. A total of 30 proteins were found in highest concentration in the blood in spite of being
detected in microdialysate samples, which suggests that these proteins were produced elsewhere in
the body (systemic). A single protein (Ang1) was found in highest concentration in CSF.

6.3.5 Potential biomarkers of injury severity

We measured samples from multiple patients with sTBI, and mTBI with lesions found by CT scan
(mTBIC), as well as one mTBI patient without lesions found by CT scan (mTBIS) and one patient
who suffered a major trauma but no TBI. Considering that patients in these groups suffer from a
decreasing scale of TBI severity, we compared the levels of each protein among the four groups to
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Figure 6.2: Ratios of proteins between microdialysate, CSF and blood samples of sTBI
patients. Ratios of proteins between a microdialysate and CSF, b microdialysate and blood and c
CSF and blood samples of sTBI patients. Values located in the light red box (gray) are considered
to have similar concentrations, while those above (blue) and below (red) are considered to have
different concentrations. Proteins with names in red were not detected and therefore their levels
were assumed to be equal to that of LOD.
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Table 6.2: List of proteins detected in microdialysate samples produced in the brain and/or
elsewhere in the body. Examination of ratios between microdialysate, CSF and blood samples of
sTBI patients shows evidence of brain production (microdialysate > CSF ≥ blood) or evidence
against brain production (blood > CSF ≥ microdialysate and blood > microdialysate ≥
CSF). All other ratio combinations of proteins detected in microdialysate samples suggests a
mixed production in the brain and also elsewhere in the body. MD: microdialysate.

MD > CSF ≥ Blood MD ≥ Blood > CSF Blood > MD ≥ CSF

G-CSF AFP GM-CSF MMP-3 Amphiregulin PDGF-BB
GRO-α AHSG HE4 MMP-9 BRAF PSA
HER3 ALDH1L1 HMGB1 OPN CEA S100B
IL-15 Ang2 HP PAI-1 c-Kit SCGN
IL-1β BDNF IFN-γ PRL CXCL12 TF
IL-6 BMP2 IGFBP-1 RBP4 EpCAM Tie-2
IL-8 β-NGF IGFBP-3 TGF-α E-selectin uPA
IP-10 CA15-3 IGFBP-7 TGF-β RII GFAP
MCP1 Cathepsin B IL-18 TGF-β1 HAI-1
MCP3 CCL5 IL-1ra TGF-β2 HER2
MIP-1α CD14 IL-4 THSB-1 ICAM-1
SPARC CRP IL-7 TNF-α IL-10
TIMP-1 E-cadherin Leptin TNF-RI IL-12
VEGF-A EGF MCP2 TNF-RII IL-3

EGF-R M-CSF uPA-R IL-5
Endoglin MIG VCAM-1 KLK14
FGF-1 MIP-1β VEGF-D MCP4
FGFb MMP-1 VEGFR3 NCAM-1
Flt-3 NT-3

CSF > MD > Blood CSF > Blood > MD Blood > CSF > MD

none Ang1 FAS
HGF

HGF-R
KLK8
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protein levels measured in the pooled normal replicate serum or plasma samples (pnBlood) made
from healthy controls (see figure 6.3 and tables F.S8 and F.S9). Because only blood samples were
available for the mTBI and trauma patients, and ideally biomarkers of severity injury would be
measured non-invasively as part of the diagnosis of patients presenting with possible TBIs, we only
considered protein measurements in blood.
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Figure 6.3: Ratios of blood samples proteins to pnBlood in sTBI, mTBIC, mTBIS and trauma
patients. Ratios of proteins to pnBlood in the blood samples of a sTBI, b mTBIC, c mTBIS and
d trauma patients compared to levels found in normal controls (pnBlood). Values located in the
box (gray) are considered to have similar values to pnBlood, while those above (blue) and below
(red) are considered to have values different from pnBlood. Proteins with names in red were not
detected and therefore their levels were assumed to be equal to that of LOD.

A total of 18, 27, 12 and 18 proteins were found in higher concentration in blood samples
of sTBI, mTBIC, mTBIS and trauma patients, respectively, when compared to levels found in the
normal control pnBlood. Similarly, 15, 14, 15 and 11 proteins were found in lower concentration in
the same groups. As mentioned previously, all proteins were detected in at least one blood samples
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of sTBI patients, while 11, 44 and 47 proteins were undetected in any of the mTBIC, mTBIS or
trauma patient blood samples, respectively.

Considering proteins that were elevated in at least 3/7 sTBI patient blood samples, or at least
2/5 mTBIC blood samples, several proteins were identified (table 6.3). Eight proteins were found
to be elevated in sTBI patients blood samples only, one of which has been found to be produced
by the brain in those patients (MCP1). Six proteins were found to be elevated in both sTBI and
mTBIC patients blood samples, one of which was found to be produced in the brain of sTBI patients
(MIP-1α). Two more proteins were unique to mTBIC patients, and five proteins were found to be
elevated only in the mTBIS patient, including S100B and GFAP. Finally, two proteins were found
to be elevated in most patients of all groups (MMP1 and OPN).

Table 6.3: Summary of potential biomarkers of TBI severity from sTBI to mTBI. Proteins
listed were found to be elevated in one or more groups of different TBI severity (combined with
+), and are separated by their presumed origin in sTBI patients. Parentheses note in how many
patients the protein was found to be elevated. Total number of patients in each group is found in
the title of each column.

sTBI (7) +
sTBI (7) + mTBIC (5) +

sTBI (7) + mTBIC (5) + mTBIC (5) + mTBIS (1) +
Origin sTBI (7) mTBIC (5) mTBIS (1) mTBIC (5) mTBIS (1) mTBIS (1) Trauma (1) Trauma (1)

Brain MCP1 (4) MIP-1α (3, 3) none none none none none

Mixed Ang2 (3) HMGB1 (4, 2) none CA15-3 (2) none AFP (1) none MMP1 (3, 3, 1, 1)
BMP2 (5) PAI-1 (4, 2) FGFb (2) ALDH1L1 (1) OPN (7, 2, 1, 1)
MIP-1β (3) TGF-a (3, 2)
BDNF (3) TGF-β RII (3, 2)

Other IL-12 (3) E-selectin (3, 2) none none none GFAP (1) none none
NCAM-1 (3) PDGF-BB (1)

TF (3) S100B (1)

6.3.6 Potential biomarkers of secondary injury in sTBI patients

Five out of eight sTBI patients developed high ICP in less than 48 h after their injury, therefore we
compared proteins in microdialysate, CSF and blood samples whose levels were different between
patients with low and high ICP in at least one bodily fluid (figure 6.4). The single patient with low
ICP who had an microdialysis catheter inserted showed early peaks of MMP-9 and THBS-1 in the
first day, while the level of CD14 was generally higher in microdialysate samples than the levels
seen in patients with high ICP. In CSF, five proteins were found to be different between patients with
high and low ICP. GRO-α and THBS-1 were elevated in patients with low ICP compared to pnCSF
for the entire collection period, while IL-8 increased above the level of pnCSF also in patients with
low ICP after 24 h. On the other hand, MMP-9 was normal compared to pnCSF in patients with low
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ICP, and significantly decreased in patients with high ICP. A single protein (MMP-1) was found to
be elevated in the CSF of patients with high ICP after 36 h. In blood samples, 11 proteins were
found to be elevated in patients with high ICP compared to patients with low ICP. A single protein
was found to be decreased in all sTBI patients (IL-3), however the level was far more decreased
in patients with low ICP than high ICP. Similarly as in CSF, MMP-9 was found to be increased in
patients with low ICP compared to pnBlood and patients with high ICP.

MMP-1 was found to be different in both CSF and blood samples, while MMP-9 was found
to be different in microdialysate, CSF and blood samples. In both cases, the change seen in CSF
was reflected in the blood, but in blood the difference was less pronounced for MMP-9 and more
pronounced for MMP-1 compared to the difference seen in CSF. In contrast, the time course seen
in microdialysate samples for MMP-9 is more complex, with a first increase (peak) in the patient
with high ICP, followed by a decrease, whereas MMP-9 remained higher in patients with high ICP
in CSF and blood.

6.3.7 Potential biomarkers of outcome

In sTBI patients as well as in mTBIC patients, some patients had a bad outcome and others had
a good outcome. Therefore, we performed a similar comparison of protein levels in terms of
dichotomized outcome. Because the outcome of sTBI patients varied from death to complete
recovery, we separated patients in bad (GOS-E 1-4) or good (GOS-E 5-8) outcome categories, and
compared microdialysate, CSF and blood samples. Figure 6.5 shows pronounced differences in
microdialysate samples, with eight proteins being elevated in patients with bad outcome compared
to good outcome. G-CSF, IL-1β, IL-8, MIP-1α and MIP-1β had an early peak during the first 24-
30 h of sample collection, while IGFBP-1, IL-6 and TIMP-1 were increased until ∼68 h in patients
with bad outcome. In CSF samples, three proteins were decreased compared to levels measured
in pnCSF in patients with bad outcome (EGF-R, TIMP-1, and VCAM-1). IL-18 was found to be
above the level of pnCSF in patients with bad outcome, while the level seen in patient with good
outcome was normal. VEGF-A was elevated in all sTBI patients, but it was more so in patients
with bad than good outcome. In blood, only four proteins were found to be different between
patients with good and bad outcome. FGFb was found to be normal in patients with bad outcome,
and decreased in patients with good outcome. HMGB1 and S100B were found to be increased in
patients with bad outcome, and normal in patients with good outcome. The opposite was seen with
TIMP-1, whose levels were slightly decreased during day 2 in patients with bad outcome.

TIMP-1 was different between patients with good and bad outcome in microdialysate, CSF
and blood samples. Surprisingly, the increase seen in microdialysate samples of patients with bad
outcome was the opposite of the decrease seen in the CSF and blood samples of the same patients.
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Figure 6.4: Time courses of potential biomarkers of secondary injury in sTBI patients. 16
potential biomarkers of secondary injury (high ICP) in sTBI patients are shown as average time
profiles in microdialysate (row 1), CSF (rows 2-3) or blood (rows 4-6) samples, in a comparison of
sTBI patients with low and high ICP. Thick yellow and purple lines are the mean value measured
at a given time point for patients with low and high ICP, respectively. Lighter color polygons are
±1 SD. Levels are compared to pnCSF and pnBlood obtained from normal healthy controls. Grey
area is below LOD. Time course and pnBlood values shown are for samples diluted as indicated
on the right, except for MMP-9 in blood which was diluted 1:30. MD: microdialysate.
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Figure 6.5: Time courses of potential biomarkers of outcome in sTBI patients. 15 potential
biomarkers of outcome in sTBI patients are shown as average time profiles in microdialysate (rows
1-2), CSF (rows 3-4) or blood (row 5) samples, in a comparison of sTBI patients with good (GOS-E
≥ 5) and bad (GOS-E < 5) outcome. Thick orange and blue lines are the mean value measured at a
given time point for patients with good and bad outcome, respectively. Lighter color polygons are
±1 SD. Levels are compared to pnCSF and pnBlood obtained from normal healthy controls. Grey
area is below LOD. Time course and pnBlood values shown are for samples diluted as indicated
on the right. MD: microdialysate.
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The differences seen in microdialysate and CSF samples were more pronounced than in blood
samples.

We also compared the levels of proteins in blood samples of mTBIC patients patients with
good and bad outcome. In this case the dichotomized outcome was separated in bad (GOS-E 6-7)
and good (GOS-E 8) outcome, since patients with a single mTBI rarely suffer very bad outcome.
In the patients studied here the worst outcome seen was GOS-E 6. We found 10 proteins that
were different between patients with bad and good outcomes (figure 6.6). In all cases, the level
of proteins measured in patients with bad outcome was similar to the level measured in pnBlood,
while the levels measured in patients with good outcome was markedly lower. The difference seen
in E-selectin, GFAP, IL-1ra, IL-5 and S100B was more pronounced after 24 h.
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Figure 6.6: Time courses of potential biomarkers of outcome in mTBI patients. Ten potential
biomarkers of outcome in mTBI patients are shown as average time profiles in blood samples, in
a comparison of sTBI patients with good (GOS-E = 8) and bad (GOS-E < 8) outcome. Thick
orange and blue lines are the mean value measured at a given time point for patients with good and
bad outcome, respectively. Lighter color polygons are ±1 SD. Levels are compared to pnBlood
obtained from normal healthy controls. Grey area is below LOD. Time course and pnBlood values
shown are for blood samples diluted 1:3.

6.4 Discussion

This exploratory study measured 103 proteins in a total of 15 patients, which is a typical number
in TBI studies where often 3 to 20 patients participate in multiplex TBI studies [18, 84, 126, 134,
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136, 324]. As mentioned elsewhere [18], the combination of difficulties in rapidly recruiting sTBI
patients shortly after their injury and the current maximum number of samples that can be measured
in a single experiment limited the number of patients whose samples we could measure to under
20. Because of the low number of patients, stratification according to injury type was not possible.

While men are disproportionally affected by TBI compared to women (two-thirds of all reported
mTBI and more than three-quarters of all sTBI patients are men [325–327]), our study included
a single woman who suffered from trauma without a TBI. Because levels of some proteins such
as IL-6 and IL-1β were reported to be elevated in microdialysate of women suffering from TBI
compared to men [290], caution should be exercised when drawing conclusions from comparisons
between sTBI and mTBI and the trauma patient in this study. Morever, validation of results in
sex-representative populations of sTBI and mTBI patients is required in the future.

Increased lactate and lactate to pyruvate ratio has been previously observed in TBI [328],
where surprisingly lactate has been shown to be an alternate source of energy for the injured
brain [329]. The increase in lactate seen in figure 6.1 is due to glial cells producing lactate from
glucose and damaged neuronal cells failing to uptake it as source of energy [330]. Along with the
decreased glucose concentration in microdialysate samples of sTBI samples, these results indicate
the presence of hypoxia and ischaemia in the brain tissue, resulting from an inadequate blood and
oxygen supply [331]. We observed an inverse relationship between glucose concentration and ICP,
which was previously observed in microdialysate samples of sTBI patients [332]. There was no
evidence of prolonged excitotoxicity, as seen by a normal glutamate concentration.

We successfully measured 103 proteins in microdialysate, CSF and blood of sTBI and mTBI
patients with the ACM. Each of these bodily fluids offers specific challenges. Microdialysate is a
very low volume sample (∼20 µL per aliquot) with very low concentration of proteins due to the
limited recovery of proteins through the microdialysis membrane. CSF and blood are available in
larger volumes, but CSF protein concentrations are typically very low. Proteins in blood (serum or
plasma) can be found in very low to very high concentration, and the total protein concentration
along with myriad of other molecules present can potentially interfere with the capture antibodies
ability to bind their target, a phenomenon called matrix effect. All proteins were detected in at least
one sample type, proving the versatility of the ACM in measuring 103 proteins in vastly differing
samples. To our knowledge it’s the first time that 11 of those proteins are studied in the context
of TBI (AFP, AHSG, ALDH1L1, Amphiregulin, BRAF, EpCAM, Flt-3, HAI-1, HE4, HER2 and
IGFBP-7). These proteins are measured on the ACM as part of its broad utility, not only in TBI
but also in cancer and other diseases involving inflammation.

While determining from which blood sample, serum or plasma, to measure specific proteins,
we observed a sharp increase in EGF in serum stored at room temperature before centrifugation.
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Indeed, EGF is known to be secreted by platelets during clotting [312]. We also saw lower levels
of OPN and HMGB1 in serum than in plasma, which is consistent with the literature [309, 311],
suggesting that there is degradation of these proteins during clotting in serum. However, in spite of
the difference in initial concentration, the levels of BDNF was more stable in serum than in EDTA
after the initial clotting, as was reported previously [316]. Since levels of BDNF measured in
serum are released by platelets, and in EDTA plasma the levels reflect that in the blood of patients,
we picked EDTA plasma in spite of its worse stability even during as small as a two hour wait
before centrifugation. Indeed, analyzing BDNF from EDTA plasma allowed us to see a difference
between sTBI and mTBI patients, making it a potential biomarker of injury severity. This was not
seen when analyzing BDNF data from serum. This highlights the importance of using the right
type of blood specimen for each protein.

By comparing the levels of proteins found in microdialysate to that of CSF and blood in single
patients, we were able to make a list of proteins that show evidence of brain tissue production at
the site of sampling. To our knowledge, only one other study determined the origin of production
of multiple proteins detected in microdialysate samples of 12 sTBI patients [18]. They detected
all 42 proteins measured in microdialysate samples, of which only two (IL-10 and IL-12) were not
detected here. They found that 19 out of the 42 proteins had higher levels in microdialysate than in
plasma samples. 17 of those proteins were also measured in our study, and we found that only 3 of
these had lower levels in microdialysate than blood samples. The remaining 13 proteins were also
found to be produced in the brain (8) or produced in the brain and elsewhere in the body (4), proving
a good agreement between our results and this study. Results from both studies indicate a strong
inflammatory reaction throughout the brain tissue in sTBI patients. Out of the 14 proteins identified
that have strong evidence of brain production, IL-1β, IL-6 and IL-8 have been well studied in TBI.
Interestingly, SPARC has been shown to be involved in the development of the brain and normally
not expressed in the adult brain, except in TBI where its expression is up-regulated [333], as is seen
in patients here.

Whilemeasuring higher levels of proteins inmicrodialysate than in blood is a strong evidence for
brain tissue production, measuring low levels of the same protein inCSF compared tomicrodialysate
and blood is also a strong evidence for production elsewhere in the body. Indeed, 80-90 % of CSF is
produced by cells of the choroid plexus that filters plasma of the majority of molecules that can be
harmful for the brain tissue [334], and a small proportion of CSF has its origin in the fluid transport
across the blood-brain barrier [335–337]. While there is exchange of small molecules between the
brain interstitial fluid (IF) and CSF [338, 339] as it is a contiguous space, CSF has been recently
considered to be a separate bodily fluid than IF [18]. Our results also show that concentrations vary
widely between microdialysate and CSF and therefore these two sample types should be considered
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as separate fluids.
Proteins that are detected in microdialysate in lower concentrations than blood could be ex-

plained by a much greater systemic production of the protein elsewhere in the body and 1) proteins
from plasma crossing the brain through a compromised blood-brain barrier due to the TBI or
2) normal diffusion of proteins through an intact blood-brain barrier, as is the case for albumin
or 3) normal lower concentration of proteins produced in the brain. Is it important to note that
microdialysate only measures proteins present within a small tissue volume around the inserted
probe and that proteins that were classified as being made elsewhere in the body could also be
made locally at the site of injury, and therefore be undetected in microdialysate samples. Proteins
such as GFAP and S100B could in fact have been produced locally at the site of injury in high
concentration, broken down partially as is known for GFAP [285] in sTBI patients and therefore
be measured in lower concentration in CSF, and finally also be produced elsewhere in the body.
Indeed, both S100B and GFAP are known to be produced by cells outside of the brain [340, 341].
Moreover, both proteins were detected in small quantities in the pooled blood replicate samples
(pnBlood) produced from healthy control individuals. Ang1 was measured at its highest level in
CSF, suggesting that production of this protein also has its origin in the brain, however not at the
site of microdialysis sampling. Ang1 is known to be produced in the brain after injury to initiate
vascular repairs in patients with good outcome [342].

The comparison of elevated proteins in the blood of sTBI and mTBIC patients, including one
mTBIS and one non-TBI trauma patients, led to the identification of eight proteins specific to sTBI,
six proteins specific to sTBI and mTBIC patients, two proteins specific to mTBIC alone and five
proteins specific to mTBIS (table 6.3). Because a single patient was compared to groups, AFP
and ALDH1L1 that were found to be elevated specifically in the mTBIS patient are not likely to
be biomarkers of very mild TBI injury. Rather, they are likely to be elevated in the context of
individual baseline variation of proteins, or be involved in other diseases in this patient. However, it
is interesting to note that GFAP and S100B were elevated in this patient but not consistently in any
other groups. GFAP and S100B are astrocytic proteins that have been widely studied as biomarker
of mTBI [285, 343–348]. Two proteins were found to be elevated in a majority of patients, MMP-1
and OPN, including the non-TBI trauma patient. The wide variety of biological functions of these
two proteins involved in inflammation, prevention of apoptosis, tissue repair and remodeling can
explain the elevation seen in blood samples of most patients.

TBIs have heterogeneous presentations; contusions and subarachnoid hemorrhages are the
most common types of lesions observed in mTBI patients. Additionally, hematomas, diffuse
axonal injuries, fractures and penetrating injuries may also all be present in sTBI patients [349].
The different types of lesions and the severity of the lesions may explain that different proteins
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are elevated only in sTBI or mTBIC patients. Among the proteins that were elevated in sTBI
patients only, MCP1 was elevated in four of the seven patients and its ability to distinguish sTBI
patients from controls in blood has been reported before [350]. Likewise, BMP2 was elevated in
five sTBI patients, and its elevation in sTBI patients has been observed in a previous study [351].
Therefore MCP1 and BMP2 are promising potential biomarkers of injury severity, having already
been confirmed in previous studies.

Of the 17 proteins that were found to show different time course in microdialysate, CSF and
blood samples of sTBI patients, MMP9 is the only protein that showed a difference in all three
biofluids, with the same pattern of decrease in patients with high ICP (figure 6.4). The difference
was greatest in CSF and varied little over the 72 h of samples collection. Because patients at risk
of developing secondary injuries and high ICP are usually often equipped with an extra-ventricular
drain (EVD: used to monitor and lower high ICP), CSF can easily be collected and analyzed in these
patients. All other proteins identified in blood showed a constant level or late elevation (Ang2) in
samples of sTBI patients with high ICP. Among these, MIP-1α appears to be the most promising
potential biomarker of secondary injury, showing elevated levels throughout the collection period,
although this elevation was not observed in all patients. It’s likely that a combination of blood
biomarkers would have to be considered to be able to predict secondary injuries in all patients with
good specificity and sensitivity.

A number of proteins were found to correlate with the advent of high ICP in sTBI patients in
previous studies, such as IL-8 [352, 353], IL-6 [354], IL-1ra, TNF-RI and IL-10 [355]. In our
study all these proteins were found to be elevated in the blood of the same two out of four patients
with high ICP, perhaps indicating common molecular events in these two patients.

As opposed to proteins that showed greater differences in blood samples of sTBI patients with
high ICP, we observed greater differences in protein levels in microdialysate samples of sTBI
patients with good and bad outcome compared to blood or CSF. MIP-1α, MIP-1β, IL-8, G-CSF
and IL-1β all showed strong peaks in the first day of collection of patients with bad outcome. Peaks
for IL-6, IGFBP-1 and TIMP-1 lasted longer for about 2.5 days. None of the proteins found to be
different in microdialysate remained increased beyond this time period, suggesting that sampling of
proteins through microdialysis would have to be done within the first 24-48 h to accurately predict
bad outcome in patients. After this period of time, measurements of IL-18, TIMP-1 and VCAM-1
in CSFmight provide information about outcome since the difference was sustained at 72 h after the
beginning of sample collection. A previous study identified S100B as a predictor of bad outcome
in CSF and serum samples of sTBI patients [356]. We also observed an elevation of S100B in
blood samples of sTBI patients with bad outcome, however we did not observe any correlation in
the CSF samples.
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The differences in protein levels seen in mTBI patients blood samples was less pronounced than
that seen in sTBI patients, with most proteins showing a stark decrease in levels in blood samples
of mTBI patients with good outcome when compared to pnBlood. Proteins measured in patients
with bad outcome were similar to that of pnBlood, except IL-1β, IL-1ra and IL-2 that showed slight
increases compared to pnBlood. Both GFAP and S100B were identified as showing a difference
between mTBI with good and bad outcome, which is consistent with other reports [357, 358].

It is interesting to note that several proteins were identified as potential biomarkers of outcome
in both sTBI and mTBI patients (FGFb, IL-1β, HMGB1 and S100B) (figures 6.5 and 6.6). While
IL-1β showed the greatest difference in microdialysate samples, the other three proteins all showed
the difference in blood of both sTBI and mTBI patients. These are therefore potential biomarkers
of outcome regardless of the severity of TBI incurred.

6.5 Conclusion

We successfullymeasured 103 proteins including cytokines and chemokines inmicrodialysate, CSF
and blood samples of sTBI patients, as well as blood samples of mTBI patients, which showed that
patients mounted a robust inflammatory response in the first 3-4 days following their injury. This
response was observed in all three samples types, with the strongest peaks seen in microdialysate,
followed by CSF and then blood. By measuring proteins simultaneously in microdialysate, CSF
and blood samples of sTBI patients, we showed evidence of brain production for some proteins.
Using this analysis on potential biomarkers in the future could help understand the provenance
of proteins measured in any of the three samples types. It might be particularly beneficial to
distinguish the origin of particular biomarkers or pattern of inflammatory response in polytrauma
patients, suffering concurrently from TBI and other injuries. The method showed here requires the
use of cerebral microdialysis, a precious tool that allows the sampling of proteins indirectly from
the brain tissue.

We identified several proteins that were elevated specifically in sTBI and/or mTBIC patients,
and others that correlated with secondary injury in sTBI patients, or dichotomized outcome in
sTBI and mTBIC patients. While some proteins identified as potential biomarkers were known and
indeed confirm previous results, others were, to our knowledge, never before identified as potential
biomarkers in TBI. The complete description of time course data in microdialysate, CSF and blood
samples of sTBI and blood samples of mTBI patients can also be used to further the understanding
of TBI injury and repair within the three first days after injury. This study included a large number of
proteins, and a small number of patients, and can therefore be described as exploratory or discovery
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study. A future validation study measuring less proteins and a greater number of sTBI, mTBI, non-
TBI patients and normal controls with representative gender distributions in a single experiment
would provide material to properly analyze the predictive value of these proteins statistically.

Supporting Information

Additional information as noted in the text. This material is available in appendix F. Raw data
of the effect of pre-analytical variables on protein initial measurements and stability is found in
appendix I. Raw time course profiles for individual patients and proteins can be found in appendix
J.
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CHAPTER 7

Comprehensive Discussion

The chapters included in this thesis truly built on top of each other. In order to compare the levels
of proteins in microdialysate, cerebrospinal fluid (CSF) and blood samples of severe TBI patients
in chapter 6, the relationship between the relative recovery of proteins and their molecular weight
calculated in chapter 5 was required. The differences seen in several proteins when comparing
levels of proteins between patients with different levels of TBI injury severity, or patients with good
and bad outcome and patients with high and low intra-cranial pressure (ICP), reproducibility and
sensitivity of the ACM was critical to obtaining good results. This was possible because of the
improvements to the ACM developed in chapters 3 and 4. Moreover, the new calibration algorithms
developed in chapter 4 would not have been possible without proper microarray printing buffers
that prevent evaporation evaluated in chapter 3. Finally, no microarray would have been printed
on 2D functionalized glass slides without the design and production of improve silicon quill pins
presented in appendix A.

Therefore all improvements and calculationsmade in appendixA and chapters 3, 4 and 5 allowed
the study of 103 proteins inmultiple bodily fluids of severe andmild TBI patients in chapter 6, which
identified several potential biomarkers of injury severity, outcome and development of secondary
injury.
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7.1 Performance

Chapters 3 and 4 had the specific purpose of improving ACM reproducibility, while preserving or
improving sensitivity and the low sample volume requirement. As can be seen in table 7.1, where
experiments are listed in the order that they were executed, sensitivity significantly improved until
the last two experiments, where all experiment optimizations were defined. The two large-scale
experiments whose performance is analyzed in chapter 4 (sTBI and MS), were performed with and
without a trehalose coating, and the capture antibody printing buffer was decreased from 50 % to
45 % glycerol between the sTBI and MS experiment. Consequently, the reproducibility increased,
and sensitivity improved. The further improvement in sensitivity and reproducibility seen in the last
two experiments (MD and mTBI + PAV) can be attributed to higher quality batches of PolyAn 2D
Aldehyde slides, aswell as increased experience in executing the experiments, althoughwhich factor
is most important remains unknown. The excellent reproducibility observed in the MD experiment
can be attributed to the use of pnCSF as a replicate sample, which has very low concentration of
most proteins, and therefore whose variability is closer to that of the slide surface coating itself.
Good reproducibility values were also observed when blanks (buffer without proteins) were used
as replicate samples throughout the experiments. Finally, the very good reproducibility seen in the
experiments in chapter 3 (pnSerum) is simply due to the fact that reproducibility is calculated using
a single slide, which indicates that reproducibility degrades as the number of slide processed is
increased, which can be attributed to the long spotting and wait times in larger-scale experiments.
Slide-to-slide variability was not measured in this chapter.

While the reproducibility achieved with improvements to the ACM reaches a median of 25 %
or better, this value is sufficient for future statistical evaluation of clinical results obtained in large
cohorts but not for actual protein measurements in individual patients in the clinic. The ACM is not
aimed at rapid, low-cost measurements of a few proteins by the patient bedside, and it is expected
that a better reproducibility of 5-10 % would be required by a point-of-care device measuring less
than 10 potential biomarkers in patients.

While the median sensitivity reported in table 7.1 is sub-ng/mL, the numbers reported include
sensitivity for low and mid-abudance proteins in blood samples. Most cytokines and chemokines’
sensitivities were below that, with some even achieving sub-pg/mL performance. Therefore the
sensitivity of the ACM is similar to that of classical ELISA, and is determined by the affinity of
matched antibodies purchased, with antibodies against cytokines and chemokines having much
stronger affinity for their target antigen because of their low-abundance in bodily fluids.

Results obtained in chapter 6, where time course samples of microdialysate, CSF and blood
samples of sTBI and blood samples of mTBI patients were measured, were possible because of
the reproducibility, sensitivity, low sample volume requirement and suppression of cross-reactivity
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Table 7.1: Comparison of performance obtained in different chapters Comparison of the
reproducibility and sensitivity obtained in the experiments presented in this thesis, from the first
to the last experiment executed. All proteins were spotted in triplicates. MD: microdialysis
additives, sTBI: severe traumatic brain injury, mTBI: mild traumatic brain injury, PAV: pre-
analytical variables, MS: multiple sclerosis.

# of # of spots Replicate Reproducibility Sensitivity
Experiment Chapter Trehalose slides per subarray samples type (%) (median) pg/mL (median)

pnSerum 3 No 1 9 pnSerum 5.9 1333*
sTBI 4, 6 Yes 36 324 pnSerum 34.5 548

pnEDTA
pnCSF

MS 4 No 48 324 pnSerum 26.1 352
MD 5 No 39 324 pnCSF 7.4 187
mTBI + PAV 6 No 42 324 pnSerum 20.3 189

pnEDTA
pnCitrate
pnCTAD
pnHeparin

*: mean of three proteins

of the ACM. The time course of well-studied biomarkers of TBI such as S100B, IL-1β, GFAP
and IL-6 we measured was in agreement with the literature, further supporting the accuracy and
validity of the measurements made by the ACM.

The ACM was capable of measuring 103 low- to mid-abundance proteins in 20-30 µL of
hundreds of samples with very low (microdialysate, CSF) and very high (blood) total protein
concentrations without sample pre-treatment as is required for mass spectrometry. Although the
number of proteins measured with the ACM could be increased while keeping the same number of
subarrays per microarray, technical replicates and the same sample volume requirement simply by
increasing the spot density, the maximum number of proteins that could be measured might be 150-
200 with space optimization on microarray slides. While the performance and the characteristics of
the ACM presented in this thesis was good and the number of proteins measured could be improved,
a commercial platform or facility should be used with the capability of measuring more proteins in
more samples along with proper quality assurance.

7.2 Limitations and scope

This thesis focused on measuring over 100 proteins in multiple bodily fluids of TBI patients with
the goal of increasing the understanding of mechanisms involved in injury and repair in the first
three days following injury, and identifying proteins whose levels correlated with injury severity,
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outcome or the development of secondary injury. This thesis did not attempt to validate biomarkers
related to TBI for use in the clinic, as the study using sTBI and mTBI samples included a limited
number of patients.

The ACM platform was shown in this thesis to achieve performance in terms of reproducibility
and sensitivity that was sufficient to allow the analysis of TBI patient samples in chapter 6. However,
the ACM used custom-made parts and is not readily available commercially, thereby making it a
bit of an artisanal platform with very clear limitations. The maximum number of slides that could
be printed and processed together was 48, and this limited the number of samples that could be
analyzed in a single experiment. The long spotting times due to the nature of the microarray (a
contact-printer) unfortunately increased the variation in large-scale experiments, although this was
mitigated partially by calibration in chapter 4. Spotting times can be greatly decreased in the future
by the use of a high-quality injket microarray printer, as long as its spot positional accuracy is
sufficient to allow two printing rounds on multiple slides in a single experiment.

Due to the great costs of antibodies and antigens (∼600 $CAD per reagent), some of the reagents
used in our library of 103 proteins were expired and some were missing after being unfortunately
used up. It is virtually impossible for an academic lab to be expected to keep a fresh library of
over 200 antibodies and 100 recombinant antigens commercially obtained that sometimes expired
after only three months. However, for discovery experiments, the quality was sufficient to be able
to draw conclusions from samples as obtained in chapters 5 and 6. In order to improve further the
performance of the ACM, a high quality inkjet microarrayer was purchased that prints microarray
slides faster than the contact-printer Nanoplotter used in this thesis. Another advancement was the
development on the Snap-Chip, which currently uses the inkjet microarrayer to pre-spot capture and
detection antibodies on separate slides, which are stored and brought together in alignment during
the assay using a small mechanical device, thereby circumventing the need for a microarrayer in
the middle of the assay [141–143].

For future experiments seeking to validate some of the proteins found in this thesis in a much
greater number of sTBI, mTBI, and non-TBI trauma patients, as well as healthy controls, another
platform should however be chosen. A company or laboratory facility that specializes in measuring
low-volume samples using a multiplex immunoassay-based platform, that can measure hundreds
of proteins with good sensitivity, reproducibility and little to no cross-reactivity in thousands of
samples would be ideal. Additionally, the team that analyzes samples should have the expertise,
fresh reagents, automated liquid handling, and quality control processes put in place, and measure
performance (reproducibility and sensitivity) in every experiment. This would ensure that precious
samples collected leads to the most meaningful clinical conclusions. While many commercial
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platforms using multiplex bead arrays or microarrays do exist (R&D Systems, Luminex, Meso-
scale Discovery and others), they suffer from cross-reactivity that cannot be completely eliminated
and that can lead to a false overestimation of protein quantities. Because of the optimization
required to minimize cross-reactivity, only a limited choice of proteins are available in a same
assay, without the possibility of adding more proteins without performing a second assay entirely.
Bead-based platforms have also been known to suffer from matrix effect particularly with plasma
EDTA samples, which suffers from higher background values than serum samples [359]. As a
better alternative, a service where samples are sent to a facility are now offered by Olink [360] that
uses proximity extension assays (PEA) to measure from 92 to 1100 proteins in very low-volume
samples without cross-reactivity, although the cost might be prohibitive for academia.

7.3 Challenges

Although the optimized capture antibody printing buffer developed in chapter 3 (containing 2 m
betaine and 25 % 2,3-butanediol) decidedly increased the printing consistency of microarrays
compared to traditional printing buffers which exhibited a lot of evaporation, we did not use
this printing buffer in the large-scale experiments of chapters 4, 5 and 6. The optimized buffer
performed similarly to 50 % glycerol in terms of reproducibility for many proteins, but was better
in terms of sensitivity for all proteins. Because of the as yet unexplained increase of variation
for one protein (MCP4) out of the four proteins tested in chapter 4, a glycerol-based printing
buffer was used instead for all proteins, with the addition of Tween-20 to improve sensitivity of
assays. Had time and resources been more generously available, it would have been best to test
all proteins in the library of 103 assays to find out which proteins were consistently sensitive to
the betaine/2,3-butanediol-based printing buffer, because the glycerol-based printing buffer did
not match the betaine/2,3-butanediol-based printing buffer in terms of sensitivity, even with the
addition of Tween-20. Therefore, experiments in chapters 5 and 6 significantly suffered because of
this lack of sensitivity.

The interference of microdialysis additives with protein measurements seen in chapter 5 is
a phenomenon that is well-known by developers of (singleplex or multiplex) immunoassays that
measure one or more proteins in serum or plasma. Because serum samples have been clotted, a
significant portion of proteins in the liquid part has been depleted, which often leads to lower assay
background values than EDTA plasma, and therefore more difficulties achieving good sensitivity
when measuring proteins in plasma [359, 361]. In order to avoid such performance discrepancies,
we optimized the blocking step during the ACMwith a high concentration of bovine serum albumin
at 3 % for 3 h, which allowed us to have similar background fluorescence signal in microdialysate,
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cerebrospinal fluid, serum and plasma samples. While we did not use specific assay diluents that
mimic the sample matrix as suggested by Abcam and R&D Systems [362, 363], we diluted both
recombinant antigens and samples in a phosphate-buffered saline in the presence of Tween-20®
and diluted samples 1:3 or 1:30 in order to minimize matrix effects of complex blood samples. In
spite of this, the matrix effect can never be fully mitigated in immunoassays, effectively making
most immunoassay techniques, including the ACM, semi-quantitative.

Measurements of relative recovery of 94 proteins in cerebral microdialysate were performed
in chapter 5 and was used in chapter 6 to calculate an approximate quantity of 100 proteins in
microdialysis samples of sTBI patients. While other studies used the relative recovery values
calculated in vitro to modify in vivo measurements [18], we used the linear fit produced by the
relative recovery of proteins in relation to the proteins molecular weights. We used pooled normal
lumbar CSF (pnCSF) to calculate relative recovery values of proteins in vitro because this sample
contained real human proteins with glycosylation and isoforms normally found in the brain, as
opposed to recombinantly-made, often partial-sized proteins lacking glycosylation. Owing to the
very low concentration of proteins in this starting sample, measurement values obtained for those
proteins recovered in microdialysate were very low, often undetected. Because the confidence in
quantities recovered was not complete, we opted to use the linear regression which is an average of
all the relative recovery values obtained and could be more highly trusted. While relative recovery
values calculated in vitro are only estimates for the real relative recovery values in vivo, which
cannot ethically be obtained using live human subjects, studies in animals have shown that values
obtained in vitro are higher than in vivo, because sampling is done in tissue with a much greater
resistance which impedes diffusion of molecules in vivo [364]. Therefore the quantities of proteins
calculated in chapter 6 is most likely an underestimate of the true quantity of proteins that was
present in the brain tissue of patients at the time of sampling.

Problems with fluid loss of microdialysate into the brain of one sTBI patient with very high
intracranial pressure (not included in chapter 6) using the sterile, quality-controlled CNS Perfusion
Fluid sold byMDialysis, led us to design the study described in chapter 5. At the time of sTBI patient
recruitment, perfusion fluid containing additives, such as human albumin solution or dextrans, were
not available in sterile, quality-controlled ampules. While clinical-grade low and high molecular
weight dextrans were available commercially, we did not feel confident preparing solutions that
would be perfused in the brains of human patients, for the lack of quality-control and no way to
ensure the complete sterility of solutions. Also, we did not have access to clinical-grade, purified
human serum albumin, which is costly and difficult to obtain [365]. Our main concern with all
additives was leakage through the microdialysis membrane, and possible effects not only on the
measurement of molecules, but the potentially detrimental effect on patients’ brains if the additives
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leaked. Therefore analysis of microdialysate samples obtained without additives was performed.
While fluid recovery was not as high and stable asmight have been obtainedwith the use of additives
in the perfusion fluid, microdialysate samples were still recovered in sufficient amounts to measure
proteins in microdialysate as reported in chapter 6, and also reported elsewhere [267].

7.4 Usability of findings

The findings presented in this thesis can be used by other researchers aiming to improve the
performance of their platforms. For example the low-evaporation capture antibody printing buffer
developed in chapter 3 performed very well on several brands of reactive-aldehyde microarray
slides, and has even been used by different groups since the publication of the research [366, 367].
These buffers can be used with both contact (quill pins) and inkjet microarray printers. The method
presented for quickly determining the performance of many mixtures of additives can also be used
to optimize the printing buffer of any slide or surface.

The calibration method presented in chapter 4 can be applied to other antibody microarray plat-
forms, and also be modified to be implemented fully or in part on other existing or future platforms.
While the calibration method can still benefit from improvements by estimating calibration slopes
for the entire antigen concentration range contained in the ACM assay, this would have required
a substantial amount of time to build new code, and a different experimental layout in large-scale
experiments. Nonetheless, we hope that this chapter convinces more researchers in academia and
corporations to measure and report the performance of their experiments in terms of reproducibility
and sensitivity.

The in vitro effect of additives on human glial cells, on the measurement of proteins, and
their leakage through the microdialysis membrane observed in chapter 5 complements the current
knowledge about additives to cerebral microdialysis. More work is required in animals to truly
attest to the safety of additives on the brain tissue at the site of sampling. We hope that in the future
a fully evaluated, safe technique using additives will be available to allow the precious sampling of
proteins in the brain tissue of patients in neurocritical care.

Finally the time course measurements of 103 proteins in microdialysate, CSF and blood samples
of sTBI patients and blood samples of mTBI patients presented in chapter 6 offers a method for
determining the origin of proteins measured in microdialysate samples, and a list of new potential
biomarkers of injury severity, secondary injury in sTBI patients, and outcome. We hope that future
studies will attempt to validate those proteins as biomarkers in TBI. The list of proteins detected in
each biofluid and their time profiles can contribute to a better understanding of underlying pathways
of injury and repair in TBI patients, and present potential therapeutic targets in the future.
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Future validation studies would benefit from measuring proteins listed in chapter 6 which
were identified as potential biomarkers of secondary injury, injury severity or outcome in patients.
Moreover, matched antibody pairs raised against proteins such as neuron specific enolase (NSE),
hyper-phosphorylated neurofilament-heavy, αII-spectrin degradation products, tau and amyloid-
β1-42 should be added to the ACM if available commercially, or matched pairs found by testing
combinations of available monoclonal and polyclonal antibodies (as was done here for SPARC).
A more complete list of cytokines and chemokines, as well as matrix metalloproteinases, could
also be measured by the ACM, and extensive literature search into known and inflammatory and
anti-inflammatory processes could serve to extend the utility of the ACM list of protein measured
in future studies.
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CHAPTER 8

Summary and conclusion

8.1 Summary

This thesis presented a new and rapid method for determining the best combination of two hygro-
scopic additives to prevent evaporation of printing buffers on any surface, and a new betaine/2,3-
butanediol-based printing buffer for printing on reactive-aldehyde functionalized microarray slides.
Furthermore, a new method of calibrating microarray data to improve reproducibility of large-scale
experiments was developed using multiple fluorescent molecules printed along with capture anti-
bodies on microarrays. Next, albumin and low- and high-molecular weight dextrans as additives
to the cerebral microdialysis perfusion fluid were compared in terms of leakage through a micro-
dialysis membrane, possible interference on the measurement of small molecules and proteins, and
activation of human U87 cells as measured by their protein secretion in culture. Finally, a time
course analysis of over 100 proteins were measured using the improved ACM in microdialysate,
cerebrospinal fluid and blood samples of severe TBI patients, as well as blood samples of mild
TBI patients and relative recovery values of proteins from cerebrospinal fluid in vitro was estab-
lished. The comparison of mean protein values in the three bodily fluids in severe TBI patients was
used to infer the origin of production of proteins, and potential new biomarkers of injury severity,
development of secondary injury, and outcome were described.
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8.2 Conclusion

Improvements to the ACM from the design of new silicon quill pins, the development of an
optimized printing buffer to the new calibration method presented in this thesis allowed us to
measure up to 103 proteins in hundreds of samples from four separate large-scale experiments. The
reproducibility and sensitivity of the ACM, with an improvement of 25 % in reproducibility and the
low- to mid-pg/mL range sensitivity, were sufficient to measure precise time course measurements
of low-abundance known low-abundance biomarkers of TBI in the last chapter, as well as finding
new potential biomarkers. These results also demonstrated the importance of reproducibility when
measuring proteins in multiplex immunoassays. Finally, the measurement of 100 proteins in the
microdialysate, cerebrospinal fluid and blood of severe TBI patients has allowed us to confirm that
only 13 proteins detected in the microdialysate samples were produced in majority in the brain,
with the majority of proteins detected being produced both by the brain and elsewhere in the body.

8.3 Outlook and future work

The methods and strategies developed in this thesis for improving the ACM reproducibility and
sensitivity could be used and adapted to improve the reproducibility of other multiplexed protein
measurement platforms. More specifically, the improvement of spot morphology and printing
consistency by quickly adding mixtures of hygroscopic additives to microarray printing buffers
could allow researchers to find additives best suited to their platform in a matter of hours. The
new calibration algorithm could be applied directly to other antibody microarrays and protein
arrays. Improvements in reproducibility and/or sensitivity observed by using multiple fluorescent
molecules for calibration could be also be adapted by researchers using various immunoassays
platforms that suffer from local and systemic variation in the assay. In order to further improve the
performance of calibration and the overall reproducibility of the ACM, the new calibration method
could in the future include a non-linear calibration slope estimation to cover the whole range of
antigen concentration.

Following the in vitro comparison of additives to cerebral microdialysis, in vivo comparisons
and validation of the safety of additives in animals are the logical next step. To improve the
predictive power of potential biomarkers of TBI and their specificity, proteins could be measured
in multiple bodily fluids instead of a single one, and the ratio between fluids be analyzed. This
method might be particularly useful for proteins which are released from the brain during TBI, but
that are also produced elsewhere in the body. Finally, the proteins identified as potential biomarkers



Chapter 8. Summary and conclusion 183

of injury severity, development of secondary injury or outcome in this thesis would deserve to be
validated in larger scale studies involving many more patients and controls.
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APPENDIXA

Silicon Pins Design

Preface

Background and objectives

Early experiments using the ACM used triple-pronged silicon quill pins that broke easily and in
stages - a single prong at a time, making it difficult to knowwhen a pin was broken. Those quill pins
also only printed on nitrocellulose pads due to the 3D nature of the surface, which the quill pins
penetrated and left a mark, compressing the pad. Because of the high auto-fluorescence background
of nitrocellulose pads, we wanted to test alternative microarray slides which have 2D functionalized
glass surfaces, but the triple-pronged silicon quill pins could not print on these slides. A new silicon
quill pin design was required to allow consistent contact between the pin tip and 2D functionalized
glass slides. The goal was to design pins that were also physically robust, and would fail gracefully,
i.e. letting us know right away when it fails. We wanted to retain the high liquid capacity of the
previous pin design.

Challenges and encountered problems

The silicon quill pins were produced from a silicon wafer, and the critical step was the deep reactive
ion etching (DRIE) which essentially shaped the pins on the wafer after protection of the non-etched
parts. This critical step was highly sensitive on timing and other, unknown factors. A few batches
of wafers ended up being over- or under-etched, making them useless. The single silicon wafer that
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we used for printing all subsequent microarrays was slightly under-etched, which is what created the
3-walled channel at the very tip, making the pins very robust compared to pins that were properly
etched. We were lucky to produce pins that were slightly under-etched, and I think it might be
difficult to produce exactly the same under-etch without a proper study of the factors that influence
the rate of etching in the exact conditions used.

Reference

This appendix is based on a peer-reviewed conference proceedingwhich Iwrote: Véronique Laforte,
Ayokunle Olanrewaju and David Juncker, "Low-cost, high liquid volume silicon quill pins for robust
and reproducible printing of antibody microarrays" presented at MicroTAS in 2013 [154].
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Low-cost, High Liquid Volume Silicon Quill Pins for
Robust and Reproducible Printing of Antibody

Microarrays

V. Laforte*, A. Olanrewaju and D. Juncker
McGill University, Montreal, Quebec, Canada

Abstract

Ideal silicon quill pins should be robust, low-cost, high volume and give good spot morphology
that is reproducible over a printing run. Previously used silicon quill pins were brittle and did
not print on all surfaces due to their pin tip design. We designed two new silicon quill pins with
high volume (double-channel and serpentine-channel), a single 3-walled robust tip design, are not
sensitive to microfabrication process variations, and lead to good spot morphology, printing on all
surfaces tested, and good spot reproducibility. These pins help us achieve greater sensitivity and
reproducibility in performing micro-ELISA assays using antibody microarrays.

Keywords: High-volume, silicon microfabrication, quill pins, microarray, contact printing

Introduction

Antibody microarrays are formed by spotting antibodies as micrometer sized spots on surfaces that
are then used tomeasure the concentration of several proteins in a small volume of complex samples.
The sensitivity of assays depends on good spots morphology, and low variation between spots. We
have developed the antibody colocalization microarray [17] and use silicon pins in order to achieve
the necessary alignment between multiple spotting on the same slides. In order to decrease the
amount of reagents needed, as well as printing time, it is desirable to print multiple slides in a
single run with a single loading event. Previous pins designed in our lab were flexible SU-8 pins
[153], and high liquid volume capacity silicon pins with a double-channel tips (Figure A.1A). Due
to variation in the lithographic process, tip shapes varied between pins, were brittle and led to high
variation between and within spots (Figure A.1B). Here we present new silicon pins designed for
high liquid volume capacity, robustness, good spot morphology and low variation between spots.
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Figure A.1: Tips (A) of previously used silicon quill pins with double channel, and printed
fluorescent spots (B) on nitrocellulose slide.

Theory

New pins have a single channel tip (Figure A.2A) with a flat tip to create a sufficiently large contact
area between the pin and the slide and reliably transfer liquid. To increase liquid capacity, pins
with a serpentine channel (Figure A.2D) and with a double-channel merging into a single channel
100 µm from the pin tip (Figure A.2C) were designed. Both designs include retention valves close
to the top of channels to prevent drainage of the liquid and ensure the channels are repeatedly filled
and drained [153]. Pins are fabricated by photolithography on a silicon-on-insulator wafer, etched
by deep-reactive ion etching (DRIE), and detached from the carrier wafer in an HF bath. Pins are
attached to a support on the side of the head (Figure A.2H) and are detached manually by breaking
them off.

Because the channels are smallest at the tip, DRIE incompletely etches the tip, resulting in
a 3-sided channel (Figure A.3A) which serves to improve the pins’ mechanical robustness; new
pins lasted over 1 year corresponding to over two million spots whereas prior designs failed after
500,000 spots. Moreover, pins that suffer considerable force (manual test) break at the retention
valve and not at the tip, making it obvious when a pin has broken. A single wafer carries 232 pins,
making each pin inexpensive to produce.

Experimental

Serpentine and y-junction pins were fabricated at the McGill Nanotool Microfabrication Facility
(http://www.mcgill.ca/microfab). Chemicals were purchased from Sigma-Aldrich (St-Louis, MO,
USA) unless otherwise noted. Both types of pins were used to print 20 mg/mL Alexa Fluor
647 conjugated chicken anti-goat IgG (H+L) (Life Technologies, Carlsbad, CA, USA) on Avid
Oncyte slides (Grace Biolabs, Bend, OR, USA), which consists of a 10 micron thick nitrocellulose
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Figure A.2: Schematic (A) of pin design and pictures of backside of tip (B), channel (D), top of
channel (F) of serpentine pin design, as well as backside of tip (C), double channels (E) and top
(G) of y-junction pin design. Top of pin (H) is attached on the side to the remaining of the wafer.

Figure A.3: Closed backside (A) and open front side (B) of y-junction pin show a 3-sided channel.
The channel being the thinnest at this point, the DRIE process does not completely etch it.

and Xenobind slides (Xenopore Corp., Hawthorne, NJ, USA) which have a functionalized glass
surface to test printing performance. Slides were printed using a customized nanoplotter (GeSim,
Grosserkmannsdorf, Germany). Some slides were previously blocked for 1 hour with 1 % ultra-
pure bovine serum albumin (Life Technologies) in 1× phosphate buffer saline (PBS) with 0.1 %
tween-20. All slides were washed in 1× PBS with 0.1 % tween-20, three times five minutes on
a rotary shaker before being rinsed with double-distilled water, dried with compressed nitrogen
gas, and scanned with a 2-color DNAMicroarray Scanner (Agilent Technologies, Santa Clara, CA,
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USA).

Results and Discussion

Spot morphology from eight consecutively printed spots from a y-junction pin is excellent (Fig-
ure A.4), with sharp edges and consistent signal intensity throughout the spot. Figure A.5 shows
that serpentine and y-junction pins print consistently on nitrocellulose and on glass slides, while
the previous pins did not print on glass slides due to their non-flat tip design. The new flat pin tip
design allows a good contact with the slide, and therefore consistent printing on both surfaces.

Figure A.4: Spot intensity profile printed with y-junction pin. Analyzed using ImageJ.

To test the new pins’ liquid capacity and autonomy, we printed an entire slide (maximum
288 spots per pin) and observed how many spots were successfully printed before the pins were
empty of liquid. Because we spotted slides before and after blocking it with BSA, we performed the
experiment on the two different surfaces. We also spotted using different concentrations of glycerol,
which is a hygroscopic additive that partially (10 %) or completely (50 %) prevents evaporation
of the solution while spotting. Figure A.6 shows that liquid capacity for new pins is best on
functionalized glass slides, and therefore we conclude that the volume of liquid delivered to the
Xenobind slide is less than on the Avid Oncyte slide. The new pins hold 300 nL of liquid, and were
not depleted after printing 288 spots, indicating that the dispensed volume is < 260 pL.
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Figure A.5: Spot morphology printed on 3-D nitrocellulose (A) and 2-D Xenobind (B) surfaces
shows that only serpentine and y-junction pins successfully print on 2-D surface.

Figure A.6: Number of spots successfully printed on untreated and treated slides (blocked with
1 % bovine serum albumin (BSA) in 10 % and 50 % glycerol, on nitrocellulose and functionalized
glass slide (Xenobind). Serpentine and y-junction pins print for the full run (reference line, 288
spots), while the previous pin design prints partially a single pin loading.
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Conclusion

We presented two new silicon pins which performed equally well in terms of robustness, high
liquid capacity, and lead to reproducible spots with excellent morphology. Using these pins to
produce antibody microarrays helps maximize the sensitivity of assays by minimizing variation of
the printing step, which helps improve the limit of detection. This allows us to detect low-abundance
proteins in blood and other fluids.
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APPENDIXB

ACM: Cross-reactivity free multiplexed protein analysis

Preface

Background and objectives

TheACMprotocol was improved until it was used tomeasure over one hundred proteins in hundreds
of samples in chapters 4, 5 and 6. The protocol was complex, and it contained a lot of details and
know-how that we felt was best to officially write up and share with the scientific community.

Challenges and encountered problems

While writing this book chapter, I was also working on optimizing the ACM platform and the
calibration method reported in chapter 4. Some work in progress was not included in this book
chapter, and part of the information gathered here became obsolete. However, this snap-shot of
the ACM protocol still contains a lot of information which I hope to be useful to the scientific
community.

Reference

This appendix is based on a book chapter which I wrote: Véronique Laforte, Pik Shan Lo, Huiyan
Li and David Juncker, "Antibody Colocalization Microarray for cross-reactivity free multiplexed
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protein analysis" published in theMethods inMolecular Biology book series in 2017 [219], reprinted
here with permission.
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Abstract

Measuring many proteins at once is of great importance to the idea of personalized medicine, in
order to get a snapshot of a person’s health status. We describe the antibody colocalization mi-
croarray (ACM), a variant of antibody microarrays which avoids reagent-induced cross-reactivity
by printing individual detection antibodies atop their corresponding capture antibodies. We dis-
cuss experimental parameters that are critical for the success of ACM experiments, namely, the
printing positional accuracy needed for the two printing rounds and the need for protecting dried
spots during the second printing round. Using small sample volumes (less than 30 µL) and small
quantities of reagents, up to 108 different targets can be measured in hundreds of samples with
great specificity and sensitivity.

Keywords: Microarray, Antibody, Sandwich immunoassay, Multiplexed, Fluorescence
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B.1 Introduction

Immunoassays are currently used in the clinic to quantify specific proteins in the blood and plasma
of patients to give clues about their health status. Proteomics, the measurement of tens or hundreds
of proteins in a single sample, has the potential to empower diagnostics and patient monitoring by
providing a more complete snapshot picture of the health status of a person using very little sample.
To achieve this multiplexed measurement goal in the future, technologies that measure multiple
proteins simultaneously with high sensitivity, precision, and reproducibility are required.

Sandwich immunoassays consist in capturing a target in a sample to the surface using a surface-
bound capture antibody, followed by the binding of a detection antibody which recognizes the same
target (e.g., a protein) but at a different epitope as the capture antibody. Sandwich immunoassays
offer high sensitivity due to the high affinity of antibodies to their target and high specificity, thanks
to the double recognition of different epitopes on that target. Antibody microarrays can measure
multiple targets at once using the same amount of sample as a classical ELISA and minimal
amounts of costly antibodies. However, when multiple detection antibodies are mixed, specificity
is often lost due to cross-reactivity between reagents [17] which can be mitigated by extensive
selection, optimization of the reagents, and limiting the number of targets measured simultaneously.
Cross-reactivity leads to significant false-positive signals, which can mask significant binding or
conversely give the appearance of target binding when none occurred [144].

The antibody colocalization microarray (ACM) was developed to avoid cross-reactivity in
multiplexed measurements by physically separating individual detection antibody solutions and
printing them directly atop their corresponding capture antibodies. Because detection antibodies
are not mixed, the same high level of specificity as ELISA is reached with the ACM. Microscope
slides are printed with capture antibodies using a microarray printer with silicon quill pins that are
fabricated in-house [154]. After blocking and incubating samples on the microarray slides, slides
are dried and moved back to the microarray printer where detection antibodies are then spotted over
their respective capture antibodies with great positional accuracy. Microarray slides are incubated
with a reporter molecule (streptavidin conjugated to Alexa Fluor 647 (AF647)) and scanned with
a fluorescence scanner (see Figure B.1). Capture and detection antibodies are printed in different
low-evaporation buffers which are suited for each step. These low-evaporation printing buffers
allow for long printings of several hours without changing the composition of the printed solutions,
allowing for better printing reproducibility [146].

Many other methods have been devised to circumvent cross-reactivity in multiplexed measure-
ments. Similar to the ACM, a system was developed with two spotting rounds and an aqueous
two-phase system to separate individual detection antibodies. The caveat of this system is the size
of spots which limits the density of targets that can be measured in one sample [368]. Proximity
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1. cAb Spotting 2. Blocking Incubation

3. Ag Incubation4. dAb Spotting
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Figure B.1: Schematic of the antibody colocalization microarray. Capture antibodies are printed
onto functionalized glass microarray slides (1) using silicon quill pins and incubated for 24 h.
Microarray slides are washed and blocked (2), followed by an overnight incubation of diluted
samples and antigen standard overnight at 4 ◦C (3). Microarray slides are then washed and dried
before printing cognate biotinylated detection antibodies at the exact same location as previously
printed capture antibodies (4). Microarray slides are incubated for 16–24 h before washing,
followed by the incubation of fluorescent streptavidin (5). After washing and drying, microarray
slides are scanned with a fluorescent scanner (6).

extension assays (PEA) [145] and proximity ligation assays (PLA) [369, 370] make use of matched
antibody or aptamer pairs conjugated to corresponding short DNA fragments and real-time PCR to
quantify the amount of antigen bound. These methods have been shown to accurately measure up to
96 targets in as little as 1 µL samples; however, it requires the labeling of each individual antibody
and the use of a separate microfluidic platform. The Simple Plex [371] is a simple polymer chip
that uses microfluidics to separate the flow of individual detection antibodies over separate capture
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areas. The method can very quickly detect proteins in samples; however, the multiplexing capa-
bilities are currently limited to detecting four targets in a same sample. Microarray chips that use
force-based discrimination only leave tightly bound antibody on the surface, while cross-reacting
antibodies that are expected to be weakly bound are removed [372]. This method was shown for
eight targets. In short, while PEA and PLA have good performance and multiplexing capabilities,
these assays are very complex. On the other hand, Simple Plex and the aqueous two-phase system
platform are simpler but have limited multiplexing capabilities. In comparison, ACM is simple and
allows for more than one hundred targets to be measured.

Several aspects of the procedure described in this chapter are critical to the success of ACM
experiments. These are printing positional accuracy, spots protection with trehalose during detec-
tion antibody printing, duration of streptavidin incubation, features of the working environment,
and experimental design. Each of these aspects contributes to the high accuracy, sensitivity, and
reproducibility of the ACM platform, and they are described below.

Because detection antibodies are printed directly atop their corresponding capture antibodies,
the microarray printer used, regardless of whether it is a contact printer or inkjet, should have
excellent positional accuracy (10 µm) when a microarray slide is removed and handled between two
spotting rounds on the same slide. In order to reach this level of performance, we found it important
to avoid re-initializing the printer between printing rounds, as well as establishing a method for
calibrating the printer head position. A microarray slide deck that is equipped with spring-loaded
slots was used for accurate positioning of slides. Slides were pushed against a corner and the two
adjoining sides. Precise and consistent alignment is also dependent on good manual dexterity, and
slides were positioned at the same location on the deck.

Since spots containing the capture antibodies and targets are dried before printing the detection
antibodies, it is important to coat the microarray slides with a protectant to prevent the degradation
of antibodies and proteins at the surface [373]. Trehalose [374] was dried on the surface, forming
a protective coating, without the presence of salts or buffer, which denature proteins because of the
high salt concentration at the dry state. Detection antibodies are printed with a detection buffer
containing glycerol and bovine serum albumin (BSA) that help protect the proteins at the surface
during the following incubation. Printing many microarray slides (>10) takes several hours with
our setup with four silicon pins used in parallel. In the absence of a trehalose coating just before
detection antibody printing, we observed a slow degradation of capture antibodies and bound
antigens at the surface that reduced assay reproducibility.

Following sample incubation which is done for ∼18 h to allow the capture antibody to antigen
binding to reach equilibrium, incubation times for the following steps are crucial. Because the
detection antibody spots have very small volumes and high viscosity, which decreases the off-rate
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of the antibody-antigen complex, the quantity of bound antigen to the capture antibodies is not
significantly decreased in spite of the long incubation time. However, during the following washes
and streptavidin-AF647 incubation, a trade-offmust be found between minimizing incubation times
to limit off-rate unbinding and providing sufficient time for the streptavidin to bind in order to give a
strong signal. We found that 20–30 min of streptavidin incubation is sufficient in our experiments.
After the final washing and drying, all microarray slides were scanned at once unless they are kept
in the dark and in vacuum. Fluorophores used are sensitive to ozone below levels that can normally
be detected, and keeping them in the presence of air or light for several hours leads to significant
degradation to affect reproducibility and sensitivity.

A dedicated room was used for carrying out the procedures described below with lights turned
off, ozone removal, and HEPA-filtered air. Ambient light and the presence of even small amounts
(10 ppb) of ozone in the air during incubations, washes, and scanning can lead to fluorophore
photobleaching and gradual degradation during scanning that can affect reproducibility of the
assay. Alexa Fluor dyes are less sensitive to the effect of light than Cy dyes [375]; however, they
are more sensitive to ozone [376]. Their use is still warranted by the fact that AF dyes have higher
signals and decreased quenching compared to Cy5 and Cy3 [377, 378]. Their absorption and
emission spectra also do not change when they are conjugated to antibodies [379]. Dust particles
that are bigger than a spot size ( 100 µm) can lead to one or several missing spots and, hence,
missing data points in an experiment. Moreover, many dust particles are autofluorescent. The use
of cellulose-based cotton from lab coats or paper to blot liquids in the work environment should
be avoided to prevent contamination by dust particles. Microfiber cloths were used, along with
clean-room quality lab coats. Generally following guidelines for a dust-free room (such as a clean
room) is helpful to obtain high-quality defect-free microarrays.

If a microarray printer is not readily available, pairs of microarray slides containing preprinted,
mirrored capture antibodies and detection antibodies, respectively, can be purchased from Parallex
Bioassays (http://www.parallexbio.com, Montreal, Canada) along with a snap-chip device. The
ACM assay can then be conveniently performed by using the snap chip to precisely transfer the
detection antibodies to the spots with the corresponding capture antibody spots following sample
incubation [141, 142]. The snap-chip procedure (see Figure B.2) corresponds to the steps described
below involving sample incubation, washing, streptavidin-AF647 incubation, and scanning. Steps
that are specific to the ACM are the printing steps and the protection of microarray slides with
trehalose. This is not necessary in the snap-chip procedure because all detection antibodies are
applied at once in parallel. Overall, an experiment using the snap chip is shorter in time than with
home-printed microarray slides.

Experimental design is important to the success of ACM experiments (see Figure B.3). Two

http://www.parallexbio.com
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Figure B.2: Schematic of the ACM using a snap-chip apparatus. (a) The same number of assay
(capture) and detection slides are pre-spotted with antibodies (1), and the assay slides are pre-
rinsed, blocked, and dried prior to shipping. Assay slides are retrieved from storage by the user and
incubated with diluted samples and antigen standards overnight at 4 ◦C (2). Assay slides are then
washed and dried. After being retrieved from storage, detection slides are brought into contact with
their respective assay slides using the snap-chip apparatus (3) which aligns the assay and detection
slides and ensures incubation of each spot with a detection antibody solution for 1 h. Slides are
then separated, and the assay slides are incubated with fluorescent streptavidin (4), washed, dried,
and scanned (5) using a fluorescent scanner. (b) The snap-chip apparatus mechanically brings an
assay slide and a detection slide in contact with precise force and alignment over the whole surface
(pictures from Parallex Bioassays).

complete standard curves containing a mixture of known quantities of recombinant antigen that
are serially diluted (1:2–1:4) with a minimum of seven points (but ideally 15 points to obtain an
accurate curve fit) and a blank are included in the layout [250, 380]. Samples are measured at
two different dilutions (e.g., 1:3 and 1:50) to allow the quantification of low- and high-abundance
proteins. The well position of all samples is randomized to avoid measurement bias. Several blanks
and normal replicate samples, for example, from a pooled normal serum or plasma sample, are
measured at regular position intervals (e.g., once per microarray slide) in order to properly measure
the limit of detection (LOD) and the reproducibility (coefficient of variation %CV for each target
measured. All values of samples and replicates are quantified by interpolating the log-transformed
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raw fluorescence value in a log-log curve fit using the standard curve values (without the blank).

SamplesStandard curve

Legend
Standard curve - low concentration

Standard curve - high concentration

Normal replicate - low concentration

Normal replicate - high concentration

Sample - low concentration

Sample - high concentration

Blank

Curve fit for quantification for protein X

log [Ag]
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Figure B.3: Experimental design for ACM experiments. A slide containing 16 identical subarrays
are incubated with (a) a serial dilution of recombinant antigen mixtures (varying shades of blue)
and a blank (yellow). This standard curve is plotted on a log-log graph (b) and fitted with a
four-parameter logistical curve. Other slides (c) are incubated with samples at different dilutions
(red), blanks (yellow), and normal replicates (pooled samples from healthy individuals) at different
dilutions (green). The concentration of each protein is derived by interpolating the values with the
binding curves derived in (a). The limit of detection (LOD) is calculated as the mean + three times
the standard deviation of blanks, whereas the assay coefficient of variation (%CV) is calculated
from the interpolation of each normal replicate where the standard deviation is divided by the mean
for each target.

The ACM has been used to measure up to 50 targets in 55 samples [17, 381]. Recently, the
measurement of up to 108 targets with triplicate replicate spots per target and per sample and for
upward of 300 samples with two dilutions per sample has been analyzed. The ACM has been
used to measure human serum, plasma with different anticoagulants (EDTA, heparin, CTAD, and
citrate), as well as other human fluids such as cerebrospinal fluid and urine. The sensitivity of
assays using the ACM is comparable to that of ELISA, with LODs ranging from 0.1 pg/mL to
300 pg/mL depending on the antibody pair used. Reproducibility of assays also varies depending
on the antibody pair and can be as good as 10 % variability over a large (>200 samples) experiment
(unpublished results). Because of long duration of printing for large experiments, reproducibility
is better when printing up to six to eight microarray slides with a 16-well gasket (see Figure B.2)
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which leads to printing rounds that are less than 3 h. Reproducibility can be further improved by
normalizing the data [382].

B.2 Materials

B.2.1 Buffers and Materials

All buffers are prepared using ultrapure water which has a resistance of at least 18 MΩ · cm at
25 ◦C. All reagents are analytical grade and stored at room temperature unless otherwise indicated.
Follow local waste disposal regulations and MSDS recommendations for chemicals.

1. Wash buffer: 1× phosphate-buffered saline (PBS) containing 0.1 % Tween 20. Mix 100 mL
of 10× PBS stock to 900 mL of ultrapure water. Add 1 mL of Tween 20 using a viscous
liquid pipette (see Note 1). 1× PBS can be prepared by other methods as long as it is free of
small particles (see Note 2). This buffer can be stored in a squeeze bottle at 4 ◦C for 1 year.

2. Dilution buffer: 1× PBS containing 0.05 % Tween 20. Mix 100 mL of 10× PBS stock to
900 mL of ultrapure water. Add 0.5 mL of Tween 20 using a viscous liquid pipette (see Note
1). This buffer can be stored at 4 ◦C for 1 year.

3. Blocking buffer: 3 % protease-free bovine serum albumin (BSA) kept at 4 ◦C, 1× PBS, and
0.05 % Tween 20. Mix 0.3 g BSA in 10 mL of dilution buffer. This solution is made fresh
when needed.

4. Capture antibody printing buffer: make a 2.9 m betaine, 35.7 % 2,3-butanediol in 1× PBS by
mixing 1.6987 g of betaine to 1.785 mL 2,3-butanediol using the viscous liquid pipette (see
Note 1), and 1.97 mL of 1× PBS. Dilute this concentrated printing buffer to the required
concentration by mixing with 1× PBS before adding to individual capture antibodies. The
final concentration for printing is 2 m betaine and 25 % 2,3-butanediol in 1× PBS when
antibodies have been added (see Note 3). This solution can be kept at room temperature for
up to a week. Do not store this buffer at 4 ◦C (see Note 4).

5. Detection antibody printing buffer: make a concentrated BSA-T20 solution by mixing 0.15 g
of protease-free BSA kept at 4 ◦C, 150 µL of wash buffer, and 4.85 mL of 1× PBS. When
preparing detection antibodies, mix the appropriate volume of this concentrated BSA-T20
(3 % BSA, 0.003 % Tween 20, 1× PBS) to pure glycerol using the viscous liquid pipette (see
Note 1) and 1× PBS so that the final concentration of the additives is 1 % BSA, 0.001 %
Tween 20, and 45 % glycerol solution in 1× PBS after adding the detection antibody stock
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solution (see Note 3). However, before adding the individual detection antibodies, filter the
solution containing BSA, Tween 20, and glycerol with a 0.45 µm sterile filter, a syringe, and
a hypodermic needle (see Note 5). Dispose of the hypodermic needle in a sharps container
according to local waste management regulations. This solution is prepared fresh daily.

6. Slide rinsing solution: make 50 mL or more of 5 % trehalose solution in water by mixing
2.5 g of trehalose to 50 mL of ultrapure water. This solution is kept at 4 ◦C in a squeeze
bottle.

7. Microarray slides: Xenobind slides (Xenopore Corp.) are standard size glass microarray
slides with a proprietary reactive aldehyde surface. PolyAn’s 2D aldehyde microarray slides
also work well with this protocol, as it has the right surface-binding capacity and chemistry
(see Note 6). Slides should be clean and free of dust or visible smudges. Their surface
coating should be homogeneous and can be verified by scanning slides at a high gain before
using. If slides are not clean, an in-house cleaning and quality control step can be performed
(see Note 7) but should be validated for each slide type.

B.2.2 Equipment

The ACM protocol requires a number of specialized equipment. Below is the list of equipment and
their characteristics or performance parameters that are critical to the success of ACM assays.

1. Microarray printing: printing is done using a contact microarray printer using custom-made
silicon quill pins with high liquid capacity [3]. The printer has a spot positioning accuracy
of 10 µm or less when microarray slides are taken out of the slide deck and replaced in
the same position after further processing. The capture and detection printing buffers are
compatible with silicon quill pins. Quill pins are treated once with the flame from an ordinary
kitchen torch which forms a plasma that makes the pin channels hydrophilic. During normal
operation, pins are washed with a soap solution, followed by distilled water, and then dried
using a vacuum pump or absorbent paper. Neither the source plate nor the slide deck is
cooled. An inkjet-type microarray printer can be used if it meets minimum performance
requirements (see Note 8). The printing chamber is kept free from dust by filtering the
incoming air to the humidifier and minimizing manipulations with hands inside the chamber.
Gloves and dust-free (clean room) lab coats are worn at all times in the roomwhere the printer
is located, and hair is tied or covered. A HEPA filter and dust-minimizing practices are also
recommended for this room. If using a 1536-well plate to dispense liquids, make sure that
the plate fits tightly in its enclosure and is well aligned. To facilitate loading the plates, they
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can be treated with a (gas) plasma. We found that 10 s at 100 W (PlasmaEtch PE-50) worked
well for 1536-well plate for detection antibody solutions. The 1536-well plate for capture
antibody solutions containing additives is not plasma-treated (see Note 9).

2. Rotary shaker: a type of flat rotary shaker that has a large surface area and small radius
of rotation is used in order to maximize mixing within the 7 mm2 wells. Moreover, it is
compatible with temperatures down to 4 ◦C. In order to improve the adhesion between
gaskets and the rotary shaker, a large, flat layer of polydimethylsiloxane (PDMS) is placed
on top of the surface (see Note 10).

3. Fluorescent scanner: a microarray scanner which scans microarray slides in less than 15 min
per slide at a resolution of 5 µm or less is recommended. At least one of the laser and filter
combination should be compatible with the AF647 dye.

B.2.3 Antibody Pairs and Antigens

Assays should be performedwith high-quality reagents that have undergone rigorous quality control.
Only antibody pairs that have been validated for use as a pair in ELISA or on a microarray are
used, and binding curves established using full-length proteins whenever available. All reagents
are verified for binding against the species of the samples to be measured.

1. Capture antibodies: these antibodies are typically monoclonal antibodies, purified and unla-
beled. If the stock concentration is not at least 0.25 mg/mL, a concentration and quantification
step is required prior to aliquoting in working volumes and storing at the appropriate temper-
ature as specified by the manufacturer. Capture antibodies should be free of carrier proteins
(e.g., BSA) and contain less than 5 % glycerol (see Note 11).

2. Detection antibodies: these antibodies can be monoclonal or polyclonal antibodies and are
purified and labeled with biotin. Other labels are possible (see Note 12) but should be
compatible with the labels of all other assays within a microarray slide’s subarray. Their
concentration is at least 0.1 mg/mL and they are aliquoted in working volumes and stored
according to the manufacturer’s instructions. If the concentration is too low, a concentration
step, for example, using spin columns, may be used before aliquoting and storing.

3. Antigens: antigens are typically recombinant and purified. Antigens that are obtained from
animals or humans and purified can lead to significant cross-reactivity with other targets
within the subarray (seeNote 13). Antigen stock solutions should have as high concentration
as possible for better storage stability and can be stored in the presence of carrier protein such
as BSA in order to improve their shelf life.
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B.2.4 Other Materials and Equipment

1. Microarray gaskets: the microarray gaskets used are Grace Bio-Labs ProPlate® Multi-Array
Slide System, more specifically the gaskets with metal clips and 16 wells (2 × 8) that allow
us to incubate 16 different samples per microarray slide. Printing of microarray slides is
designed to print 16 identical subarrays that correspond to the 16wells of the gasket. Different
gasket layouts can be used in order to have more or less targets and samples on each slide as
long as the microarray printing layout is adjusted.

2. Compressed nitrogen stream: many fluorescent dyes are sensitive to heat, oxygen, ozone,
and light. When drying microarray slides, it is very important to use a stream of compressed
gas that is free of oxygen in order to avoid degradation of the AF647 reporter dye.

3. Square 24.5 cm2 petri dishes (optional, see Note 10).

4. Solvent- and water-resistant permanent marker (see Note 14).

5. Microfiber cloth.

6. 1536-well plate, not plasma-treated (see Note 9).

7. 1536-well plate, plasma-treated (see Note 9).

8. Pure ethanol, for washing.

9. 8-channel multichannel pipette.

10. Dust-free, ozone-free sealed room with HEPA filter.

11. 4 ◦C storage, ideally a cold room.

B.3 Methods

B.3.1 Sample Storage

Samples of serum, plasma (EDTA, heparin, citrate, or CTAD), or other biological fluids such
as urine, cell culture supernatant, saliva, or cerebrospinal fluid can be collected using standard
procedures. Serum samples are allowed to coagulate for 30–60 min before centrifugation. All
samples are centrifuged for 10 min at 1500× g at room temperature to remove cells and other
particles. The supernatant can be aliquoted in working volumes and kept at −80 ◦C for short
periods of time (less than 1 year). For longer storage, samples are kept in the dry phase of a liquid
nitrogen storage system.
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B.3.2 Capture Antibody Printing

1. Mark clean slides with a small black line at the top right corner to identify the printed side,
using a permanent marker that does not dissolve in water nor ethanol (see Note 14). In
addition, identify each individual slide in the bottom corners using the same marker. Take
care to always handle microarray slides by the sides, never touching the top or bottom with
your hands or gloves.

2. Prepare the pin printer for printing by turning on the humidity to 65 % at room temperature
and cleaning the pins according to the manufacturer’s instructions. Make sure all wash buffer
containers are full and waste recipients are empty. The humidity in the printing chamber
should be stable before capture antibody solutions are placed in the printer. Verify printer
alignment (see Note 15).

3. Prepare capture antibody solutions. Capture antibodies are printed at a concentration of
0.1 mg/mL in the capture antibody printing buffer, and the final concentration of additives
is exactly 2 m betaine and 25 % 2,3-butanediol. For example, mix 2 µL of an antibody that
has a stock concentration of 1.0 mg/mL to 8 µL of a capture antibody printing solution that
contains 2.5 m betaine and 31.3 % of 2,3-butanediol. Any significant increase or decrease
of the concentration of additives can prevent reproducible printing across all slides due to
evaporation or swelling of solutions while printing. If loading a 1536-well plate, preparing
10 µL is sufficient for each individual antibody. If fluorescence signal is too low for all
spots for a specific antibody solution, or if spots have streaks in their near vicinity, slightly
increase or decrease the concentration accordingly until no streaking is seen and sufficient
fluorescence is obtained for all spots (see Note 16).

4. Load 8 µL of each capture antibody solution into the 1536-well plate using pipette tips that
are long and thin (e.g., as is used for loading polyacrylamide gels). Place the bottom of the tip
at one of the bottom corner of a well before dispensing the solution slowly; this will ensure
that no bubble is formed at the bottom of the well. The source well plate used for the capture
antibody solutions is not plasma-treated (see Note 9).

5. Quickly remove dust from microarray slides using a stream of compressed nitrogen before
loading them, as well as the 1536-well plate, into the printer when the relative humidity
has reached 65 % in the printing chamber. Set up the printing program to print at least
three technical replicate spots of each solution per subarray, and 16 identical subarrays on
each microarray slide, in locations that fit exactly the 16-well gaskets used. The spacing
between spots is at least 200 µm to prevent spots from merging during printing or the
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subsequent incubation. Make sure that the microarray slides are secured in their position in
a reproducible manner (see Note 17).

B.3.3 Slide Blocking

1. Clean and assemble gaskets to make them free of dust or chemical residues (see Note 18).

2. Apply incubated microarray slides onto the gaskets. Mark the top right corner of the slide
on the gasket using a small tape, along with the microarray slide number.

3. Wash slides with wash buffer in a squeeze bottle (see Note 19) by filling the gasket wells
halfway with wash buffer, dumping the wash buffer, repeating twice, followed by filling the
gasket wells halfway with wash buffer, and leaving on the rotary shaker for 5 min at room
temperature and 450 rotations per min (rpm). An entire wash cycle consists in repeating the
above step 3 times in total.

4. After microarray slides are washed, load 80 µL of blocking buffer into each well using an
8-tip multichannel pipette, and incubate on the rotary shaker for 3 h at room temperature,
450 rpm.

B.3.4 Antigens and Sample Incubation

1. Prepare the antigen standard curve. Antigens are added to dilution buffer as a mixture of low
volumes of stock for each antigen before diluting. If the antigen stock concentration is too
high to measure at least 1 µL of antigen stock solution into the mixture, then pre-dilute with
dilution buffer as necessary. The final mixture containing all antigens to be assayed is diluted
1:2.5 15 times by mixing 66.6 µL of the previous concentration to 100 µL of dilution buffer.
Each antigen starting concentration (i.e., its individual concentration in the original mixture)
is picked such that 15 serial dilutions cover the entire s-shape of the assay standard curve (see
Figure B.2). Increase or decrease the starting concentration of an individual antigen in the
mixture as needed to shift the resulting s-shaped curve.

2. Retrieve samples from storage and let them thaw for at least 10 min at room temperature
or longer at 4 ◦C. Mix individual samples by pipetting up and down before diluting them.
Prepare the samples by diluting them at 1:3 and 1:50 in dilution buffer. For example, mix
31.8 µL of pure serum or plasma to 63.6 µL of dilution buffer to make the 1:3 dilution. Mix
5.4 µL of the 1:3 dilution to 84.6 µL of dilution buffer to make the 1:50 dilution for a sample.
Use multiples of these quantities for replicate samples.
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3. Dump the blocking buffer from the microarray slides. Knock the remaining liquid from the
gaskets by hitting a dust-free surface. Use a dry microfiber cloth (see Note 20) to wipe
the top of the gasket to prevent well-to-well contamination (see Note 21). Do not leave
the microarray slide to dry. Immediately load the samples for one microarray slide before
dumping the blocking buffer for the next microarray slide.

4. Place all the microarray slides in a square 24.5 cm2 petri dish with PDMS at the bottom (see
Note 10). Close the petri dish with its lid, and seal it with two full layers of paraffin film.

5. Incubate overnight (minimum 16 h) at 4 ◦C on the rotary shaker, at 450 rpm.

B.3.5 Detection Antibody Printing

1. Prepare the pin printer for printing by turning on the humidity to 65 % at room temperature
and cleaning the pins according to the manufacturer’s instructions. Make sure all wash buffer
containers are full and waste recipients are empty. The humidity in the printing chamber
should be stable before both the detection antibody solutions and the microarray slides are
placed in the printer. Verify alignment of the printer head (see Notes 15 and 17).

2. Prepare detection antibody solutions. Detection antibodies are printed at a concentration of
0.01 mg/mL in the detection antibody printing buffer, and the final concentration of additives
should be exactly 45 % glycerol, 1 % BSA, and 0.001 % Tween 20. For example, mix 1 µL of
an antibody that has a stock concentration of 0.2 mg mL−1 to 19 µL of a detection antibody
solution that contains 47.4 % glycerol, 1.053 % BSA, and 0.001 053 % Tween 20. Because
the detection antibody solutions are prone to making bubbles when mixing the components
by pipetting up and down, make 20 µL even though only 8 µL is loaded onto a 1536-well
plate.

3. Load 8 µL of each detection antibody solution into the 1536-well plate using the long and
thin pipette tips. Place the bottom of the tip at one of the bottom corner of a well before
dispensing the solution; this will ensure that no bubble is formed at the bottom of the well.
The source well plate used for the detection antibody solutions is plasma-treated for proper
loading without bubbles (see Note 9).

4. Incubate the slides at room temperature for 30 min before removing the paraffin film from
the large square petri dish. This allows the slides to be at room temperature for further
processing.
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5. Wash microarray slides twice with washing buffer by performing two times Subheading
B.3.3, step 3.

6. Rinse microarray slides rapidly in their gasket three times with PBSwithout Tween 20. Dump
the PBS from the gaskets. Add 80 µL of slide rinsing solution to the gaskets and incubate
5 min at room temperature on the rotary shaker at 450 rpm.

7. Dump the slide rinsing solution from the gaskets. Remove the gasket from the microarray
slide and rinse the top side of the slide with more slide rinsing solution with a squeeze bottle.

8. Immediately dry the slide under a forceful, perpendicular stream of compressed nitrogen.
This step is done to ensure that a small consistent film of trehalose is left on the surface to
protect the complexed capture antibodies and antigens spots during the detection printing
step (see Note 22). Wash and dry a single microarray slide at a time.

9. Print all slides in the same order that capture antibody solutions were printed. Detection
antibodies are printed directly atop their corresponding capture antibody solutions. Incubate
the slides for 24 h after printing is finished to allow detection antibodies to fully bind to the
targets. Printed spots should be visible on the microarray slides, immediately after printing
and also after the incubation.

10. Clean and assemble gaskets (see Note 18).

B.3.6 Streptavidin Incubation

1. Apply incubated microarray slides onto clean gaskets. Mark the top right corner of the slide
on the gasket using a small tape, along with the microarray slide number.

2. Wash microarray slides by performing Subheading B.3.3, step 4.

3. Prepare a solution of 0.5 µg/mL of streptavidin-AF647 in blocking buffer and apply 80 µL
in each well using a multichannel pipette. To apply to several slides, apply in the same order
that washes will be performed, waiting 15–20 s in between each slide (see Note 23).

4. Incubate for 30 min at room temperature on the rotary shaker at 450 rpm. The microarray
slides are kept in the dark at this point because of the presence of a fluorescence marker.

5. Wash microarray slides again by performing Subheading B.3.3, step 4.

6. Remove the gasket and rinse both sides of the microarray slide with distilled water from a
squeeze bottle or a gentle flow from a distilled water tap.
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7. Immediately dry the microarray slide under a forceful stream of compressed nitrogen that is
parallel to the small axis of the microarray slide, in order to remove all droplets of water.
Rinse and dry a single microarray slide at a time.

B.3.7 Fluorescence Scanning

1. If using a fluorescence scanner that scans through the back of the slide, polish the back of
all microarray slides using a dry microfiber cloth (see Note 20). Remove the microfiber dust
particles using a stream of compressed nitrogen.

2. Turn on the scanner and allow enough time for the lasers to warm up. Refer to the manufac-
turer’s instructions.

3. Set the photomultiplier gain to an appropriate number. This gain should be the highest that
leads to no saturated pixel (see Note 24).

4. Scan all the microarray slides as quickly as possible after the experiment is done, and in as
little time as possible (see Note 25).

5. Save all images as TIFF images. If compressing images, make sure that the compression
algorithm is loss-less (see Note 26).

B.3.8 Data Extraction and Analysis

1. Verify that none of the microarray slide pictures have saturated pixels (see Note 24).

2. Align grids onto the TIFF images to extract all technical replicate spots on all subarrays and
on all microarray slides. Grid spot size should be at least half of the size of the actual spots.
For spots of approximately 100 µm in size, we use a grid spot size of 60 µm diameter.

3. Extract the data by outputting the raw fluorescent intensity. There should be no negative
value in this data.

4. Log-transform the data by calculating the log10 of each individual outputted value.

5. Perform outlier removal using Peirce’s criterion or Grubbs’ test (see Note 27). Calculate
the mean and standard deviation of technical replicates to obtain a log-transformed raw
fluorescence intensity value for a specific assay in a given sample, sample replicate, blank,
or standard curve dilution. Note that the value of the concentration of antigen should also be
log10 transformed.
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6. Perform a four-parameter logistical curve fit on each individual assay’s standard curve using
the values obtained in Subheading B.3.8, step 5. It is important to use the standard deviations
obtained for the standard curve dilutions to obtain a more accurate curve fit.

7. In order to calculate the limit of detection for a curve fit, calculate the mean and standard
deviation for all blank values (obtained in Subheading B.3.8 step 5) for a given assay within
the experiment. Interpolate the value calculated by taking the mean + three times the standard
deviation into the curve fit for the given assay. The concentration obtained is the log10 value
of the lowest quantity of antigen that can be quantified using the assay.

8. In order to calculate the reproducibility for a given assay, interpolate all individual values
from the replicate sample. Divide the standard deviation of all the quantities obtained by the
mean of all those quantities. The value obtained is the coefficient of variation (%CV) for this
assay.

9. Interpolate the values obtained in Subheading B.3.8 step 5 for all samples in the curve fit
for a given assay to obtain the quantities measured in that sample. If the values obtained
at dilution 1:3 cannot be quantified because they are above the maximum value from the
standard curve, quantify the samples in the 1:50 dilution. Multiply the quantities obtained
by the dilution in order to infer the concentration in the original sample (see Note 28).

B.4 Notes

1. The volume and concentration of viscous liquids to be measured are critical for this ap-
plication. Therefore, in order to measure viscous liquids such as glycerol, Tween 20, or
2,3-butanediol, we recommend using a viscous liquid pipette which uses a piston to displace
the viscous liquid rather than air.

2. The 1× PBS solution used throughout the protocol should be free of small particles that
are often autofluorescent and can easily bind to the microarray surface or sometimes lead to
missing spots if particles clog the silicon quill pins. For this reason we recommend buying a
10× PBS stock solution that has been prefiltered by the manufacturer.

3. Antibodies are normally supplied as liquid in a PBS buffer base, or freeze-dried, in which case
they are reconstituted in PBS. The presence of up to 5 % of glycerol or other cryopreservative
chemicals did not affect our experiments. Antibodies supplied in a different buffer than
PBS might also be used but should be individually tested. For calculations, we made the
assumption that antibody stock solutions are the equivalent of 1× PBS.
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4. At a concentration of 2 m betaine and 25 % 2,3-butanediol, the capture printing buffer can
safely be kept at 4 ◦C; however, at higher concentrations of betaine, this chemical can
precipitate out of solution when kept at 4 ◦C. For this reason, it is best to keep the capture
printing buffer at room temperature.

5. For the same reasons as listed (see Note 2) and because BSA has particles that can lead to
missing spots, the detection printing buffers are filtered with a sterile 0.45 µm filter prior to
mixing with individual stock detection antibody solutions. We do not recommend filtering
the solutions once antibodies have been added, because the volumes are too small, in the
range of 10–20 µL. However, 1 mL of the detection printing buffer containing glycerol,
BSA, and Tween 20 can be filtered using a 3 mm luer-lock filter and a 1 mL sterile luer-lock
syringe. A 1.5′′ 18 G hypodermic luer-lock needle can be fitted to the 1 mL syringe to pick
up the detection printing buffer before filtering. Dispose of the needle in a sharps container
according to local waste management regulations.

6. The capture antibody printing buffer was optimized to work well on a 2D reactive aldehyde
surface. While other surfaces with higher antibody-binding capacity were identified (e.g.,
high-capacity epoxy surfaces), antibody-target binding was strongest on the reactive aldehyde
surface suggesting that antibodies were less denatured or less crowded.

7. Xenobind microarray slides can be cleaned by sonicating ten slides at a time in distilled water,
followed by a quick rinse with distilled water and then pure ethanol using squeeze bottles,
immediately followed by dryingwith a stream of compressed nitrogen. It’s very important not
to let the ethanol air-dry on the microarray slides, as it can leave visible chemical smudges.

8. The main requirements for the microarray printer are spot absolute positional accuracy in
both the printing and in positioning slides on a deck, the compatibility with the high-viscosity
printing buffers, and printing speed. Slower (several hours) printing leads to degradation
of assay signal for spots that are printed earlier and therefore gives a worse reproducibility
performance for the assay.

9. Excessive plasma treatment of microplates can lead to cross-contamination between wells
as liquid films form on the surface, and the optimal plasma processing time should be
carefully verified. We observed that when loading printing buffers containing betaine and
2,3-butanediol on a 1536-well plate, contamination between adjacent wells occurred readily.
Therefore, the 1536-well plate used for capture antibody solutions is not plasma-treated. The
additives present in the detection printing buffer (glycerol and BSA) do not however flow
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easily onto the plastic surface and therefore require a short 10 s plasma treatment in order to
easily be loaded into the 1536-well plate.

10. We prepared a flat PDMS surface that we laid on top of the rotary shaker surface by curing
approximately 200 mL of PDMS in a 24.5 cm2 square petri dish normally used for cell culture.
Cured PDMS (Sylgard® 184, Corning) is prepared by mixing a ratio of 1:10 of curing agent
to the polymer base, mixing thoroughly by hand before pouring into the petri dish. The dish
is allowed to stand for 30 min to allow bubbles to escape and is then cured in a 60 ◦C oven for
a minimum of 8 h. The PDMS can then be removed from the petri dish if needed. This step
is optional if multiple microarray slide gaskets can be secured at once to the rotary shaker
surface.

11. The presence of more than 5 % glycerol in the capture antibody printing solution can signif-
icantly hinder binding of the antibodies to the surface.

12. If all detection antibodies within an assay are biotinylated, then all can be detected using a
fluorescently labeled streptavidin. Alternatively, detection antibodies can be directly labeled
with a fluorescent molecule. If detection antibodies are not labeled, they should (1) have been
made in an animal species different than that of the capture antibody and (2) be probed with a
secondary antibody made in the same species as that of the capture antibody in order to avoid
cross-reactivity to the capture antibody. For example, if the capture antibody of an antibody
pair is a mouse IgG and the detection antibody is a goat IgG, then the labeled secondary
antibody should be a mouse anti-goat IgG. However all matched antibody pairs should be
compatible with the labeled secondary antibody within a subarray. Any other combination
(such as a capture antibody that is a goat IgG) will lead to false-positive signals due to the
labeling of the capture antibody rather than the detection antibody for this assay.

13. Proteins that are obtained by purification from animal or human samples (e.g., cancer related
and other proteins that have particular glycosylation patterns that cannot readily be reproduced
by recombinant protein synthesis methods) often contain impurities in the form of unrelated
proteins, some of which may be targets in the same subarray. This can lead to significant
assay signal and cross-reactivity in the standard curves of other targets even in the absence
of those targets’ specific recombinant antigens [383].

14. Marker pens that dissolve in either water or organic solvents readily leak onto the slide and
may smear the surface with highly fluorescent chemicals. We suggest using the solvent-
resistant permanent marker from Thermo Fisher Scientific (laboratory marking pen, ref.
#2000) which doesn’t leak or smear using this protocol.
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15. Alignment of printing between the capture and the detection steps is critical for the success of
this assay. For some printers, it is as simple as avoiding re-initialization of the printer between
the two printing rounds. For others which suffer from printing position drift with time, a
method for calibrating the printing head position is necessary. A microscope calibration
slide can be used for this in the following way. First, wash the microscope calibration slide
with pure ethanol using a squeeze bottle, and dry it with a stream of compressed nitrogen.
Before the capture antibody printing step, quickly print a subarray on top of the calibration
area, using a solution of 50 % glycerol in PBS. View the printed calibration spots under a
microscope and make note of the position of a specific spot which lies within the calibration
area, compared to the center of the slide. Before performing the detection antibody printing,
redo this procedure. Adjust printing margins to compensate for any misalignment that
occurred between the two printing rounds.

16. Individual capture antibodies will bind to the surface with different affinities and at different
rates. To increase the amount of capture antibody bound on the surface, increase the
concentration of that antibody in its printing solution while keeping the concentration of
additives (betaine, 2,3-butanediol) the same. Conversely, if fluorescence signals are too
strong or streaking is observed around a specific capture antibody, decrease its concentration
in the printing solution while keeping the concentration of additives the same. The streaking
is due to the surface being saturated by the capture antibody solution and the presence of
unbound capture antibodies which quickly bind to the surface during the initial washing,
prior to blocking the microarray slide surface.

17. The proper alignment of detection antibody spots onto their corresponding capture antibody
spots requires a very precise positioning of the microarray slides within a slide deck and
the accurate alignment of the printing head prior to both printing rounds (see Note 15).
Therefore it is important that slides can be positioned accurately and reproducibly within
the slide deck (with less than 10 µm variability). A spring-clamped slide deck and a proper
manual technique for loading slides are essential and can achieve this reproducibility.

18. Gaskets that have dust or a very hydrophilic surface can lead to contamination between wells
because of an incomplete seal. In order to thoroughly wash gaskets, our method is to first
rinse all parts in a mild soap solution, then rinse many times with distilled water, and finally
dip for 10–15 s with shaking in pure ethanol. The gasket parts are then dried with a stream
of compressed nitrogen, before being assembled and ready for use. They are then stored in a
closed petri dish that prevents dust from falling on them.
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19. It is important to wash the microarray slides with wash buffer with enough force, which is
why the wash buffer is placed in a squeeze bottle. This helps prevent fluorescent streaks on
the microarray surface. If streaking of certain spots is still seen in spite of proper washing,
slightly decrease the concentration of the capture antibody in the solution for the streaking
spots (see Note 16).

20. Because paper generates a lot of fluorescent dust particles, even low-dust clean-room paper is
avoided when wiping microarray slides or surfaces within the working environment. Instead,
we use a microfiber cloth of the like that is used to clean lenses or eyeglasses. Particles
generated by microfiber cloth are not fluorescent, and they can easily be removed with a
stream of compressed nitrogen.

21. If a small film of liquid is present at the top of the gasket, it can lead to contamination between
wells when samples and antigens are shaken. Do not cover the gasket unless this cover has a
liquid-tight seal. Any seal that is not tight will also lead to contamination between wells and
falsify results.

22. Most antibodies and antigens will degrade at varying speeds after they are dried on the
surface. Therefore, spots should be protected with 5 % trehalose which was found to slow
down degradation and in many cases even prevents it. The actual quantity of trehalose left on
the surface after drying with the stream of compressed nitrogen is dependent on the drying
method. A stream that is strong, and head-on, was found best to achieve an even surface.
If the detection spots spread and lose their shape on the surface during detection antibody
printing, then there is too much trehalose on the surface. It is then recommended to use a
stronger stream of nitrogen and to hold the nozzle close to the microarray slide (2–3 cm),
although using a slightly less concentrated solution of trehalose is also possible. However, a
lower concentration of trehalose can lead to more degradation of antibodies and antigens.

23. Binding of streptavidin to the detection antibodies is not limited by the concentration of
streptavidin used in these experiments. However, the streptavidin signal will increase with an
increase in incubation time. In order to maximize reproducibility across slides, it is important
to incubate the streptavidin solution for exactly the same amount of time per slide. Therefore,
if it takes 15 s to wash a single slide, apply the streptavidin solution to each slide with a 15 s
delay between each slide. This will ensure that all slides have exactly the same streptavidin
incubation time.

24. Saturated pixels are pixels that have the maximum value (or very close to the maximum value
of 65,535 in a 16-bit system) and are in fact too high to be recorded by the scanner at the gain
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used. This leads to a loss of data and falsification of results. If a significant number of pixels
are saturated for a given gain, all slides of the experiment should be re-scanned with a lower
gain.

25. Fluorophores in a dry state slowly degrade in the presence of air (humidity, oxygen, heat),
even in a sealed room where ozone is actively removed. For this reason it is important to scan
all the slides in an experiment as quickly as possible to minimize the effect of this degradation
on reproducibility. If it is necessary to scan slides multiples times at different gains, then
first scan all slides at an initial gain, and then scan all of them at a second higher or lower
gain depending on the results, rather than scanning each slide at multiple gains. This will
maximize reproducibility between microarray slides.

26. When saving fluorescence images of microarray slides, it is very important to save the
image data with high dynamic range (16 bit or 20 bit) while avoiding image compression.
Formats such as GIF or JPEG may only accommodate 8 bit images and compress the data
with information loss that will likely lead to false results. Image formats such as TIFF
accommodate 16-bit and 20 bit images and also allow compression using loss-less LZW
algorithms for example.

27. In instances where the number n of technical replicates is very low, the mean and standard
deviation of the group of technical replicates is very sensitive to the presence of outliers.
Therefore a test or method for removing outliers that is efficient at low n is required. A
minimum of three technical replicates is required for proper statistics. Grubbs’ test performs
well with n = 3 or more, while Peirce’s criterion only works with n = 4 or more.

28. Protein quantification is subject to matrix effects that limit the comparison of quantities of
a target obtained in samples within a single dilution. Because of the matrix effects, the
concentration values are not considered to be absolute, and a target concentration inferred
from the 1:3 dilution may be lower than the one inferred from the 1:50 dilution. Different
targets are subject to different matrix effects depending on the sample type and the dilution.
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APPENDIXC

Evaluating mixtures of 14 hygroscopic additives: Supplementary
Material

This appendix describes the Supplementary Material to chapter 3.
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Figure C.S1: Evaporation of mixtures of additives. Percentage of liquid length remaining in a
pin after 10 minutes for different single additives and pairwise mixtures with a total of 30 %v/v in
PBS shows that the ability of a mixture of two additives to prevent evaporation is equal to that of a
single additive in equal total concentration.
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Figure C.S2: Immobilization signal of cAb printed with different additives. Fluorescently
labeled anti-goat IgG was printed with different printing buffers on (a) Xenobind, (b) Slide H, (c)
Slide E and (d) Slide AL. Printing buffers were composed of PBS containing 50 % of one additive
listed above or 25 % of two additives each. We evaluated the immobilization of the cAb to the
surface expressed as the ratio to the signal obtained by printing with glycerol 50 % on Xenobind
(indicated by arrow). Dashed outlines indicate signal values ≥ 1.5 compared to 50 % glycerol on
Xenobind. Hatched boxes represent unquantifiable data due to spot morphology or spots merging.
Light blue dashed outlines on two boxes in (a) and (b) indicate the two mixtures of additives and
slides that were found to be optimal because of their excellent spot morphology and binding signal
intensities.
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Figure C.S3: Binding activity of cAb printed with different additives. Fluorescently-labeled
anti-goat IgG was printed with different printing buffers on (a) Xenobind, (b) Slide H, (c) Slide E
and (d) Slide AL. Printing buffers were composed of PBS containing 50 % of one additive listed
above or 25 % of two additives each. Slides were then incubated with fluorescently-labeled goat
IgG analyte and the ratio of immobilization signal to binding signal is used to evaluate the cAb
activity, shown here. The cAb activity is compared to that of 50 % glycerol on Xenobind (indicated
by arrow). Dashed outlines indicate signal values ≥ 1.5 compared to 50 % glycerol on Xenobind.
Hatched boxes represent unquantifiable data due to poor spot morphology or spots merging. Light
blue dashed outlines on two boxes in (a) and (b) indicate the twomixtures of additives and slides that
were further optimized because of their excellent spot morphology and binding signal intensities.
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Figure C.S4: Spotmorphology of cAb printed with different additives. Representative pictures
of direct immunoassays with cAb printed in each printing buffers. The fluorescence signal is from
the fluorescent analyte (binding signal).
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Table C.S1: Spot intensity profiles of cAb printed with different additives. The uniformity
and quality of spots was evaluated by plotting the fluorescence intensity profile of two adjacent
spots using ImageJ software. The blue shading highlights buffers selected for further testing based
on signal intensity and spot morphology (sharp edges and a uniform plateau).

Xenobind
50 % EtGly 2 m Betaine + 25 % PEG1000 25 % EtGly + 25 % DMSO 25 % 1,3-But + 25 % DMSO

25 % 1,3-But + 25 % EtGly 25 % 2,3-But + 25 % EtGly 2 m Betaine + 25 % EtGly 2 m Betaine + 25 % 1,3-But

2 m Betaine + 25 % 2,3-But 25 % DMSO + 25 % PEG1000 50 % 2,3-But 25 % 2,3-But + 25 % DMSO

Slide H
50 % DMSO 50 % EtGly 25 % EtGly + 25 % DMSO 25 % 1,3-But + 25 % DMSO

25 % 2,3-But + 25 % DMSO 25 % 1,3-But + 25 % EtGly 25 % 2,3-But + 25 % EtGly

Epoxy
50 % DMSO 50 % EtGly

Aldehyde
50 % EtGly 2 m Betaine + 25 % Glycerol 25 % EtGly + 25 % DMSO
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Table C.S2: pH of select buffers in PBS and carbonate buffers. Buffers with additives were
prepared fresh. The pH was measured using a calibrated Fisher Scientific Accumet Basic AB15,
after the reading was stable for at least 10 s.

Prepared in

Printing Buffers (additives) PBS pH 7.4 Carbonate pH 9.8
1 50 % Glycerol 6.75 9.44
2 2 m Betaine + 25 % EtGly 8.11 10.45
3 2 m Betaine + 25 % 1,3-But 8.39 10.83
4 2 m Betaine + 25 % 2,3-But 7.96 10.63
5 50 % DMSO 9.59 12.22
6 50 % EtGly 7.53 10.06
7 25 % EtGly + 25 % DMSO 8.35 10.93
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a

b

Figure C.S5: Effect of pHandbuffer composition on cAb immobilization and analyte binding.
The selected combinations of additives were prepared in both PBS pH 7.4 and carbonate buffer
pH 9.8 and used to print fluorescently-labeled anti-goat IgG on (a) Xenobind and (b) Slide H. The
slides were incubated with fluorescently-labeled goat IgG, rinsed and scanned for red and green
fluorescence signals. The cAb immobilization signal (closed and gray bars) and analyte binding
signals (hatched and open bars) are shown, respectively. These results show that printing with
additives in PBS leads to greater signals on both surfaces.
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Figure C.S6: Evaluation of varying additive ratios on cAb immobilization and binding signal.
(a) cAb immobilization and binding signals obtained from printing cAbs in buffers containing
varying proportions of betaine and 2,3-But on Xenobind. (b) Spots printed in 45 % 2,3-But
and 0.5 m betaine give the highest immobilization signal but poor spot morphology compared to
spots printed in 25 % 2,3-butanediol and 2 m betaine. (c) cAb immobilization and binding signals
obtained from printing cAbs in buffers containing varying proportions ofDMSOandEtGly on Slide
H. The optimal ratio for each buffer were selected based on binding signal and spot morphology
and are indicated by (*).
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Figure C.S7: Evaluation of the evaporation of printing buffers in the source well plate.
Anti-goat IgG diluted in printing buffer with different additives was loaded once in a source well
plate of an inkjet (GeSim nanoplotter 2.0) printer. Every two hours, a whole Xenobind slide was
printed with each buffer from the same source well. The slides were incubated with fluorescently-
labeled goat IgG as analyte, whose signal intensity is shown here as binding signal. Evaporation
of the buffer is expected to lead to higher concentration of cAb, leading to a greater density of
antibody on the surface and higher binding signals. Results show increasing signals over time
when printing with 10 % and 20 % glycerol, but no significant increase when printing the cAb in
25 % 2,3-butanediol and 2 m betaine on Xenobind. These results suggest that there is evaporation
from the 10 % and 20 % glycerol, but not form the optimized buffer additive mixture.
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APPENDIXD

Improving ACM reproducibility with calibration: Supplementary
Material

This appendix describes the Supplementary Material to chapter 4.
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Supplementary Methods

SC parameters

The uncalibrated assay data was used to determine standard curve (SC) parameters that were
subsequently used in the calibration computation. Two or three SCs were generated for each
protein. An SC was considered valid if a- a well-fitted curve fit was generated from the data, b-
the hill slope was between −3 and −0.18, and c- the fluorescence signal increased with an increase
in Ag concentration. Additional constraints were placed on calibrated SCs, they consisted in less
than 50 % variation on the hill slope and inflection parameters. The following SC parameters were
determined. First the SC number was picked, and using that chosen SC, the rest of the parameters
were chosen.

• SC number: large experiments contained two or three microarray slides with an SC rather
than samples, blanks and sample replicates. To choose which SC to use for quantification on
a per-protein basis, we considered whether the SC is valid and which SC had a better LOD.

• Fluorescence threshold: since the cAb printing buffer led to a slight fluorescence signal in
the absence of any Ag or dAb, spots where no cAb were spotted could be removed by setting
a fluorescence threshold that roughly corresponds to the value of the microarray background
signal. In the distribution, this generally showed a bi-modal distribution where one or a very
small number of values were significantly lower than the rest. By setting this fluorescence
threshold, we are effectively ignoring values for which no cAb were spotted.

• Hook number: some SCs had a quickly saturating and then decreasing signal above a certain
fluorescence value, that can be attributed to the hook effect [384]. The values that are
decreasing below the maximum of the curve is of no use in standard curve fitting, therefore
a hook number was used to remove one or more antigen concentrations from the standard
curve for fitting after manual inspection of standard curves.

• Dilution: The distributions of samples and replicates compared to blanks were examined to
choose a preferred dilution for sample quantification and analyzing certain SC performance
parameters. Because a sample’s matrix effect is greater at lower dilutions, a higher dilution
was preferred but only if the lowest value of the replicates and samples were above the highest
value of the blanks for the higher dilution. If that was not the case, the lower dilution was
used, indicating that these proteins were found in very low quantity in the samples and more
samples would be quantified by using the lower dilution.
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SCs were used only when there were no unquantified replicates at the chosen dilution and for a
given protein. Because most proteins had unquantified samples above the LOD, we decided to
analyze the clinical data with fluorescence values. Therefore quantified sample replicates were
only used to compute SC performance values.

Calibration slopes

Values for the subarray calibrant and its corresponding spot calibrant were calculated as the mean
of the three replicates. If an outlier was found using Grubbs’ test, the outlier was removed from the
mean calculation. For the computation of calibration slopes, the data spots and their corresponding
spot calibrants were considered individually. Calibration slopes were obtained using Theil-Sen
estimators linear fits of four distinct groups of data:

• CSElocal: Calibration slopes were calculated for each local group of microarrays containing
sample replicates of both low and high dilutions. The mean or median of all the local slopes
was used to calculate global slopes. For algorithms involving more than one calibration
slope, the global slope was used to calculate all but the last applied calibration slope to the
algorithm.

• CSElocal-PPD: Calibration slopes were calculated for the local groups of microarrays contain-
ing sample replicates of the dilution determined to be optimal for each individual protein.
Themean or median of all the local slopes was used to calculate global slopes. For algorithms
involving more than one calibration slope, the global slope was used to calculate all but the
last applied calibration slope to the algorithm.

• CSEglobal: Calibration slopes were calculated for each sample replicate type and dilution
combination across the whole experiment. Global calibration slopes were calculated from
the mean of these slopes using different combinations of sample replicates type and dilution.

• CSEglobal-PPD: Calibration slopes were calculated for each sample replicate type and dilution
combination across the whole experiment. Global calibration slopes were calculated from
the mean of the slopes using different combinations of sample replicates type at the dilution
determined to be optimal for each individual protein.

The calculated global calibration slopes were then applied to uncalibrated data to obtain calibrated
data using the five algorithms shown in Figure ??.
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Standard curve fitting

Standard curve fits were computed for uncalibrated data as well as each calibration algorithm.
All assay values below the computed fluorescence threshold were ignored in further calculations.
Standard curve values determined to show a hook effect were also ignored in the standard curve
fit calculation. Standard curves were fitted using a 4-parameter logistic model and the nlsLM R
function which implements the Levenberg-Marquardt fitting algorithm and requires estimating the
bottom and top asymptotes of the standard curve. These were estimated using the lowest and
highest values from the assay data used to calculate the standard curve. The model inflection and
hill factor estimates were set to 3000 and −1, respectively. Outliers among technical replicates
were ignored, and the remaining individual technical replicates was used to calculate the standard
curve fit. A second round of fitting using the same function (recursively, with a maximum iteration
of 500) but applying weights to the fitting algorithm was used to obtain a better-fitting curve fit
with smaller residual weighted sum of squares. It essentially placed less emphasis on the points
in the curve which had less accuracy. In the case that the resulting standard curve fit was invalid,
the initial standard curve fit was subsequently used for assay data quantification. Likewise if the
original standard curve fit from the uncalibrated data was deemed non-valid, the fit was ignored
from further calculations and samples were left unquantified. The mean of technical replicates
without outliers for blanks, sample replicates and samples values were interpolated in the final
standard curve fit to obtain quantified data.

Standard curve fit performance

The global limit of detection (LOD) was calculated by interpolating the mean plus three standard
deviations of all the blanks into the standard curve fit, while the local LODs were calculated
using only blanks within a single local group of microarrays. Global reproducibility (coefficient
of variation - %CV) was calculated by dividing the standard deviation by the mean of all the
quantified values above LOD for a given replicate type and dilution, multiplied by 100. Local
reproducibility was calculated using only the quantified values of sample replicates within a local
group of microarray slides. Quantification range (QR) was calculated by interpolating the values
corresponding to 5 % above the bottom and below the top of the standard curve fit and is a measure
of the theoretical range of the standard curve fit in terms of antigen measurement. Similarly, the SC
range with 25 % accuracy, called the accuracy range (AR) is a description of the range of antigen
values for which the quantification is accurate at or below 25 % and was determined by a Taylor
series approximation [228]. Residual errors from validation samples are a type of coefficient of
variation and were calculated using quantified values which were above the LOD, by dividing the
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mean difference between quantified values and the linear fit and the mean value of the linear fit,
multiplied by 100.

Determination of combined algorithm data

For each protein, the reproducibility of quantified values for uncalibrated and calibrated data
determines which data set was picked in the combined algorithm data. For proteins with a valid
SC and no unquantified sample replicates at the chosen dilution, the algorithm with the best
reproducibility of quantified sample replicates values was chosen. For proteins which did not have
a valid SC or which had unquantified sample replicates, the standard deviation of the fluorescence
values in the log domain were divided by the interquartile range of all values and these were ranked
to find the best algorithm. Because some experiments contained many different types and dilutions
of sample replicates, ranking was done to find the algorithm that led to the best reproducibility (of
fluorescence or quantified values) across all sample replicates types and dilutions.

Supplementary Figures and Tables

The following figures and tables show additional results from the following sections:

1. Protocol modifications (Figures D.S1 to D.S13).

2. Trehalose protection of spots (Figures D.S18 to D.S25).

3. Choice of spot calibrant (Figures D.S26 to D.S36).

4. Spot calibration proof of concept (Figure D.S37).

5. Comparison of calibration algorithms (Figures D.S38to D.S50).

6. Performance of combined calibration (Figures D.S51 and D.S52 and tables D.S1 and D.S2).

Protocol Modifications

In this section, we present additional data that led to modifications to the ACM protocol in order to
improve reproducibility of assays.

The use of open-channel silicon quill pins combined with long (up to 36 h) cAb and dAb
printing times required to print ∼48 slides can lead to variability if cAb and dAb printing buffers
evaporate, changing the concentration of additives and molecules to be spotted. cAb printing
buffers were already optimized to minimize evaporation and it was shown that low-evaporation
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buffers prevent evaporation not only in the source well plate (where evaporation is slow) but also
in the pins open-channels (where evaporation is fast) [146]. dAb printing buffers remained to be
investigated and we opted for a similar strategy. We measured the evaporation of printing buffers
containing 40, 45 and 50 % glycerol in PBS 1× and found that 50 % glycerol did not evaporate
(figure D.S1a). However, BSA and Tween-20 are required to avoid non-specific binding of dAb’s
to the slide surface, thereby increasing the signal to noise ratio of the assay. We found 1 % BSA
and 0.001 % Tween-20 to be sufficient in preventing non-specific binding of dAbs, and a printing
buffer containing only BSA and Tween-20 at these concentrations in PBS 1× evaporated nearly as
much as PBS 1× by itself (figure D.S1b). When BSA and Tween-20 were added to 40, 45, and
50 % glycerol in PBS 1×, we found that the printing buffer with 50 % glycerol completely filled
the pins double-channels, and swelled to the point of bursting the stop valve (figure D.S1c). On
the other hand, the buffer containing 40 % glycerol failed to completely fill the double channels.
The dAb printing buffer containing 45 % glycerol completely filled the pins double channels, and
showed minimal evaporation that is less than the cAb printing buffer used on Xenobind (consisting
of 2 m betaine and 25 % 2,3-butanediol, see figure D.S1a), and therefore was used for printing all
dAbs in subsequent experiments.

The next step in assessing sources of variability in our assay was to verify the absence of
contamination between source wells during cAb and dAb printing, as well as during pin washing
and antigen incubation. Figure D.S2 shows no contamination during pin washing or antigen
incubation, however we found that plasma-treated source well plates led to contamination of cAbs
by allowing the printing buffer to leak into adjacent source plate wells. This was not a problem
with the dAb printing buffer where plasma treatment is used to help manually load small volumes
(10-15 µL) of viscous printing buffer in small, deep well. Therefore we used a non-plasma treated
source well plate for cAb printing, and a plasma-treated source well plate for dAb printing. While
we did not test if the contamination also occured with cAb printing buffers containing 50 % glycerol
and 0.005 % Tween-20, we did not experience problems loading a non plasma-treated source plate
with this cAb printing buffer.

Having confirmed that there is no contamination of reagents in the assay, we set out to quickly
compare different slides surfaces, since variability in the chemical coating of slides can translate di-
rectly and even be amplified into variability in the assay. Slide surfaces variability in the amount of
chemicals deposited at the surface can lead to different quantities of molecules bound to the surface,
as well as different percentage of molecules whose function is preserved, in the case of antibodies
their ability to bind their target molecule. It is therefore very important to choose a slide that has
low surface variability. We first scanned Xenobind, ArrayIt SuperNHS, SuperAldehyde, Super-
Aldehyde2 and four different batches of PolyAn 2D Aldehyde slides immediately after unpacking
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Figure D.S1: Evaporation of detection printing buffers. Silicon pins that were plasma-treated
with an open flame were filled with buffers containing various additives a without and b with 1 %
BSA and 0.001 % Tween-20 and blue food dye. The filled pins were incubated at 65 % relative
humidity at room temperature, and pictures were taken every minute for 15 minutes. Remaining
liquid length is the ratio of the length of liquid after and before evaporation. Buffer containing
50 % glycerol does not evaporate, but adding 1 % BSA and 0.001 % Tween-20 to 50 % glycerol
leads to swelling of the buffer as it absorbs water from the air, thereby bursting the pin’s retention
valve (b and c, left). Instead, buffers containing 45 % or 40 % glycerol do not evaporate nor swell
with the addition of 1 % BSA and 0.001 % Tween-20, however the buffer containing 40 % slowly
and incompletely fills the pin (b and c, right). Black size markers are 1 mm.
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Figure D.S2: Sources of contamination during spotting. Investigation of a pin carry-over,
contaminations in the b cAb and c dAb source well plates and d in the gasket. a Ang1 cAb (line 1)
or printing buffer (PB: lines 3 to 7) were spotted. b Ang1 cAb (well/pin 1) and cAb printing buffer
(wells/pins 2-4) were spotted on line 1, then pins were dipped again to spot on line 2. c Ang1 cAbs
were spotted on lines 1-8 with all four pins. Ang1 Ag was incubated after blocking, and Ang1 dAb
were spotted only with well/pin 1, with dAb printing buffer being printed in wells/pins 2-4. dAng1
cAbs were spotted on line 1 in all four pins. Ag was incubated in a checkered pattern in the gasket,
with incubation buffer in the remaining wells. Two adjacent subarrays with (left) and without Ag
(right) are shown. White size markers are 250 µm. The only source of contamination found is in
the cAb source well plate when it is plasma-treated. Omitting the plasma treatment resolved this
source of contamination. Source well plates in a and d were not plasma-treated, while the source
in c was plasma-treated.
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to investigate both the variability and the amount of fluorescence backgrounds in both red and green
channels. Figure D.S3a shows that ArrayIt slides have very low intra-slide variability and fluo-
rescence backgrounds compared to Xenobind and PolyAn 2D Aldehyde slides. Xenobind showed
similar fluorescence background and variability as PolyAn 2D Aldehyde, however it showed less
inter-slide variability than PolyAn 2D Aldehyde when the fluorescence backgrounds was measured
on four slides (figure D.S3b).
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Figure D.S3: Fluorescence background on eight slide types. Four slides of eight different types
were scanned dry without any treatment, except for Xenobind slides which were washed prior to
scanning. a Signal intensity of the background and intra-slide variability (error bars) as well as b
inter-slide variability are reported here.

While having low fluorescence backgrounds is important, the signal to noise ratio and assay
signal variability of different slides is more important. We selected six matched antibody pairs
(Ang1, HGF, HGF-R,MCP4, THBS-1 andVEGFR2) to test in multiplexed sandwich assays (MSA)
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on the different slides. Because it does not contain a dAb printing step, instead incubating a mixture
of dAbs, MSA assays have better overall reproducibility. We selected a concentration of 0.2 µg/mL
for each dAb in the mixture and an incubation of 20 min to minimize the volume of costly antigen
used, to avoid loss of weakly-bound antigens and obtain an acceptable signal to noise ratio (figure
D.S4). In a first step we determined the amount of cross-reactivity between the six antibody pairs
and found that there is significant cross-reactivity between HGF and HGF-R, as well as between
the Ang1 dAb and THBS-1 and HGF (figure D.S5). For these reasons we decided to test the eight
different slides with only four proteins (without HGF and THBS-1). We spotted the four cAbs and
incubated slides with standard curves along replicates samples at dilutions 1:3 and 1:50 on four
slides per slide type. Signal intensity for the four assay and their corresponding variability are
shown for each protein in figures D.S7 to D.S10 with the average shown in figure D.S6. As can
be seen in graphs D.S6a and D.S6b, after an MSA assay the background fluorescence of ArrayIt
slides was actually greater than that of Xenobind and PolyAn 2D Aldehyde, but the background
fluorescence variability of Xenobind, ArrayIt SuperAldehyde and SuperAldehyde2 was better than
that of ArrayIt SuperNHS and all PolyAn 2D Aldehyde batches. We measured the variability
in the four protein assays and found Xenobind and PolyAn 2D Aldehyde slides to perform best
at around 20 %CV. Looking at the reproducibility of individual proteins, we noticed that assay
reproducibility varied the most for MCP4 (40-100 % for the different replicates and blanks, see
figure D.S9).

The low and reproducible fluorescent background of ArrayIt slides did not result in low and
reproducible backgrounds after the assay, which suggests that variability in the chemical coating
of ArrayIt slides was not visible by scanning slides with our scanner. On the other hand, higher
variability in Xenobind and PolyAn 2D Aldehyde slides fluorescent background before the assay
also resulted in higher variability in the fluorescent backgrounds and reproducibility of assays
performed on those slides, suggesting that scanning these slides before the assay could serve as a
quality assurance step.

The ACM protocol having been optimized for Xenobind slides, it was not surprising to see
that the signal intensity of assays was very low for ArrayIt SuperNHS slides, notably because
ArrayIt recommends printing antibodies on their proprietary Protein Printing Buffer. ArrayIt Su-
perAldehyde and SuperAldehyde2 gave similar signal intensities but slightly worse reproducibility
as Xenobind and PolyAn 2D Aldehyde when printing with 2 m betaine / 25 % 2,3-butanediol,
suggesting that this cAb printing buffer performs well on all slides based on a reactive aldehyde
binding reaction.

To find out if the cAb printing buffer has an effect on the reproducibility of MCP4 assays, we
printed the four proteins on eightXenobind andPolyAn2DAldehyde slides using eight different cAb
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Figure D.S4: Effect of dAb concentration on Strept-AF555 signal. cAbs against 6 proteins
(Ang1, HGF, HGF-R, MCP4, THBS-1, VEGFR2) were spotted onto two microarrays. An Agmix-
ture was incubated, followed by a dAb mixture at four different concentrations (1× = 0.1 µg/mL).
As a second step, GAM-AF647 and Strept-AF555 were applied together at four different concen-
trations (1× = 0.1 and 0.5 µg/mL, respectively) for either (a, c, e) 20 or (b, d, f) 120 min. Signal
from GAM-AF647 (a, b) is shown as well as the green channel background (c, d) which are used
to calculate a signal to noise ratio (e, f). All graphs are for Strept-AF555 at a concentration of
0.5 µg/mL. A dAb concentration of up to 1.0 µg/mL is recommended with incubation time of
20 min to avoid antigen loss.
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Figure D.S5: Cross-reactivity in a 6-plex assay. cAbs for 6 different proteins were spotted onto
microarrays. All Ags were incubated, and then either a single dAb (a) or a mixture of all dAbs but
one (b) were incubated on the microarray. A complete lack of cross-reactivity would show a single
dark diagonal line on white background in a the reverse in b. Cross-reactivity is seen between
HGF and HGF-R, as well as between the Ang1 dAb and THBS-1 and HGF.
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Figure D.S6: Background, calibrant and average proteins on different slides and cAbprinting
buffer. cAbs for four proteins and GAR-b were spotted with spot calibrant (BSA-AF555) on eight
slide types using three different cAb printing buffers. Two different replicates (pnSerum1 and
pnSerum2) were incubated at 1:3 and 1:50, as well as blanks. Here the signal intensity (a, c) and
reproducibility values of background noise (b, after full assay) and the subarray calibrant GAR-b
(d) are shown. The average reproducibility for the four proteins are shown in samples diluted 1:3
(e) and 1:50 (f) and blanks in (g).
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Ang1 reproducibility on 8 slide types using 3 cAb printing buffers

Figure D.S7: Reproducibility and signal intensity of Ang1 on 8 different slides and 3 cAb
printing buffer. Ang1 cAbs were spotted with spot calibrant (BSA-AF555), on eight slide types
using three different cAb printing buffers. Two different replicates (pnSerum1 and pnSerum2)
were incubated at 1:3 and 1:50, as well as blanks. The signal intensity (a, c, e) and reproducibility
(b, d, f) values of Ang1 blanks (e, f) and samples at dilution 1:3 (a, b) and 1:50 (c, d) are shown.
In g pictures of spots using the three different printing buffers is shown for Xenobind and PolyAn
2D Aldehyde, with different image contrasts to best show spot morphology. White size marker is
250 µm.
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HGF−R reproducibility on 8 slide types using 3 cAb printing buffers

Figure D.S8: Reproducibility and signal intensity of HGF-R on 8 different slides and 3 cAb
printing buffer. HGF-R cAbs were spotted with spot calibrant (BSA-AF555), on eight slide types
using three different cAb printing buffers. Two different replicates (pnSerum1 and pnSerum2)
were incubated at 1:3 and 1:50, as well as blanks. The signal intensity (a, c, e) and reproducibility
(b, d, f) values of HGF-R blanks (e, f) and samples at dilution 1:3 (a, b) and 1:50 (c, d) are shown.
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Figure D.S9: Reproducibility and signal intensity of MCP4 on 8 different slides and 3 cAb
printing buffer. MCP4 cAbs were spotted with spot calibrant (BSA-AF555), on eight slide types
using three different cAb printing buffers. Two different replicates (pnSerum1 and pnSerum2)
were incubated at 1:3 and 1:50, as well as blanks. The signal intensity (a, c, e) and reproducibility
(b, d, f) values of MCP4 blanks (e, f) and samples at dilution 1:3 (a, b) and 1:50 (c, d) are shown.
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VEGFR2 reproducibility on 8 slide types using 3 cAb printing buffers

Figure D.S10: Reproducibility and signal intensity of VEGFR2 on 8 different slides and 3
cAb printing buffer. VEGFR2 cAbs were spotted with spot calibrant (BSA-AF555), on eight
slide types using three different cAb printing buffers. Two different replicates (pnSerum1 and
pnSerum2) were incubated at 1:3 and 1:50, as well as blanks. The signal intensity (a, c, e) and
reproducibility (b, d, f) values of VEGFR2 blanks (e, f) and samples at dilution 1:3 (a, b) and 1:50
(c, d) are shown.
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printing buffers on each slide (figures D.S11 and D.S12). The cAb printing buffers used contained
various concentrations of betaine and 2,3-butanediol with the addition of various concentrations
of glycerol and trehalose for which the total concentration would still prevent buffer evaporation
during printing. We also tested 50 % glycerol as a control, and surprisingly found that the average
reproducibility of proteins was better and more consistent with 50 % glycerol compared to any other
printing buffer containing betaine and 2,3-butanediol (figure D.S11e). On PolyAn 2D Aldehyde,
this improvement was not seen, as the reproducibility of assays printed in 50 % glycerol was similar
to that of assays printed in 2 m betaine / 25 % 2,3-butanediol (figure D.S12e). In both cases, the
signal intensity of HGF-R was decreased when printed in 50 % glycerol, but the three other proteins
signal intensity did not change. Pictures of spots printed in 50 % glycerol (figure D.S7g) shows that
much less liquid was delivered to the surface from the pins as shown by small, square footprints.
Therefore we added 0.005 % Tween-20 to decrease the surface tension [165, 235]. As can be
seen in this figure, spots from assays printed in 50 % glycerol with 0.005 % Tween-20 regained
their round morphology, suggesting that more liquid (and quantity) of cAb were delivered to the
surface at each spot. Figures D.S6 to D.S10 show that generally, assays printed in 50 % glycerol
with 0.001 % Tween-20 led to better assay reproducibility on all slide types, but not always every
protein. The largest improvement in reproducibility was seen in MCP-4 on both Xenobind and two
of the four batches of PolyAn 2D Aldehyde slides.

Since printing for both cAbs in large-scale experiments takes upwards of 36 h, it was important
to verify that the microarray slide surface is stable at room temperature and 65 % relative humidity
(RH) during those two steps. We spotted GAR-AF647 and GAR-AF555 on Xenobind slides
at various times and let them incubate for 24 h following the last spotting. As figure D.S13
demonstrates, we found no difference in binding of GAR-AF555 and GAR-AF647 to Xenobind
slides that was just put in the Nanoplotter chamber and after staying for 24 h in the chamber at room
temperature and 65 % RH.

To determine the concentration and incubation time for Strept-AF555, we varied its concentra-
tion (0.1, 0.2, 0.5 and 1 µg/mL) in a MSA with the four proteins used previously and found that
while a concentration of 0.1 µg/mL incubated for 20 min or 2 h led to a greater signal to noise
ratio (figure D.S14), in large experiments an incubation of 20 min was simply not feasible since the
solution is applied by hand to over a thousand wells. Therefore a concentration of 0.5 µg/mL and
an incubation time of 1 h was selected to minimize antigen loss and as a trade-off between making
sure that the quantity of Strept-AF555 is not limiting and maximizing signal to noise ratio.

Having addressed variability at the surface, the next step was to determine the amount of time
required to incubate cAbs and dAbs on the microarray slides before moving on to the next step in
the ACM protocol. We printed the four cAbs as well as GAR-AF647 and GAR-AF555 on Xenobind
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B5: 2M betaine + 25% 2,3−butanediol + 1% trehalose

B6: 2M betaine + 25% 2,3−butanediol + 5% trehalose

B7: 0.75M betaine + 45% 2,3−butanediol

B8: 1M betaine + 45% 2,3−butanediol

cAb Additives on Xenobind

Figure D.S11: cAb printing buffer additives on Xenobind. cAbs for four proteins were spotted
on a Xenobind slide with a spot calibrant (BSA-AF555) in eight different printing buffers. The
signal intensity for the calibrant (a) and its reproducibility (b) within a slide, within a group
(4 slides) and for the whole experiment (8 slides) were calculated. The signal intensity (c, d, f, g)
for each protein and average reproducibility (e) also shown.
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B2: 50% glycerol

B3: 1.6M betaine + 25% 2,3−butanediol + 5% glycerol

B4: 1.2M betaine + 25% 2,3−butanediol + 10% glycerol

B5: 2M betaine + 25% 2,3−butanediol + 1% trehalose

B6: 2M betaine + 25% 2,3−butanediol + 5% trehalose

B7: 0.75M betaine + 45% 2,3−butanediol

B8: 1M betaine + 45% 2,3−butanediol

cAb Additives on PolyAn 2D Aldehyde

Figure D.S12: cAb printing buffer additives on PolyAn 2D Aldehyde. cAbs for four proteins
were spotted on a PolyAn 2D Aldehyde slide with a spot calibrant (BSA-AF555) in eight different
printing buffers. The signal intensity for the calibrant (a) and its reproducibility (b) within a
slide, within a group (4 slides) and for the whole experiment (8 slides) were calculated. The signal
intensity (c, d, f, g) for each protein and average reproducibility (e) also shown.
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Figure D.S13: Xenobind surface stability in high humidity. Xenobind slideswere pre-incubated
in the nanoplotter chamber for different amounts of time before being spotted with GAR-AF555
and GAR-AF647. Slides were then incubated overnight. The Xenobind surface binding capacity
is stable while it remains in the nanoplotter at room temperature and high humidity (65 %RH).
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Figure D.S14: Time and concentration of Strept-AF555 incubation. cAbs against 6 proteins
(Ang1, HGF, HGF-R, MCP4, THBS-1, VEGFR2) were spotted onto two microarrays. An Agmix-
ture was incubated, followed by a dAb mixture at four different concentrations (1× = 0.1 µg/mL).
As a second step, GAM-AF647 and Strept-AF555 were applied together at four different concen-
trations (1× = 0.1 and 0.5 µg/mL, respectively) for either (a, c, e) 20 or (b, d, f) 120 min. Signal
from GAM-AF647 (a, b) is shown as well as the green channel background (c, d) which are used
to calculate a signal to noise ratio (e, f). All graphs are for dAb concentration of 0.2 µg/mL. A
Strept-AF555 concentration of 0.5 µg/mL is recommended for 20 min to avoid antigen loss.



Appendix D. Improving ACM reproducibility with calibration: Supplementary Material 255

slides at different times in each subarray over a period of 24 h and found that all antibodies binding
relationship with time followed roughly a logarithmic equation. The incubation time required to
minimize the variability in binding to 1 %, 0.5 %, 0.2 % and 0.1 % for printing times of 15 min and
1 h were calculated and reflect the time required for printing four cAbs in parallel (using four pins)
in a small-scale (∼12 slides) and large-scale (∼ 48 slides) experiment, respectively. Equations used
in calculating those measures in a logarithmic and linear functions are shown in figure D.S15.

We found that 24 h incubation after printing of the last spot led to a difference in amount of cAb
bound to the surface less than 0.2 % for five of the six molecules tested, and less than 0.1 % for
the remainder in the case of short-scale experiments (figure D.S16). For large-scale experiments, a
24 h incubation time after the last spot printed led to differences in quantities of molecules bound
to the surface of less than 1 % in the same five out of six molecules, and less than 0.2 % in the
remainder.

Similarly, we tested the time required to incubate dAbs after spotting the last ones and found that
for two dAbs (Ang1 and MCP4), binding was much faster than HGF-R and VEGFR2 dAbs (figure
D.S17). For the slow-binding dAbs, an incubation period of 24 h led to a difference in quantity of
dAbs bound of less than 0.2 % for small-scale experiments, and slightly greater but close to 0.5 %
for large-scale experiments. For fast-binding dAbs, the difference in quantity of dAbs bound was
less than 0.1 % for both small- and large-scale experiments.

While themeasurement of cAb binding to Xenobind surface in 2 m betaine / 25 % 2,3-butanediol
is most likely not the same as that of cAb binding on PolyAn 2DAldehyde in 50 % glycerol / 0.005 %
Tween-20, the fact that dAbs bind to their target in 45 % glycerol / 1 % BSA / 0.001 % Tween-20
within 24 h or less was sufficient to convince us that this length of time is also sufficient for cAbs to
bind to the surface in glycerol-based printing buffers. Glycerol solutions have a very high viscosity
(6 cP at 20 ◦C [174]) and compared to the viscosity of PBS 1× (∼1 cP at 20 ◦C), that of glycerol
can significantly slow down molecular diffusion required for cAbs to bind to the surface, even
in droplets of 100 pL or less. Since it was not tested, slides with cAbs printed in glycerol-based
printing buffers might benefit from an even longer incubation time and therefore increase assay
sensitivity and reproducibility.

While it is important for cAbs and dAbs binding to the surface to have reached an acceptable
equilibrium to decrease variability, it is equally important to optimize the sample and antigen
mixture incubation time, as well as the concentration and incubation time of Strept-AF555. The
antigen incubation timewas chosen to be aminimumof 18 h at 4 ◦C in order to allow greater amounts
of low-abundance antigens to bind to cAbs, and also because it took ∼1 h to load diluted samples
and antigen mixtures into more than a thousand wells by hand during large-scale experiments.
However, because the antigen concentration varies between samples, no amount of incubation time
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Figure D.S15: Schematics of calculations for binding to the surface. Molecules binding to
the surface of microarray slides can be modeled using a a logarithmic or b a linear equation. The
first spot in a spotting round (for a given molecule) will have more time to incubate than the last
spot. The first derivative of the function is found in the middle of the spotting round for a spotting
range given by ∆x. The corresponding range of signal intensity is ∆y. For each function, the
mathematical representation (eq. 1a and 1b) of the function is listed, as well as its first derivative
(eq. 2a and 2b). The equation for the difference in binding to the surface as expressed by a
percentage is calculated with eq. 3a and 3b and is equal to A, and those equations are re-arranged
to solve for x in eq. 4a and 4b. The time reported by the calculation corresponds to the time of
incubation after the last spot has been deposited for the spotting round ("Last" on the graph), for a
given length of spotting (∆x) and difference of intensity between the first and last spot (A %). W
in eq. 4a represents the Lambert W function.
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Figure D.S16: Binding of cAbs to Xenobind. cAbs for four different proteins were spotted on
Xenobind slides and were incubated for different times before being washed and kept in washing
buffer until incubated with (a, b, d, e) or without (c, f) GAM-AF647. All antibodies bind more or
less in a logarithmic fashion, with similar times required to achieve different percentages of binding
differences during short (15 min, blue) and long (1 h, red) spotting times. For long spotting times,
a difference of roughly 0.5 % in binding of the cAb to the surface is achieved when leaving it for
24 h to incubate afterwards, whereas for short spotting times, a difference of surface binding of
less than 0.2 % is achieved.
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Figure D.S17: Binding of dAbs. cAbs for four proteins were spotted on Xenobind slides and
allowed to bind for 24h. Slides were blocked and Ags were applied as a mixture overnight. Slides
were rinsed with 5 % trehalose to avoid cAb and/or Ag degradation, and dAbs were then spotted
at different times to achieve a range of dAb incubation times. Slides were washed, incubated with
Strept-AF647, rinsed and scanned. Ang1 (a) and MCP4 (c) dAbs bind quickly to their respective
Ag, while HGF-R (b) andVEGFR2 (d) bindmore slowly. For long (1 h) spotting times, a difference
of less than 0.1 % is achieved for Ang1 and MCP4, while for HGF-R and VEGFR2, a difference
of slightly over 0.5 % is achieved.
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would be sufficient to allow all antigens to reach a state of equilibrium in their binding to their
corresponding cAbs. Therefore the incubation time has to be limited to what is practical.

Trehalose Protection of Spots

This sections presents additional details on experiments performed to study and attempt to mitigate
the degradation of cAbs and Ags in the dry state while awaiting to be spotted on with dAb printing
buffer.

To test the quantity of cAb bound at the surface of slides, we used a goat anti-mouse (GAM)
conjugated to AF647 at 1 µg/mL (figure D.S18) that we incubated either by itself or with Strept-
AF555. Since the four cAbs and dAbs used to assay Ang1, HGF-R, MCP4 and VEGFR2 are mouse
and goat antibodies, respectively, the GAM-AF647 was not expected to cross-react with dAbs, and
indeed it did not bind to dAbs (figures D.S19 and D.S20).

To investigate the nature of the cAb degradation in the dry state, we spotted half the spots with
dAb printing buffer on slides where Ang1 cAbs had been printed, and Ang1 Ag had been incubated.
The other half of spots were left to degrade in the dry state for 16, 24 and 40 h, before slides were
washed and dAb printing buffer was printed on top of all spots. Slides were incubated for 24 h,
washed and incubated with GAM-AF647. Figure D.S21 shows that spots which degraded in the
dry state could not be rescued by the subsequent addition of dAb printing buffer. However, the
degradation of spots on top of which dAb printing buffer was immediately printed, was minimized.

We attempted to determine whether Ags were also degraded and how it affected assay signals.
Full standard curves assays as MSA were performed for Ang1 on four Xenobind slides, with
the difference that each slide was washed with water and dried after washes following antigen
incubation, placed in the Nanoplotter, and left in the dry state for 0, 16, 24 or 40 h before dAb
printing buffer was printed on top of cAb spots. Figure D.S22a shows that assay signal increasingly
diminished as the time left in the dry state was increased. This degradation affected sensitivity by
up to 30× when comparing slides that were left in the dry state for 0 and 40 h (figure D.S22b). Full
Ang1 assays performed similarly on PolyAn 2D Aldehyde (figure D.S23) and 2D Epoxy (figure
D.S24) slides shows that the degradation’s effect on signal assay was greater at lower concentrations
of Ang1 Ag on PolyAn 2D Aldehyde slides, and at higher concentrations of Ang1 Ag on PolyAn
2D Epoxy slides. As quantified by GAM-AF647, cAbs significantly degraded on both slides at a
greater speed than on Xenobind slides (figure D.S22c).

When investigating the effect of this degradation on Ags, we saw a less pronounced effect,
which might be due to some Ags because less susceptible to degradation than others, and/or some
dAbs’ ability to recognize their epitope in their partially denatured form. Nonetheless, we saw
an effect on assay signals, and therefore sensitivity. The effect of degradation on assay signals
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Figure D.S18: Time and concentration of GAM-AF647 incubation. cAbs against six proteins
(Ang1, HGF, HGF-R, MCP4, THBS-1, VEGFR2) were spotted onto two microarrays. An Ag
mixture was incubated overnight, followed by a dAb mixture at four different concentrations (1×
= 0.1 µg/mL). As a second step, GAM-AF647 and Strept-AF555 were applied together at four
different concentrations (1× = 0.1 and 0.5 µg/mL, respectively) for either (a, c, e) 20 or (b, d, f)
120 min. Signal from GAM-AF647 (a, b) is shown as well as the green channel background (c, d)
which are used to calculate a signal to noise ratio (e, f). All graphs are for dAb concentration of
0.2 µg/mL. GAM-AF647 concentrations of 0.5 and 1.0 µg/mL are recommended for incubations
of 120 and 20 min, respectively.
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Figure D.S19: GAM-AF647 binding to cAb and dAb. cAbs (a) at two different concentrations
and dAbs (b) for 6 pairs were bound on the surface of a microarray slide. The slide was washed,
blocked, and incubated with GAM-AF647. Signal intensity from GAM-AF647 is strong and
dose-dependent when binding to cAbs (monoclonal mouse Abs), and there appears to be minimal
cross-reactivity to dAbs (polyclonal goat Abs).
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Figure D.S20: Effect of dAb concentration on GAM-AF647 signal. cAbs against 6 proteins
(Ang1, HGF, HGF-R, MCP4, THBS-1, VEGFR2) were spotted onto two microarrays. An Agmix-
ture was incubated, followed by a dAb mixture at four different concentrations (1× = 0.1 µg/mL).
As a second step, GAM-AF647 and Strept-AF555 were applied together at four different concen-
trations (1× = 0.1 and 0.5 µg/mL, respectively) for either (a, c, e) 20 or (b, d, f) 120 min. Signal
from GAM-AF647 (a, b) is shown as well as the green channel background (c, d) which are used
to calculate a signal to noise ratio (e, f). All graphs are for GAM-AF647 at a concentration of
1 µg/mL. There is no effect on GAM-AF647 signal from increasing the concentration of dAbs.
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Figure D.S21: Degradation of spots in dry state cannot be reversed. Ang1 cAb spots with
bound Ag were dried and either immediately protected with dAb printing buffer (red) or left in the
dry state (blue) before the slide was washed and all cAbs with bound Ag were spotted with dAb
printing buffer with Ang1 dAb. The slide was then incubated for 24 h before washing, GAM-AF647
incubation, and scanning.

differed between different types of slides, and therefore the degradation is likely partially due to the
chemical coating on the slides surface. The time difference between the first and last printed spots
for a single antibody in our protocol would be 80 min and therefore we assume that the difference in
denaturation as a source of variability would not be very pronounced, although we did not measure
the rate of denaturation of all cAbs and Ags in our assay. The greatest detrimental effect would
be seen in sensitivity, where cAbs spotted last after 35 h of waiting in the dry state could have
undergone significant degradation.
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Figure D.S22: Effect of spot degradation on assay performance. Ang1 cAb were spotted on
multiple lines of a Xenobind slide. Ag was applied in a SC and incubated overnight. The slide
was dried and lines were protected with dAb printing buffer at different times. Ang1 dAb was
incubated afterwards, as well as GAM-AF647 and Strept-AF555. a SCs from lines protected at
different times show a decrease in sensitivity and signal intensity. b LOD is affected negatively by
the decrease in signal intensity. c degradation is also seen from cAb as detected by GAM-AF647.
Signal from a and b are from Strept-AF555.
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To prevent the degradation of cAbs and Ags in the dry state, we also coated slides with different
concentrations of glycerol, sucrose, and BSA on slides after the washing step following antigen
incubation. The maximum concentration of sucrose, BSA and glycerol that could be dried on the
surface of slides and still permit dAb printing was 5 %, 0.5 % and 0.5 % in water, respectively.
Slides with printed cAb and complexed Ag and coated with the various chemicals at concentrations
mentioned above were then blown-dried and left in the dry state for 0 up to 12 h before being printed
with dAb printing buffer to assess cAb degradation. In spite of the fact that dAb printing buffer
is largely composed of glycerol, figure D.S25 shows that at very low concentrations (0.2 % and
0.5 %), glycerol did not prevent cAb degradation in the dry state. BSA is also present in the dAb
printing buffer and at concentrations of 0.2 % and 0.5 % it partially prevented the degradation of
cAbs. Sucrose was better at preventing cAb degradation, but not as good as trehalose.
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Figure D.S23: Assay signal loss on PolyAn 2D Aldehyde. Ang1 cAbs were spotted on multiple
lines of a PolyAn 2DAldehyde slide, Ag was applied as SC, and the slide was dried. Different lines
were protected at different times with dAb printing buffer without dAb in it. dAb was incubated,
followed by Strept-AF555 and GAM-AF647. Figure shows the effect of degradation on cAb as
seen by GAM-AF647 (a) and assay (b to q) signal intensities. Signals from b to q are from
Strept-AF555. Assay signal degradation is mainly seen in the lowest concentrations of Ang1 Ag
(e to p including the blank q).
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Figure D.S24: Assay signal loss on PolyAn 2D Epoxy. Ang1 cAbs were spotted on multiple
lines of a PolyAn 2D Epoxy slide, Ag was applied as SC, and the slide was dried. Different lines
were protected at different times with dAb printing buffer without dAb in it. dAb was incubated,
followed by Strept-AF555 and GAM-AF647. Figure shows the effect of degradation on cAb as
seen by GAM-AF647 (a) and assay (b to q) signal intensities. Signals from b to q are from
Strept-AF555. Assay signal degradation is mainly seen in the highest concentrations of Ang1 Ag
(b to f).
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Figure D.S25: Protection of spots by sucrose, BSA and glycerol. Ang1 cAbs and bound Ag are
protected with different concentrations of a sucrose, b BSA or c glycerol, or not protected (with
water) and allowed to dry for up to seven hours before dAb printing buffer is spotted. Dashed part
of lines to indicate a break in dry time. NP: Signal of spots onto which no dAb printing buffer was
printed.
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Choice of Spot Calibrant

This sections presents additional results from the comparison of GAR-AF555, BSA-AF555, BSA-
AF647 and h-AF555 as potential spot calibrants.

Our primary concern in spiking molecules with cAb was to avoid the generation of false
positive signal solely due to the presence of spot calibrants. Figure D.S26 shows a 10-protein ACM
assay where cAbs were spiked with GAR-AF555, BSA-AF555 or h-AF555 were incubated with
a standard curve and several replicate samples at dilutions 1:2 and 1:8. Calculations of average
sample quantities show that six of the 10 proteins (Endoglin, IL-1β, IL-2, IL-6, MMP-9 and
PSA) reported greater quantities of proteins in the replicate samples when cAbs were spiked with
GAR-AF555 compared to cAbs spiked with BSA-AF555 or h-AF555. Only one protein (HGF-R)
reported a greater quantity from cAbs spiked with BSA-AF555, and none with cAbs spiked with
h-AF555. The false positive signals for Endoglin, MMP-9 and HGF-R all show a large error bar,
indicating that an assay artefact might be responsible for the false positive signal rather than the
presence of GAR-AF555 or BSA-AF555. However, four proteins still show clear false positive
signals in the presence of GAR-AF555, and for this reason, it was not considered during subsequent
comparisons.

In order to determine the best concentrations of spot calibrants, wemixed 5, 10, 25 and 50 µg/mL
BSA-AF555, BSA-AF647 and h-AF555 alone or with GAR-b at 100 µg/mL and incubated slides
with Strept-AF555 and Strept-AF647 separately. This experiment allowed us to not only determine
an ideal concentration for each spot calibrant, but also to determine the amount of crosstalk (from
green to red channel for h-AF555 and BSA-AF555 and red to green channel for BSA-AF647) (figure
D.S27). We observed positive crosstalk (increasing) red signal in the presence of BSA-AF555 and
h-AF555, without GAR-b or streptavidin, while we observed decreasing crosstalk in the presence
of BSA-AF647 only. We also noticed that the signal intensity of h-AF555 was ∼6× greater without
the presence of GAR-b.

At the chosen concentrations, we spotted the three spot calibrants and allowed them to bind for
different amounts of times to the slide in order to find out if the signal intensity is relatively stable
after an incubation time of 24 h. When mixed with HGF-R or MCP4, the difference in binding of
BSA-AF555 was less than 0.2 % for a short-scale experiment and less than 1 % for a large-scale
experiment, which was very similar to HGF-R (figure D.S28) andMCP4 (figure D.S29) binding. In
contrast, the difference in binding of h-AF555 was greater than 0.5 % for a small-scale experiment
and much larger than 1 % for a large-scale experiment. Therefore BSA-AF555 bound to the surface
at similar rates as the cAb it was mixed in, while h-AF555 did not.

We investigated the stability of spot calibrants when bound on the microarray surface and
waiting in the dry state before being spotted on with dAb printing buffer. We spotted the three
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Figure D.S26: Quantities of 10 proteins with 3 spot calibrants. Ten cAbs against different
proteins were spotted with spot calibrants (green: GAR-AF555, yellow: h-AF555, pink: BSA-
AF555) on two microarray slides, one containing an SC and the other containing sample replicates
at dilutions 1:2 and 1:8. False positive signal due to the presence of the spot calibrant is seen in
graphs a, c, d, e, h, i for GAR-AF555 and b for BSA-AF555.
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Figure D.S27: Spot calibrants signal intensity, cAb displacement and crosstalk. Spot cali-
brants were spotted at different concentrations with (columns 1 and 4) and without (columns 2
and 3) the presence of 100 µg/mL GAR-b. Slides were incubated overnight, washed, blocked and
incubated with either Strept-AF555 or Strept-AF647. The first (a, e, i) and fourth(e, h, l) columns
shows the signal intensity of each spot calibrant in the absence of GAR-b in the channel (first
column) or the opposite channel (fourth column) as the spot calibrant’s fluorophore. The second
(b, f, j) and third (c, g, k) columns shows the signal intensity of (third colummn) each spot calibrant
in the presence of GAR-b and (fourth column) Strept of the opposite fluorophore.
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Figure D.S28: Binding of HGF-R cAb and spot calibrants to Xenobind. HGF-R cAb was
mixed with BSA-AF555 (a, c) or h-AF555 (b, d) and spotted onto Xenobind slides. Slides were
incubated for different times before being washed and kept in washing buffer until incubated with
GAM-AF647. Red (a, b) graphs show the binding of cAb to the surface, while green (c, d) graphs
show the binding of calibrants to the slide. BSA-AF555 (c) binds to the slide in a similar fashion
as HGF-R (a), however h-AF555 (d) appears to bind linearly.



Appendix D. Improving ACM reproducibility with calibration: Supplementary Material 273

●

●

●

●

● ●

5 10 15 20

0
20

00
40

00
60

00
80

00
10

00
0

12
00

0
14

00
0

T0.1%
15m  =  37.8h

T0.2%
15m  =  20.7h

T0.5%
15m  =  9.5h

T1%
15m =  5.3h

T0.1%
1h  =  127.5h

T0.2%
1h  =  68.9h

T0.5%
1h  =  30.7h

T1%
1h  =  16.7h

R2 = 0.941

a MCP4 + BSA−AF555

●

●

●

●

●
●

5 10 15 20

0
50

00
10

00
0

15
00

0

T0.1%
15m  =  35.4h

T0.2%
15m  =  19.3h

T0.5%
15m  =  8.7h

T1%
15m =  4.8h

T0.1%
1h  =  120.6h

T0.2%
1h  =  64.9h

T0.5%
1h  =  28.8h

T1%
1h  =  15.5h

R2 = 0.958

b MCP4 + h−AF555

●● ●

●

●

●

5 10 15 20

0
20

00
40

00
60

00
80

00
10

00
0

12
00

0

T0.1%
15m  =  34.6h

T0.2%
15m  =  18.8h

T0.5%
15m  =  8.5h

T1%
15m =  4.7h

T0.1%
1h  =  118.2h

T0.2%
1h  =  63.5h

T0.5%
1h  =  28.1h

T1%
1h  =  15.1h

R2 = 0.789

c

●

● ●

●
●

●

5 10 15 20

0
50

00
10

00
0

15
00

0

T0.1%
15m  =  244.4h

T0.2%
15m  =  119.4h

T0.5%
15m  =  44.4h

T1%
15m =  19.4h

T0.1%
1h  =  994.1h

T0.2%
1h  =  494.1h

T0.5%
1h  =  194.1h

T1%
1h  =  94.1h

R2 = 0.906

d

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

In
te

ns
ity

 (
R

F
U

)

Binding time on the surface (hours)

Figure D.S29: Binding of MCP4 cAb and spot calibrants to Xenobind. MCP4 cAb was
mixed with BSA-AF555 (a, c) or h-AF555 (b, d) and spotted onto Xenobind slides. Slides were
incubated for different times before being washed and kept in washing buffer until incubated with
GAM-AF647. Red (a, b) graphs show the binding of cAb to the surface, while green (c, d) graphs
show the binding of calibrants to the slide. BSA-AF555 (c) binds to the slide in a similar fashion
as MCP4 (a), however h-AF555 (d) appears to bind linearly.
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calibrants with GAR-b and incubated them for 24 h. We washed slides, dried them, and put them
back in the Nanoplotter. Different lines of spots were protected by dAb printing buffer at 0, 16, 24
and 40 h, with one line not being protected before slides were washed and scanned. Figures D.S30,
D.S31 and D.S32 show a slight degradation of BSA-AF555 (16 % and 19 %) on Xenobind and
PolyAn 2D Epoxy slides respectively after 40 h, but no degradation on PolyAn 2D Aldehyde slides.
BSA-AF647 degraded much faster on all three slides (86 %, 68 % and 93 %) on Xenobind, PolyAn
2D Aldehyde and 2D Epoxy slides, respectively. Reductive amination treatment significantly
decreased the overall fluorescence signal of calibrants, but not GAR-b, suggesting that neither
AF555 nor AF647 are compatible with NaBH4 treatment. Of the fluorescence that remained after
reductive amination of slides, the degradation of AF647 was only slowed down for 16 h on PolyAn
2D Aldehyde slides, but not Xenobind nor PolyAn 2D Epoxy slides.
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Figure D.S30: Calibrants dry stability on Xenobind. BSA-AF647, BSA-AF555 and GAR-b
were spotted onto Xenobind slides and allowed to incubate for 24 h. Slides were then washed,
received no treatment (a, b, c) or a NaBH4 treatment (d, e, f), blocked and the spots were protected
with dAb printing buffer at different times (or none before processing: NP), and finally incubated
with Strept-AF555.
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Figure D.S31: Calibrants dry stability on PolyAn 2D Aldehyde. BSA-AF647, BSA-AF555
and GAR-b were spotted onto PolyAn 2D Aldehyde slides and allowed to incubate for 24 h. Slides
were then washed, received no treatment (a, b, c) or an NaBH4 treatment (d, e, f), blocked and the
spots were protected with dAb printing buffer at different times (or none before processing: NP),
and finally incubated with Strept-AF555.
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Figure D.S32: Calibrants dry stability on PolyAn 2D Epoxy. BSA-AF647, BSA-AF555 and
GAR-b were spotted onto PolyAn 2D Epoxy slides and allowed to incubate for 24 h. Slides were
then washed, received no treatment (a, b, c) or an NaBH4 treatment (d, e, f), blocked and the spots
were protected with dAb printing buffer at different times (or none before processing: NP), and
finally incubated with Strept-AF555.
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We also sought to determine whether AF647 and AF555 fluorophores are stable while awaiting
scanning (at normal room temperature, normal humidity, in the dark) by spotting GAR-AF555
and GAR-AF647 on slides and waiting up to 25 h before scanning. Figure D.S33 shows that both
AF555 and AF647 were stable during this time. As a last verification step of the fluorophores
stability in cAb printing buffer, we prepared aliquots of BSA-AF555, BSA-AF647 and h-AF555
(with and without unlabeled GAR) and stored them for 24 and 72 h at 25, 4 and −20 ◦C. We found
that while h-AF555 with and without GAR was stable for up to 72 h in cAb printing buffer at all
temperatures, BSA-AF555 and BSA-AF647 suffered from degradation of the fluorescence signal,
albeit at different rates. BSA-AF647 signal intensity degraded ∼3× as fast as that of BSA-AF555
(figure D.S34).

To verify that the chosen spot calibrant (BSA-AF555) fits best with the rest of the assay,
we verified which fluorescence channel had the best signal to noise ratio. We obtained more
fluorescence from Strept-AF647 than Strept-AF555 (figure D.S35) using our scanner and the cAb
printing buffer spotted by itself without any molecule leaves an increase in background fluorescence
that is greater in the green channel than red channel (figure D.S36). Therefore the chosen spot
calibrant was used in a channel with greater background and less sensitivity, which is acceptable
because the spot calibrant was spiked at a concentration that led to signal intensities well above the
LOD for this channel. On the other hand the more sensitive red channel was left for Strept-AF647
which measured signal intensities across several order of magnitudes of antigen concentrations.
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Figure D.S33: Fluorophores stability before scanning. Xenobind slides were spotted with a
GAR-AF555 and b GAR-AF647 and incubated overnight for binding. Slides were then washed
and incubated in the scanner for a number of hours before scanning.
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Figure D.S34: Spot calibrants stability at different storage temperatures. a BSA-AF647, b
BSA-AF555, and h-AF555 without c or with d GAR were prepared in 2 m betaine + 25 % 2,3-
butanediol. Aliquots were stored at three different temperatures for one (light green) or three (dark
green) days. Aliquots that were retrieved after one day of storage were spotted onto a Xenobind
slide, incubated and stored dry in vacuum while awaiting the same processing two days later with
the remaining aliquots. Both slides were scanned together for quantitative comparison.



Appendix D. Improving ACM reproducibility with calibration: Supplementary Material 280

0
10

00
0

20
00

0
30

00
0

40
00

0

S
tr

ep
t−

A
F

64
7

S
tr

ep
t−

A
F

55
5

a Signal intensity

0
20

40
60

80
10

0

S
tr

ep
t−

A
F

64
7

S
tr

ep
t−

A
F

55
5

b

Red channel

Green channel

Crosstalk

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

In
te

ns
ity

 (
R

F
U

)

Figure D.S35: Block calibrant signal intensity and crosstalk. GAR-b was spotted onto slides
and incubated overnight. Slide were then washed, blocked and incubated with either Strept-AF647
or -AF555. a Signal intensity from Strept-AF647 is greater than Strept-AF555. b Crosstalk from
Strept-AF555’s green channel into the red channel is more significant than the crosstalk from
Strept-AF647’s red channel into the green channel.
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Figure D.S36: cAb printing buffer and background signal intensity. cAb printing buffer (a)
was spotted onto slides and incubated overnight. Slides were then washed, blocked and incubated
with either Strept-AF555 or -AF647. Background (b) refers to extracted data where nothing was
spotted onto the slide. cAb printing buffer adds fluorescence intensity in the green channel, but
not the red channel.
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Spot calibration proof of concept

Fluorescence intensity data from ACM assays are heteroskedastic (figure D.S37). In order to
normalize the amount of standard deviation accross the whole antigen range of individual assays,
fluorescence intensity is log-transformed, which makes the data homoskedastic. In order for
calibrant signals to be compared to assay signals, log-transformation allows both signals to be
compared with similar standard deviations.
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Figure D.S37: Heteroskedasticity of fluorescence signal values. The standard deviation (SD)
is plotted against the mean of all technical replicates found on the three standard curves for the
experiment with trehalose (a, c) and without trehalose (b, d). Data is either in the linear (a, b) or
log (c, d) domain. Black lines are linear fits of all the points for each graph. Fluorescence values
are heteroskedastic, and log-transforming the data makes it homoskedastic.
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Comparison of calibration algorithms

In order to test the performance of calibration, validation samples were prepared from serial mixing
of two different pooled normal serum samples (pnSerum1 and pnSerum2, figure D.S38). Figure
D.S39 shows the measured quantities of Ang1, HGF-R, MCP4 and VEGFR2 in pnSerum1 and
pnSerum2 at dilutions 1:3 and 1:50. None of the proteins showed significant differences in the
quantities measured. Since they were different samples, a measure of residual error [146] was
calculated rather than a coefficient of variation. Residual error measures how far away each data
point is from the linear regression through all data points. The measure of coefficient of variation
is the same if one assumes that the linear regression through all the points constitutes a completely
horizontal line. Both experiments had validation samples located throughout their layout.

Mix17Mix16Mix15Mix14Mix13Mix12Mix11Mix10

pnSerum1 pnSerum2

Mix3

Mix4 Mix5

Mix8Mix6 Mix7 Mix9

Level

1

2

3

4

5

Figure D.S38: Generation of validation samples frommixing pnSerum1 and pnSerum2. Two
different pooled normal serum samples (pnSerum1 and pnSerum2) were mixed to generate a group
of 17 samples whose protein values theoretically form a linear gradient which may be differentiated
when measured if the original values in pnSerum1 and pnSerum2 are significantly different.

Calibrating two different replicate samples with a single calibration slope estimated from one
of the replicate samples led to a much greater improvement in reproducibility in that replicate
sample and small to little improvement in the other replicate sample (figure D.S40). Also, the
mean calibration slope estimated from low-dilution replicates improved low-dilution replicates
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Figure D.S39: Quantities of four proteins in two pnSerum sample replicates. The quantities
of four proteins in two different pnSerum samples at dilution 1:3 (a) and 1:50 (b) are shown in an
MSA. The quantity of VEGFR2 is not detectable in either samples at dilution 1:50. cAbs were
spotted with 2 m betaine + 25 % 2,3-butanediol printing buffer.
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reproduciblity more than high-dilution replicates, and calibration slopes estimated using blanks did
not improve reproducibility in most cases.
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A comparison of uncalibrated data to data calibrated with the five algorithms or the combined
algorithm in terms of residual errors of validation samples, LOD, quantification range (QR) and
accuracy range (AR) shows that sensitivity was worse in the large-scale experiment with trehalose
coating (figure D.S41). Because the estimated calibration slopes are not valid in the antigen
concentration range containing the LOD, sensitivity is made worse by calibration in the large-scale
experiment with trehalose coating, while it is left unchanged in the experiment without trehalose
coating of slides. In both experiments, residuals errors improved in the combined algorithm
compared to uncalibrated data, and QRwas relatively unchanged. Too few proteins had a calculated
AR (with curve precision <25 %) in the large-scale experiment with trehalose coating of slides to
really be able to compare the effect of calibration.

In order to find the most suitable method for estimating calibration slopes, we first compared
different parameters (mean vs median, high vs low number of local groups, number of replicate
types and dilutions) for each of the four method presented in terms of changes in reproducibility,
residual error, LOD, QR and AR from uncalibrated raw data to calibrated data using the combined
algorithm (figures D.S42 to D.S48). We found that in both experiments, calculating the median
of local calibration slopes was better than the mean (for CSElocal and CSElocal-PPD). For the large-
scale experiment with trehalose coating of slides, a high number of local groups led to better
reproducibility whereas the opposite was true for the large-scale experiment without trehalose
coating of slides. For CSEglobal in the case of the large-scale experiment with trehalose coating,
using the low dilution of all three types of replicates (pnSerum, pnPlasma, and pnCSF) led to better
reproducibility, and similarly for CSEglobal-PPD, using the appropriate dilution for all three replicate
types improved reproducibility the most, in spite of the fact that many proteins was found in much
lower quantities in pnCSF. In the experiment without trehalose coating of slides where a single
replicate type (pnSerum) was used at three different dilutions (1:3, 1:30 and 1:50), using the two
lower dilution for CSEglobal led to better reproducibility. No comparison could be made for this
experiment for CSEglobal-PPD as a single dilution was picked for each protein.

A final comparison between methods was made with the parameters that gave the best im-
provement in reproducibility for each method. As seen in figure D.S49, reproducibility (from
39.4 % to 27.4 %) and residual error (from 31.7 % to 30.6 %) was best improved by CSElocal for the
experiment with trehalose coating, even slightly improving the median LOD for this experiment
(from 411 pg/mL to 400 pg/mL). On the other hand, the experiment without trehalose coating
benefited most from calibration using the CSElocal-PPD method (figure D.S50), with improvements
in reproducibility (from 37.1 % to 25.4 %) and residual error (from 41.6 % to 36.3 %) although the
median LOD became worse with this method (from 192 pg/mL to 346 pg/mL).
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Figure D.S40: Comparison of data sets used for calibration slope estimation. Four proteins
in two normal pooled sample replicates (pnSerum1 and pnSerum2) were quantified on PolyAn 2D
Aldehyde slides. Calibration was done with slopes calculated from the mean of a-b pnSerum1
replicates at dilution 1:3, c-d pnSerum2 replicates at dilution 1:3, e-f pnSerum1 replicates at
dilution 1:30, g-h pnSerum2 replicates at dilution 1:30 and i-j blanks. For each pair of graphs, the
left graph corresponds to the correlation between improvements in reproducibility of pnSerum1
and pnSerum2 at dilution 1:3, and in the right graph, dilution 1:30.
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Figure D.S41: Calibration algorithms comparison of LOD, residual error, QR and AR.
Calibration algorithms are compared in terms of (a) LOD, (b) validation samples mean residual
error, (c) QR and (d) AR in two different large experiments, one with trehalose coating (left
data set of each graph) and the other without (right data set of each graph). Only proteins for
which a value was obtained for all calibration algorithms in both experiments are included in the
comparison. Only proteins where the performance measures were calculated for all algorithms in
both experiments are considered for each of the four performance measures. Combined data is
based on reproducibility of pnSerum at dilutions 1:3 and 1:30.



Appendix D. Improving ACM reproducibility with calibration: Supplementary Material 288

Li
m

it 
of

 d
et

ec
tio

n 
(p

g/
m

L)

● ● ● ● ●

101

102

103

104

105

n = 71 71 71 71 71

LODa

R
aw 1I 2I 3I 6I

●

●
● ●

●

400
450

550 M
ea

n 
re

si
du

al
 e

rr
or

 (
%

)

● ● ● ● ●

0

50

100

150

n = 41 41 41 41 41

Residual Errorb

R
aw 1I 2I 3I 6I

●

●
●

● ●30
31.5

33

Q
ua

nt
ifi

ca
tio

n 
R

an
ge

 (
O

M
)

● ● ● ● ●
10

20

30

n = 72 72 72 72 72

QRc

R
aw 1I 2I 3I 6I

●

●

● ● ●
8

8.5
9 A

cc
ur

ac
y 

R
an

ge
 (

O
M

)
● ● ● ● ●

0

1

2

3

4

n = 19 19 19 19 19

ARd

R
aw 1I 2I 3I 6I

●
●

● ●
●

2.3
2.5
2.7

C
oe

ffi
ci

en
t o

f v
ar

ia
tio

n 
(%

)

● ● ● ● ●

0

50

100

150
n = 123 123 123 123 123

Reproducibilitye

R
aw 1I 2I 3I 6I

●

● ● ●
●

31
35
39

Figure D.S42: Comparison of parameters for CSEglobal with trehalose. Comparison of (a)
LOD, (b) validation samples mean residual error at the chosen dilution for each protein, (c) QR, (d)
AR and (e) reproducibility at the chosen dilution for each protein from standard curves generated
using a global method of calibration slope estimation in the experiment with trehalose coating.
Calibration slopes and were estimated using calibration slopes from pnSerum 1:3 (1I), the mean of
pnSerum 1:3 and pnPlasma 1:3 (2I), the mean of pnSerum 1:3, pnPlasma 1:3 and pnCSF 1:3 (3I)
or the mean of pnSerum, pnPlasma at dilutions 1:3 and 1:30 and pnCSF at dilutions 1:3 and 1:15
(6I). Combined algorithm was chosen by ranking from the same replicates as for the calibration
slope estimation. Proteins without a standard curve or whose standard curve did not allow for the
quantification of all sample replicates in all parameter sets were not considered.
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Figure D.S43: Comparison of parameters for CSEglobal without trehalose. Comparison of (a)
LOD, (b) validation samples mean residual error at the chosen dilution for each protein, (c) QR, (d)
AR and (e) reproducibility at the chosen dilution for each protein from standard curves generated
using a global method of calibration slope estimation in the experiment without trehalose coating.
Calibration slopes were estimated using calibration slopes from pnSerum 1:3 (1I), the mean of
pnSerum at dilutions 1:3 and 1:30 (2I) and the mean of pnSerum at dilutions 1:3, 1:30 and 1:50
(3I). Combined algorithm was chosen by ranking from the same replicates as for the calibration
slope estimation. Proteins without a standard curve or whose standard curve did not allow for the
quantification of all sample replicates in all parameter sets were not considered.



Appendix D. Improving ACM reproducibility with calibration: Supplementary Material 290

Li
m

it 
of

 d
et

ec
tio

n 
(p

g/
m

L)

● ● ● ●

101

102

103

104

105

n = 76 76 76 76

LODa

R
aw 1I 2I 3I

●

● ●
●

400
500

650 M
ea

n 
re

si
du

al
 e

rr
or

 (
%

)

● ● ● ●0

300

600

900

1200

n = 45 45 45 45

Residual Errorb

R
aw 1I 2I 3I

●

●

● ●31.5
32.25

33

Q
ua

nt
ifi

ca
tio

n 
R

an
ge

 (
O

M
)

● ● ● ●
5

10

15

20

25

30
n = 77 77 77 77

QRc

R
aw 1I 2I 3I

●

●
● ●

7.5
8

8.5
9

R
aw 1I 2I 3I

●

● ●
●

0

1

2

3

4

n = 17 17 17 17

ARd

A
cc

ur
ac

y 
R

an
ge

 (
O

M
)

C
oe

ffi
ci

en
t o

f v
ar

ia
tio

n 
(%

)

●
● ● ●

0

25

50

75

100

125

n = 130 130 130 130

Reproducibilitye

R
aw 1I 2I 3I

●
●

● ●
28
36
44

Figure D.S44: Comparison of parameters for CSEGlobal-PPD with trehalose. Comparison of
(a) LOD, (b) validation samples mean residual error at the chosen dilution for each protein, (c)
QR, (d) AR and (e) reproducibility at the chosen dilution for each protein from standard curves
generated using a global method of calibration slope estimation in the experiment with trehalose
coating. Calibration slopes were estimated using calibration slopes from pnSerum at the chosen
dilution for each protein (1I), the mean of pnSerum and pnPlasma at the chosen dilution for each
protein (2I) and the mean of pnSerum, pnPlasma and pnCSF at the chosen dilution for each protein
(3I). Combined algorithm was chosen by ranking from the same replicates as for the calibration
slope estimation. Proteins without a standard curve or whose standard curve did not allow for the
quantification of all sample replicates in all parameter sets were not considered.
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Figure D.S45: Comparison of parameters for CSELocal with trehalose. Comparison of (a)
LOD, (b) validation samples mean residual error at the chosen dilution for each protein, (c) QR, (d)
AR and (e) reproducibility at the chosen dilution for each protein from standard curves generated
using a local method of calibration slope estimation in the experiment with trehalose coating.
Calibration slopes and were estimated using combinations of mean or median of calibration slopes
calculated from local groups with a minimum of 2 (high number of local groups: 14) or 3 (low
number of local groups: 9) sample replicates per local group. Combined algorithm was chosen
by ranking from all sample replicates types and dilutions. Proteins without a standard curve or
whose standard curve did not allow for the quantification of all sample replicates in all parameter
sets were not considered.
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Figure D.S46: Comparison of parameters for CSELocal without trehalose. Comparison of (a)
LOD, (b) validation samples mean residual error at the chosen dilution for each protein, (c) QR, (d)
AR and (e) reproducibility at the chosen dilution for each protein from standard curves generated
using a local method of calibration slope estimation in the experiment without trehalose coating.
Calibration slopes and were estimated using combinations of mean or median of calibration slopes
calculated from local groups with a minimum of 2 (high number of local groups: 14) or 3 (low
number of local groups: 9) sample replicates per local group. Combined algorithm was chosen
by ranking from all sample replicates types and dilutions. Proteins without a standard curve or
whose standard curve did not allow for the quantification of all sample replicates in all parameter
sets were not considered.
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Figure D.S47: Comparison of parameters for CSELocal-PPD with trehalose. Comparison of (a)
LOD, (b) validation samples mean residual error at the chosen dilution for each protein, (c) QR, (d)
AR and (e) reproducibility at the chosen dilution for each protein from standard curves generated
using a local method of calibration slope estimation in the experiment with trehalose coating.
Calibration slopes and were estimated using combinations of mean or median of calibration slopes
calculated from local groups with a minimum of 2 (high number of local groups: 14) or 3 (low
number of local groups: 9) sample replicates per local group. Only local groups which contain
the sample replicates at the chosen dilution for each protein were considered. Combined algorithm
was chosen by ranking from all sample replicates types at the chosen dilution for each protein.
Proteins without a standard curve or whose standard curve did not allow for the quantification of
all sample replicates in all parameter sets were not considered.
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Figure D.S48: Comparison of parameters for CSELocal-PPD without trehalose. Comparison of
(a) LOD, (b) validation samples mean residual error at the chosen dilution for each protein, (c) QR,
(d) AR and (e) reproducibility at the chosen dilution for each protein from standard curves generated
using a local method of calibration slope estimation in the experiment without trehalose coating.
Calibration slopes and were estimated using combinations of mean or median of calibration slopes
calculated from local groups with a minimum of 2 (high number of local groups: 16) or 3 (low
number of local groups: 12) sample replicates per local group. Only local groups which contain
the sample replicates at the chosen dilution for each protein were considered. Combined algorithm
was chosen by ranking from the sample replicates at the chosen dilution for each protein. Proteins
without a standard curve or whose standard curve did not allow for the quantification of all sample
replicates in all parameter sets were not considered.
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Figure D.S49: Comparison of CSE methods with trehalose. Comparison of (a) LOD, (b)
validation samples mean residual error at the chosen dilution for each protein, (c) QR, (d) AR and
(e) reproducibility at the chosen dilution for each protein from standard curves generated using a
global (G), local (L) or global (GPPD) or local (LPPD) (with consideration for the chosen dilution
for each protein) method of calibration slope estimation in the experiment with trehalose coating.
Proteins without a standard curve or whose standard curve did not allow for the quantification of
all sample replicates in all methods were not considered.
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Figure D.S50: Comparison of CSE methods without trehalose. Comparison of (a) LOD, (b)
validation samples mean residual error at the chosen dilution for each protein, (c) QR, (d) AR and
(e) reproducibility at the chosen dilution for each protein from standard curves generated using a
global (G), local (L) or global (GPPD) or local (LPPD) (with consideration for the chosen dilution for
each protein) method of calibration slope estimation in the experiment without trehalose coating.
Proteins without a standard curve or whose standard curve did not allow for the quantification of
all sample replicates in all methods were not considered.
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Performance of combined calibration

The performance of calibration can be reported for each experiment individually and are shown in
figure D.S51. Performance values are reported in tables D.S1 and D.S2.

Reproducibility of all replicates types and dilutions are shown in figure D.S52 for both exper-
iments. In spite of the fact that the same calibration slopes were used for all replicate samples
types and dilutions in individual experiments, the reproducibility of all replicates samples types
and dilutions improved, except for a single protein detected in pnCSF at high dilution, whose
reproducibility worsened slightly.
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Figure D.S51: Effect of calibration on quantification performance. Comparison of uncali-
brated data to calibrated (using combined algorithm) data with slopes calculated from the median
of 14 local groups (with trehalose coating, left of graphs) and the median of 12 local groups with
consideration to the chosen protein dilution (without trehalose coating, right of graphs) and their
effect on the LOD (a), validation samples mean residual error (b) at the chosen dilution for each
protein, QR (c), AR (d) and global (e) and local (f) reproducibility at the chosen dilution for each
protein. Proteins with standard curves and unquantified sample replicates were not considered.
The list of proteins for each experiment is different and independent.
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Figure D.S52: Effect of calibration on sample replicates reproducibility. Improved repro-
ducibility of (a-f) six different replicate type and dilution combination in the experiment with
trehalose coating and (g-h) three different replicate type and dilution combinations in the exper-
iment without trehalose coating. Calibration parameters and methods is the best determined for
each experiment. NCSF at dilution 1:15 (d) only had one quantifiable sample replicate protein,
therefore the interquartile range of reproducibility could not be calculated. In both experiments,
all replicates reproducibility are improved with calibration except the single protein quantified in
pnCSF at dilution 1:15.
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Table D.S1: Calibration improvement of performance. Only proteins whose performance
values could be calculated in uncalibrated and calibrated data were considered, but the list of
proteins differ between the two large-scale experiments. Standard deviation for LOD is listed as
median ± 1 standard deviation. s.d.: standard deviation.

Performance Slide Uncalibrated Calibrated
measure coating Median s.d. Median s.d. n

Reproducibility (%) Trehalose 42.9 41.7 34.5 30.2 61
Water 36.8 24.9 26.1 22.3 47

Residual error (%) Trehalose 33.3 35.8 30.3 30 44
Water 40.2 43.6 31.7 48.8 32

LOD* (pg/mL) Trehalose 591 22 - 15785 548 22 - 13361 69
Water 236 12 - 4581 352 20 - 6142 62

QR (OM) Trehalose 8.7 6.2 8.3 6.9 69
Water 7.9 4 7.0 4.1 62

AR (OM) Trehalose 2.5 1.4 2.5 1.3 21
Water 2.8 1.4 2.7 1.3 27

*: Median and standard deviation performed on log-transformed data.

Table D.S2: Performance comparison of slide coating. Only proteins whose performance
values could be calculated in uncalibrated and calibrated data in both large-scale experiments were
considered. Standard deviation for LOD is listed as median ± 1 standard deviation. s.d.: standard
deviation.

Performance Slide Uncalibrated Calibrated
measure coating Median s.d. Median s.d. n

Reproducibility (%) Trehalose 42.2 40.3 30.0 25.5 42
Water 36.1 26.1 27.2 23.3 42

Residual error (%) Trehalose 31.5 31.8 24.1 22.3 24
Water 40.1 36.2 30.6 42.9 24

LOD* (pg/mL) Trehalose 486 28 - 8463 378 25 - 5743 59
Water 234 12 - 4611 347 20 - 6155 59

QR (OM) Trehalose 8.6 6.1 8.3 6.3 59
Water 8.0 4.1 7.1 4.2 59

AR (OM) Trehalose 3.6 1.2 2.9 1.2 12
Water 3.3 1.2 2.4 1.5 12

*: Median and standard deviation performed on log-transformed data.
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List of cAbs, Ags and dAb used in experiments
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APPENDIXE

Comparison of microdialysis additives: Supplementary Material

This appendix describes the Supplementary Material to chapter 5.
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Figure E.S2: Comparison of calibration parameters andmethodswith LOD = Mean+3×SD.
Measurements of proteins using the ACMwas calibrated using different calibration parameters and
methods. These are compared in terms of (a) global and (b) local reproducibility, (c) quantification
and (d) accuracy ranges and (e) sensitivity. The first seven data sets are calibrated with the intent
to improve reproducibility, while the last three are calibrated with the intent to improve sensitivity.
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Figure E.S3: ACM calibration performance based on reproducibility improvement with
LOD = Mean + 3 × SD. a-e Comparison of uncalibrated with data calibrated using the global
method of calibration using the chosen dilution for each protein (GPPD 1 Index) in terms of (a)
global and (b) local reproducibility, (c) quantification and (d) accuracy ranges and (e) sensitivity.
f shows the frequency of each calibration algorithm chosen in the calibration.
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Figure E.S4: Comparison of calibration parameters andmethodswith LOD = Mean+2×SD.
Measurements of proteins using the ACMwas calibrated using different calibration parameters and
methods. These are compared in terms of (a) global and (b) local reproducibility, (c) quantification
and (d) accuracy ranges and (e) sensitivity. The first seven data sets are calibrated with the intent
to improve reproducibility, while the last three are calibrated with the intent to improve sensitivity.
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Figure E.S5: ACM calibration performance based on sensitivity improvement with LOD =
Mean + 2 × SD. a-e Comparison of uncalibrated with data calibrated using the local method of
calibration using the median of all the local calibration slopes to calculate the global calibration
slope (LLOD median) in terms of (a) global and (b) local reproducibility, (c) quantification and (d)
accuracy ranges and (e) sensitivity. f shows the frequency of each calibration algorithm chosen in
the calibration.
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Figure E.S6: Improvement of sensitivity using a modified calibration method. Measurements
of protein relative recovery using fluorescence values from data calibrated with (a) a method
intended to improve the sensitivity and (b) a method intended to improve reproducibility. Graphs
show that around twice as many low-abundance proteins were measured using the LOD-based
calibration method, with LOD = Mean + 2 × SD. Red lines are visual aids that indicate a perfect
value of relative recovery at 100 %.

Table E.S3: Relative recovery of proteins. Quantities of proteins interpolated from standard
curves are listed, as well as the relative recovery calculated using fluorescence values. Only proteins
for which quantities were measured in pnCSF or the dialysate are listed here. No SC: no standard
curve was generated for this protein.

0.3 µL/mL 1.0 µL/mL
Protein name pnCSF (pg/mL) aCSF BSA LMW HMW BSA LMW HMW

1 AFP No SC - - 122.8% - - - -
2 AHSG No SC - - - - 2.8% - -
5 Ang1 64.4 ± 26.0 - - - - - - -
10 CA15-3 35.2 ± 42.0 - - - - - - -
12 CD14 No SC 2.7% 4.0% ± 2.3% 3.7% ± 2.4% 1.6% 5.1% - -
14 c-Kit 3346.9 ± 1129.5 - - - - - - -
17 E-cadherin 224.8 ± 152.4 - 26.2% ± 12.4% - 17.5% - - -
19 EGF-R 2749.4 ± 445.9 - - 5.4% - - - -
22 FAS-L 26.6 ± 7.1 - - - - 16.6% - -
27 GRO-α 1390.4 ± 633.9 - - - - - - -
30 HER2 7.8 - - - - - - -
31 HER3 2408 ± 1993.6 - - - - - - 22.3%
32 HGF 1588.4 ± 615.5 - - - - - - -
33 HGF-R 794 ± 142.8 - - - - - - -
36 ICAM-1 7136.7 ± 387.2 - - - 15.0% - - -
37 IFN-γ No SC - - - - - - -
38 IGFBP-1 675.2 ± 150.3 - - - - - - -
39 IGFBP-3 9743 ± 1980.4 - 3.3% ± 0.1% - - - - -
40 IGFBP-7 No SC 6.5% 6.6% ± 0.7% 6.0% ± 0.7% 2.9% ± 3.1% 7.0% - -
44 IL-18 No SC - 2.9% 3.5% 2.9% - - -



Appendix E. Comparison of microdialysis additives: Supplementary Material 324

Table E.S3 continued from previous page

0.3 µL/mL 1.0 µL/mL
Protein name pnCSF (pg/mL) aCSF BSA LMW HMW BSA LMW HMW

51 IL-6 10.6 ± 2.2 - - - - - - -
53 IL-8 152.2 ± 24.7 - 13.9% - - - - -
54 IP-10 6736.4 ± 2128.4 1.0% 5.2% ± 4.6% - 2.0% 8.6% - -
59 MCP3 7.4 ± 5.6 - - - 36.5% - - -
61 MIG 885 ± 208.9 - 29.6% ± 15.2% 22.4% 24.2% 29.1% - -
62 MIP-1α 13.6 ± 14.7 - 30.2% - - - - -
65 MMP-3 223 ± 116.5 - - - - - - -
66 MMP-9 4591.4 ± 566.0 - - - - - - -
67 NCAM-1 162815.5 ± 88688 1.8% - 1.8% - - - -
69 OPN 66588.5 ± 13201.9 1.1% 1.8% - - - - -
77 SPARC 2686.2 ± 1199.9 - - - - - - -
81 TGF-β1 165.1 ± 76.2 28.0% 28.3% 30.8% 22.2% 27.4% - -
82 THBS-1 803.7 ± 561.0 - - - - - - 6.7%
84 TIMP-1 No SC - 7.5% ± 0.8% - 5.0% 6.7% - 10.2%
86 TNF-RI 3616.6 ± 700.0 5.1% 4.8% 8.2% ± 3.8% - 3.2% - -
87 TNF-RII 1213.2 ± 219.1 - - 4.7% ± 1.2% - - - -
88 uPA 7.5 ± 2.9 - - - - - - -
89 uPA-R 352.6 ± 58.3 - - - - - - 46.9%
90 VCAM-1 204019.8 ± 73784.1 - - - - - - -
91 VEGF-A 2.6 ± 0.6 - - - - - - -
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Figure E.S7: Comparison of relative recovery of proteins calculated with fluorescence values
and quantities. The relative recovery of proteins measured when perfused with BSA, DextranLMW
or DextranHMW was measured on calibrated fluorescence values (x-axis) and quantities interpo-
lated from the standard curves (y-axis). The linear fit was calculated using median-based linear
regression.
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Figure E.S8: Additives matrix effect on the measurement of glucose. Measurement of glucose
from a mixture of small molecules in aCSF buffer with increasing concentrations of (a) BSA, (b)
DextranLMW or (c) DextranHMW. Linear fits were calculated using median-based linear regression.
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Figure E.S9: Additives matrix effect on the measurement of lactate. Measurement of lactate
from a mixture of small molecules in aCSF buffer with increasing concentrations of (a) BSA, (b)
DextranLMW or (c) DextranHMW. Linear fits were calculated using median-based linear regression.
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Figure E.S10: Additives matrix effect on the measurement of pyruvate. Measurement of
pyruvate from a mixture of small molecules in aCSF buffer with increasing concentrations of (a)
BSA, (b) DextranLMW or (c) DextranHMW. Linear fits were calculated using median-based linear
regression.
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Figure E.S11: Comparison of matrix effect of additives on proteins calculated with fluores-
cence values and quantities. The recovery of proteins measured in increasing concentrations
of (a) BSA, (b) DextranLMW or (c) DextranHMW was measured on calibrated fluorescence values
(y-axes) and quantities interpolated from standard curves (x-axes). Linear fits were calculated
using median-based linear regression.
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Figure E.S12: Comparison of production increases of proteins in cell cultures calculated
with fluorescence values and quantities. The increase of proteins production in cell culture
media as measured with calibrated fluorescence values (x-axes) and quantities interpolated from
the standard curves (y-axes). a shows a number of outliers from fluorescence values. b shows the
distribution of points that lead to the median-based linear regression. The linear fit were calculated
using median-based linear regression.

Table E.S6: Linear regressions of protein levels in themedia ofU87 cultureswith no additives.
Stable human glial cells (U87) were cultured for two days in the absence of any additives in a 24-
well culture plate. The last row of the plate is considered separately to study the normal variation
seen in cell cultures.

None
Additive Plate control

Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

1 AFP - - - - - - - -
2 AHSG - - - - - - - -
5 Ang1 0.009 0.421 0.853 13.00 0.009 0.444 0.620 13.04
7 BMP2 - - - - - - - -
8 b-NGF - - - - 0.013 3.112 0.523 21.80
9 BRAF - - - - - - - -
10 CA15-3 - - - - - - - -
11 CCL5 - - - - - - - -
12 CD14 - - - - - - - -
14 c-Kit - - - - - - - -
17 E-cadherin - - - - - - - -
18 EGF - - - - - - - -
19 EGF-R - - - - - - - -
22 FAS-L - - - - - - - -
26 GM-CSF - - - - - - - -
27 GRO-a - - - - - - - -
32 HGF 0.008 2.199 0.534 7.51 0.005 2.319 0.340 7.32
33 HGF-R 0.011 5.723 0.968 10.33 0.011 5.701 0.885 9.15
34 HMGB1 -0.003 4.524 0.799 -12.08 -0.011 4.724 0.869 -35.21
36 ICAM-1 - - - - - - - -
38 IGFBP-1 0.012 1.399 0.814 13.13 0.006 1.426 0.354 0.70
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Table E.S6 continued from previous page

None
Additive Plate control

Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

39 IGFBP-3 - - - - - - - -
40 IGFBP-7 0.026 2.960 0.762 41.53 0.023 3.019 0.850 35.76
44 IL-18 - - - - - - - -
45 IL-1b - - - - - - - -
50 IL-5 - - - - - - - -
51 IL-6 - - - - - - - -
53 IL-8 0.017 1.777 0.253 25.53 0.007 2.171 0.039 10.75
54 IP-10 - - - - - - - -
57 MCP1 - - - - - - - -
59 MCP3 - - - - - - - -
62 MIP-1a 0.006 4.646 0.128 9.90 0.004 4.552 0.071 6.76
63 MIP-1b - - - - - - - -
64 MMP-1 - - - - - - - -
65 MMP-3 - - - - - - - -
66 MMP-9 - - - - - - - -
69 OPN 0.029 2.368 0.863 28.42 0.022 2.471 0.872 21.23
70 PAI-1 - - - - - - - -
71 PDGF-BB - - - - - - - -
72 PRL - - - - - - - -
74 RBP4 - - - - - - - -
77 SPARC - - - - - - - -
81 TGF-b1 - - - - - - - -
82 THSB-1 0.003 6.341 0.167 3.77 -0.002 6.440 0.124 -2.94
84 TIMP-1 - - - - - - - -
86 TNF-RI - - - - - - - -
87 TNF-RII - - - - - - - -
88 uPA 0.046 1.874 0.844 44.43 0.036 2.163 0.751 34.82
90 VCAM-1 - - - - - - - -
91 VEGF-A 0.028 0.110 0.560 26.21 0.025 0.140 0.500 23.92
93 VEGFR2 - - - - - - - -

Table E.S7: Linear regressions of protein levels in the media of U87 cultures with whole
blood. Stable human glial cells (U87) were cultured for two days in media with whole blood in a
24-well culture plate. The last row of the plate is did not receive any additive.

Blood
Additive Plate control

Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

1 AFP 0.006 2.208 0.909 4.33 - - - -
2 AHSG -0.002 8.043 0.036 -2.33 - - - -
5 Ang1 0.007 2.701 0.740 10.46 -0.002 0.787 0.084 -2.74
7 BMP2 - - - - - - - -
8 b-NGF - - - - - - - -
9 BRAF - - - - - - - -
10 CA15-3 0.007 1.255 0.916 36.78 - - - -
11 CCL5 0.018 1.475 0.913 30.13 - - - -
12 CD14 0.009 3.526 0.736 12.75 - - - -
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Table E.S7 continued from previous page

Blood
Additive Plate control

Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

14 c-Kit 0.006 3.971 0.755 27.88 - - - -
17 E-cadherin -0.001 3.159 0.015 -2.31 - - - -
18 EGF -0.003 1.637 0.407 -7.47 - - - -
19 EGF-R 0.000 1.846 0.000 0.07 - - - -
22 FAS-L - - - - - - - -
26 GM-CSF - - - - - - - -
27 GRO-a 0.015 -1.531 0.964 18.32 - - - -
32 HGF 0.044 2.660 0.951 76.07 0.005 2.484 0.470 9.15
33 HGF-R 0.007 6.912 0.500 14.56 0.030 5.204 0.924 29.70
34 HMGB1 - - - - - - - -
36 ICAM-1 -0.004 2.293 0.145 -8.32 - - - -
38 IGFBP-1 0.009 1.575 0.570 15.30 0.030 1.027 0.967 41.74
39 IGFBP-3 0.002 3.628 0.301 4.37 - - - -
40 IGFBP-7 0.007 4.423 0.751 11.39 0.022 2.738 0.913 34.44
44 IL-18 0.001 1.865 0.451 2.60 - - - -
45 IL-1b - - - - - - - -
50 IL-5 - - - - - - - -
51 IL-6 -0.002 2.199 0.011 -7.24 - - - -
53 IL-8 0.041 1.982 0.670 61.41 -0.010 1.866 0.142 -14.41
54 IP-10 - - - - - - - -
57 MCP1 0.015 3.773 0.889 42.34 - - - -
59 MCP3 0.043 2.430 0.813 80.42 - - - -
62 MIP-1a 0.015 4.744 0.316 25.96 0.008 4.415 0.401 14.36
63 MIP-1b 0.014 2.926 0.342 19.97 - - - -
64 MMP-1 - - - - - - - -
65 MMP-3 0.024 -2.780 0.868 52.43 0.026 -3.323 0.819 44.33
66 MMP-9 0.040 0.444 0.748 46.14 - - - -
69 OPN 0.019 2.912 0.918 27.63 0.019 2.492 0.869 17.50
70 PAI-1 0.004 0.442 0.783 2.00 - - - -
71 PDGF-BB -0.008 6.137 0.381 -11.28 - - - -
72 PRL - - - - - - - -
74 RBP4 - - - - - - - -
77 SPARC -0.006 2.232 0.373 -13.63 - - - -
81 TGF-b1 -0.010 3.701 0.857 -22.90 - - - -
82 THSB-1 0.014 7.831 0.923 18.67 -0.016 7.147 0.735 -21.01
84 TIMP-1 0.010 3.861 0.971 10.78 - - - -
86 TNF-RI 0.002 0.369 0.548 5.08 - - - -
87 TNF-RII 0.007 5.005 0.830 19.04 - - - -
88 uPA 0.049 2.852 0.854 46.74 0.039 2.753 0.810 37.55
90 VCAM-1 0.001 1.309 0.021 1.96 - - - -
91 VEGF-A 0.042 0.444 0.768 39.79 0.014 0.985 0.148 12.89
93 VEGFR2 - - - - - - - -
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Table E.S8: Linear regressions of protein levels in cell culture media with whole blood and
no U87 cells. Whole blood was added to cell culture media in a 24-well culture plate and incubated
over two days.

BloodCTRL
Additive

Protein name Slope Intercept R2 Increase (%)

1 AFP - - - -
2 AHSG -0.004 7.739 0.071 -5.95
5 Ang1 -0.001 2.703 0.017 -1.60
7 BMP2 - - - -
8 b-NGF - - - -
9 BRAF - - - -
10 CA15-3 0.004 1.278 0.884 22.11
11 CCL5 0.002 1.898 0.131 2.46
12 CD14 0.006 3.300 0.486 7.88
14 c-Kit 0.007 3.879 0.499 32.16
17 E-cadherin -0.004 3.360 0.493 -14.52
18 EGF -0.004 1.792 0.377 -9.33
19 EGF-R 0.002 1.716 0.044 4.01
22 FAS-L - - - -
26 GM-CSF - - - -
27 GRO-a 0.012 -1.584 0.757 7.10
32 HGF 0.012 2.230 0.815 15.03
33 HGF-R 0.011 6.797 0.543 23.89
34 HMGB1 0.006 4.382 0.728 26.58
36 ICAM-1 0.005 1.838 0.193 10.75
38 IGFBP-1 - - - -
39 IGFBP-3 -0.001 3.621 0.556 -2.73
40 IGFBP-7 0.001 4.025 0.024 2.26
44 IL-18 0.007 1.661 0.558 7.55
45 IL-1b - - - -
50 IL-5 - - - -
51 IL-6 - - - -
53 IL-8 0.034 1.636 0.603 49.84
54 IP-10 - - - -
57 MCP1 0.011 3.714 0.947 17.05
59 MCP3 0.031 2.428 0.767 52.51
62 MIP-1a 0.014 3.942 0.914 15.92
63 MIP-1b 0.007 2.893 0.866 0.82
64 MMP-1 0.039 1.337 0.828 62.28
65 MMP-3 0.005 -2.781 0.194 10.11
66 MMP-9 0.045 0.556 0.878 52.06
69 OPN - - - -
70 PAI-1 -0.001 0.671 0.562 -4.73
71 PDGF-BB - - - -
72 PRL - - - -
74 RBP4 0.007 1.172 0.825 17.78
77 SPARC 0.000 2.213 0.001 0.68
81 TGF-b1 -0.022 3.975 0.958 -52.17
82 THSB-1 -0.003 8.003 0.942 -3.61
84 TIMP-1 0.010 3.865 0.651 12.43
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Table E.S8 continued from previous page

BloodCTRL
Additive

Protein name Slope Intercept R2 Increase (%)

86 TNF-RI 0.005 0.394 0.488 13.97
87 TNF-RII 0.006 4.951 0.480 16.61
88 uPA 0.000 1.211 0.006 -0.18
90 VCAM-1 0.009 1.260 0.449 12.58
91 VEGF-A 0.041 -1.395 0.868 38.22
93 VEGFR2 0.003 -0.523 0.456 16.27

Table E.S9: Linear regressions of protein levels in the media of U87 cultures with BSA. Stable
human glial cells (U87) were cultured for two days in media with BSA in a 24-well culture plate.
The last row of the plate is did not receive any additive.

BSA
Additive Plate control

Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

1 AFP - - - - - - - -
2 AHSG - - - - - - - -
5 Ang1 0.008 0.732 0.689 11.17 0.011 0.563 0.924 15.94
7 BMP2 - - - - - - - -
8 b-NGF - - - - - - - -
9 BRAF - - - - - - - -
10 CA15-3 - - - - - - - -
11 CCL5 - - - - -0.005 1.693 0.216 -7.85
12 CD14 - - - - - - - -
14 c-Kit - - - - - - - -
17 E-cadherin - - - - -0.004 2.694 0.060 -5.52
18 EGF - - - - - - - -
19 EGF-R - - - - - - - -
22 FAS-L - - - - - - - -
26 GM-CSF - - - - - - - -
27 GRO-a - - - - - - - -
32 HGF 0.011 2.178 0.794 11.89 0.006 2.363 0.213 10.05
33 HGF-R 0.009 5.730 0.835 7.04 0.010 5.587 0.869 2.97
34 HMGB1 -0.008 4.502 0.780 -15.17 -0.003 4.512 0.352 -14.80
36 ICAM-1 - - - - - - - -
38 IGFBP-1 0.015 1.365 0.913 21.63 0.017 1.251 0.912 20.19
39 IGFBP-3 0.011 1.697 0.950 10.96 - - - -
40 IGFBP-7 0.028 3.186 0.651 44.06 0.030 3.101 0.722 46.57
44 IL-18 - - - - - - - -
45 IL-1b - - - - - - - -
50 IL-5 - - - - - - - -
51 IL-6 - - - - - - - -
53 IL-8 0.025 1.854 0.366 37.49 0.012 2.327 0.109 18.31
54 IP-10 - - - - -0.008 2.847 0.191 -5.42
57 MCP1 - - - - - - - -
59 MCP3 - - - - - - - -
62 MIP-1a 0.011 4.583 0.202 20.12 0.007 4.453 0.178 12.88
63 MIP-1b - - - - - - - -
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Table E.S9 continued from previous page

BSA
Additive Plate control

Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

64 MMP-1 0.004 1.651 0.395 0.55 - - - -
65 MMP-3 - - - - 0.015 -3.602 0.760 5.95
66 MMP-9 0.022 -1.814 0.744 5.05 - - - -
69 OPN 0.033 3.434 0.678 48.05 0.028 2.644 0.771 36.23
70 PAI-1 - - - - 0.011 0.242 0.671 18.50
71 PDGF-BB - - - - - - - -
72 PRL - - - - - - - -
74 RBP4 - - - - - - - -
77 SPARC - - - - - - - -
81 TGF-b1 - - - - - - - -
82 THSB-1 0.005 6.364 0.706 6.97 0.006 6.367 0.407 8.28
84 TIMP-1 - - - - - - - -
86 TNF-RI - - - - - - - -
87 TNF-RII - - - - - - - -
88 uPA 0.046 2.531 0.693 43.84 0.037 2.555 0.661 35.13
90 VCAM-1 - - - - - - - -
91 VEGF-A 0.009 0.694 0.069 8.64 0.028 0.487 0.526 26.60
93 VEGFR2 - - - - - - - -

Table E.S10: Linear regressions of protein levels in cell culture media with BSA and no U87
cells. BSA was added to cell culture media in a 24-well culture plate and incubated over two days.

BSACTRL

Additive Plate control
Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

1 AFP - - - - - - - -
2 AHSG - - - - - - - -
5 Ang1 0.006 0.450 0.894 8.38 -0.007 0.787 0.493 -10.55
7 BMP2 - - - - - - - -
8 b-NGF - - - - - - - -
9 BRAF - - - - - - - -
10 CA15-3 - - - - - - - -
11 CCL5 - - - - 0.041 -0.392 0.722 5.09
12 CD14 - - - - - - - -
14 c-Kit - - - - - - - -
17 E-cadherin 0.007 2.591 0.298 22.87 - - - -
18 EGF - - - - - - - -
19 EGF-R - - - - - - - -
22 FAS-L - - - - - - - -
26 GM-CSF - - - - - - - -
27 GRO-a - - - - - - - -
32 HGF 0.007 2.265 0.846 8.78 - - - -
33 HGF-R 0.013 5.615 0.964 10.51 - - - -
34 HMGB1 -0.003 4.615 0.386 -14.69 -0.013 4.665 0.414 -29.31
36 ICAM-1 - - - - - - - -
38 IGFBP-1 0.020 1.550 0.897 45.89 - - - -
39 IGFBP-3 0.005 1.834 0.677 5.03 - - - -
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Table E.S10 continued from previous page

BSACTRL

Additive Plate control
Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

40 IGFBP-7 0.028 2.510 0.950 37.78 - - - -
44 IL-18 - - - - - - - -
45 IL-1b - - - - - - - -
50 IL-5 - - - - - - - -
51 IL-6 - - - - - - - -
53 IL-8 -0.007 1.651 0.137 -11.08 - - - -
54 IP-10 - - - - - - - -
57 MCP1 - - - - - - - -
59 MCP3 - - - - - - - -
62 MIP-1a 0.013 4.200 0.865 23.07 - - - -
63 MIP-1b - - - - - - - -
64 MMP-1 - - - - - - - -
65 MMP-3 0.028 -3.179 0.909 56.32 - - - -
66 MMP-9 - - - - - - - -
69 OPN 0.023 2.430 0.782 22.27 - - - -
70 PAI-1 - - - - - - - -
71 PDGF-BB - - - - - - - -
72 PRL - - - - -0.003 -1.087 0.019 -10.87
74 RBP4 - - - - - - - -
77 SPARC - - - - - - - -
81 TGF-b1 - - - - - - - -
82 THSB-1 0.002 6.490 0.300 2.10 -0.009 6.769 0.443 -11.34
84 TIMP-1 - - - - - - - -
86 TNF-RI - - - - - - - -
87 TNF-RII - - - - - - - -
88 uPA 0.044 2.798 0.815 41.92 - - - -
90 VCAM-1 - - - - - - - -
91 VEGF-A 0.032 0.102 0.654 29.87 - - - -
93 VEGFR2 - - - - - - - -

Table E.S11: Linear regressions of protein levels in the media of U87 cultures with
DextranLMW. Stable human glial cells (U87)were cultured for two days inmediawithDextranLMW
in a 24-well culture plate. The last row of the plate is did not receive any additive.

DextranLMW

Additive Plate control
Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

1 AFP - - - - - - - -
2 AHSG - - - - - - - -
5 Ang1 0.005 0.700 0.885 7.05 0.013 0.557 0.947 18.46
7 BMP2 - - - - - - - -
8 b-NGF - - - - - - - -
9 BRAF - - - - 0.011 1.678 0.579 46.09
10 CA15-3 - - - - - - - -
11 CCL5 - - - - - - - -
12 CD14 - - - - - - - -
14 c-Kit - - - - - - - -
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Table E.S11 continued from previous page

DextranLMW

Additive Plate control
Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

17 E-cadherin - - - - -0.001 2.716 0.001 -2.45
18 EGF - - - - - - - -
19 EGF-R - - - - - - - -
22 FAS-L - - - - 0.006 1.079 0.554 14.53
26 GM-CSF - - - - 0.008 0.931 0.734 27.91
27 GRO-a - - - - - - - -
32 HGF - - - - 0.006 2.324 0.477 8.78
33 HGF-R 0.019 5.636 0.962 26.26 0.008 5.673 0.922 1.48
34 HMGB1 -0.005 4.590 0.477 -22.30 -0.010 4.641 0.562 -27.56
36 ICAM-1 - - - - - - - -
38 IGFBP-1 0.018 1.472 0.906 33.78 0.013 1.365 0.712 14.27
39 IGFBP-3 0.010 1.650 0.922 8.47 - - - -
40 IGFBP-7 0.031 3.162 0.822 49.30 0.028 3.087 0.731 43.99
44 IL-18 - - - - - - - -
45 IL-1b - - - - 0.011 2.021 0.676 35.61
50 IL-5 - - - - 0.010 -0.272 0.510 15.86
51 IL-6 - - - - - - - -
53 IL-8 0.021 2.030 0.255 31.08 0.020 2.180 0.222 29.55
54 IP-10 - - - - - - - -
57 MCP1 - - - - - - - -
59 MCP3 - - - - - - - -
62 MIP-1a 0.009 4.582 0.289 15.37 0.009 4.475 0.258 16.26
63 MIP-1b - - - - - - - -
64 MMP-1 - - - - - - - -
65 MMP-3 0.026 -3.616 0.980 30.74 - - - -
66 MMP-9 - - - - - - - -
69 OPN 0.037 2.659 0.906 49.49 0.025 2.542 0.911 27.89
70 PAI-1 0.005 0.404 0.872 2.08 0.007 0.389 0.629 13.42
71 PDGF-BB - - - - 0.008 5.655 0.534 6.62
72 PRL - - - - - - - -
74 RBP4 - - - - - - - -
77 SPARC - - - - - - - -
81 TGF-b1 0.005 2.808 0.774 8.25 - - - -
82 THSB-1 0.001 6.512 0.149 1.34 0.002 6.487 0.080 3.06
84 TIMP-1 - - - - - - - -
86 TNF-RI - - - - - - - -
87 TNF-RII - - - - - - - -
88 uPA 0.040 2.257 0.730 38.25 0.035 2.304 0.733 33.78
90 VCAM-1 - - - - - - - -
91 VEGF-A 0.027 0.413 0.462 25.33 0.024 0.513 0.494 22.65
93 VEGFR2 - - - - - - - -
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Table E.S12: Linear regressions of protein levels in the media of U87 cultures with
DextranHMW. Stable human glial cells (U87)were cultured for two days inmediawithDextranHMW
in a 24-well culture plate. The last row of the plate is did not receive any additive.

DextranHMW

Additive Plate control
Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

1 AFP - - - - - - - -
2 AHSG - - - - - - - -
5 Ang1 0.009 0.495 0.909 12.59 0.002 0.789 0.084 2.83
7 BMP2 - - - - -0.007 2.002 0.380 -8.50
8 b-NGF - - - - - - - -
9 BRAF - - - - - - - -
10 CA15-3 - - - - - - - -
11 CCL5 - - - - - - - -
12 CD14 - - - - - - - -
14 c-Kit - - - - - - - -
17 E-cadherin - - - - - - - -
18 EGF - - - - - - - -
19 EGF-R - - - - - - - -
22 FAS-L - - - - - - - -
26 GM-CSF - - - - - - - -
27 GRO-a - - - - - - - -
32 HGF 0.022 2.145 0.938 30.48 -0.003 2.681 0.097 -5.40
33 HGF-R 0.017 5.742 0.965 26.50 - - - -
34 HMGB1 - - - - -0.004 4.337 0.572 -0.63
36 ICAM-1 - - - - - - - -
38 IGFBP-1 0.027 1.444 0.948 56.69 0.006 1.521 0.478 5.34
39 IGFBP-3 0.006 1.684 0.900 2.47 - - - -
40 IGFBP-7 0.033 3.479 0.714 51.79 0.025 3.233 0.612 39.35
44 IL-18 - - - - - - - -
45 IL-1b - - - - - - - -
50 IL-5 - - - - - - - -
51 IL-6 - - - - 0.006 1.694 0.212 6.04
53 IL-8 0.033 1.520 0.645 48.77 0.000 2.637 0.000 -0.70
54 IP-10 - - - - - - - -
57 MCP1 - - - - - - - -
59 MCP3 - - - - - - - -
62 MIP-1a 0.006 4.642 0.232 10.49 -0.011 5.282 0.318 -19.47
63 MIP-1b - - - - - - - -
64 MMP-1 - - - - - - - -
65 MMP-3 0.016 -3.564 0.981 10.72 - - - -
66 MMP-9 - - - - - - - -
69 OPN 0.030 2.600 0.875 38.08 0.010 2.765 0.395 12.62
70 PAI-1 - - - - - - - -
71 PDGF-BB - - - - - - - -
72 PRL - - - - - - - -
74 RBP4 - - - - - - - -
77 SPARC 0.002 2.001 0.190 3.27 - - - -
81 TGF-b1 - - - - -0.012 2.942 0.472 -2.38
82 THSB-1 0.001 6.474 0.288 1.25 -0.004 6.560 0.453 -4.67
84 TIMP-1 - - - - - - - -
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Table E.S12 continued from previous page

DextranHMW

Additive Plate control
Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

86 TNF-RI - - - - - - - -
87 TNF-RII - - - - - - - -
88 uPA 0.043 2.503 0.659 41.15 0.024 2.580 0.714 22.73
90 VCAM-1 - - - - - - - -
91 VEGF-A 0.025 0.517 0.561 23.31 0.017 0.575 0.305 16.36
93 VEGFR2 - - - - - - - -

Table E.S13: Linear regressions of protein levels in the media of U87 cultures with LPS.
Stable human glial cells (U87) were cultured for two days in media with LPS in a 24-well culture
plate. The last row of the plate is did not receive any additive.

LPS
Additive Plate control

Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

1 AFP - - - - - - - -
2 AHSG - - - - - - - -
5 Ang1 -0.001 0.498 0.076 -2.03 0.003 0.393 0.149 3.56
7 BMP2 - - - - - - - -
8 b-NGF - - - - - - - -
9 BRAF - - - - - - - -
10 CA15-3 - - - - - - - -
11 CCL5 - - - - 0.003 1.637 0.048 4.96
12 CD14 - - - - - - - -
14 c-Kit - - - - - - - -
17 E-cadherin - - - - 0.005 2.390 0.356 1.24
18 EGF - - - - - - - -
19 EGF-R - - - - - - - -
22 FAS-L - - - - - - - -
26 GM-CSF - - - - - - - -
27 GRO-a - - - - - - - -
32 HGF 0.003 2.322 0.210 2.59 0.007 2.366 0.569 12.31
33 HGF-R 0.012 5.747 0.803 15.17 0.012 6.015 0.604 26.12
34 HMGB1 -0.008 4.529 0.825 -17.75 -0.002 4.369 0.283 -3.92
36 ICAM-1 - - - - - - - -
38 IGFBP-1 0.016 1.659 0.703 39.47 0.017 1.640 0.775 40.38
39 IGFBP-3 - - - - - - - -
40 IGFBP-7 0.023 2.663 0.819 36.01 0.022 2.693 0.772 34.15
44 IL-18 - - - - - - - -
45 IL-1b - - - - - - - -
50 IL-5 - - - - - - - -
51 IL-6 - - - - - - - -
53 IL-8 -0.003 1.843 0.006 -3.81 -0.017 1.833 0.275 -18.26
54 IP-10 - - - - - - - -
57 MCP1 - - - - - - - -
59 MCP3 - - - - - - - -
62 MIP-1a 0.019 4.457 0.606 33.16 0.013 4.554 0.394 22.10
63 MIP-1b - - - - - - - -
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Table E.S13 continued from previous page

LPS
Additive Plate control

Protein name Slope Intercept R2 Increase (%) Slope Intercept R2 Increase (%)

64 MMP-1 - - - - - - - -
65 MMP-3 0.024 -3.406 0.837 37.55 0.020 -3.378 0.921 28.39
66 MMP-9 - - - - - - - -
69 OPN 0.024 2.497 0.713 25.27 0.026 2.469 0.840 27.94
70 PAI-1 - - - - - - - -
71 PDGF-BB - - - - - - - -
72 PRL - - - - - - - -
74 RBP4 - - - - 0.013 1.047 0.716 47.41
77 SPARC - - - - - - - -
81 TGF-b1 - - - - - - - -
82 THSB-1 0.000 6.383 0.004 0.36 0.003 6.225 0.109 3.69
84 TIMP-1 - - - - - - - -
86 TNF-RI - - - - - - - -
87 TNF-RII - - - - - - - -
88 uPA 0.040 2.664 0.659 38.05 0.043 2.598 0.687 41.61
90 VCAM-1 - - - - - - - -
91 VEGF-A 0.031 0.194 0.520 28.86 0.031 0.224 0.513 28.84
93 VEGFR2 - - - - - - - -
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Figure E.S13: Effect of additives on secretion of proteins in the medium of stable U87 cells.
Additives (c whole blood, d BSA, e DextranLMW, f DextranHMW or g LPS) were added to three
rows of a 24-well plate containing mycoplasma-free cultured human glial (U87) cells. The last row
of each plate did not receive any additives and serves as a negative control. a is the comparison
of the effect of additives on the secretion of proteins. Only proteins which were detected in all
conditions is considered. b-i Each condition is shown compared to its plate control (b, e-g), to
BloodCTRL (c) or BSACTRL (d). Only proteins detected in both the additive and the control are
considered. Red lines are visual aids that show no increase nor decrease in protein levels measured
in the cell culture media.

Table E.S14: Summary of protein levels measured in cell cultures with additives and their
possible provenance.

Detected in: Produced by: Degraded in:
Protein name Media BSA + media Blood U87 cells Blood cells BSA + media Blood Media Media + U87 cells

2 AHSG - - Yes - - - - - -
5 Ang1 Yes Yes Yes Yes - Yes - Yes -
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Table E.S14 continued from previous page

Detected in: Produced by: Degraded in:
Protein name Media BSA + media Blood U87 cells Blood cells BSA + media Blood Media Media + U87 cells

10 CA15-3 - - - - Yes - - - -
11 CCL5 - - Yes - - - - - -
12 CD14 - - Yes - - - - - -
14 c-Kit - - Yes - Yes - - - -
17 E-cadherin - Yes Yes - - Yes - - -
18 EGF - - Yes - - - - - -
19 EGF-R - - Yes - - - - - -
27 GRO-α - - Yes - - - - - -
32 HGF - Yes Yes Yes Yes Yes - - -
33 HGF-R - Yes Yes Yes Yes Yes - - -
34 HMGB1 Yes Yes Yes - Yes - - Yes Yes
36 ICAM-1 - - Yes - - - - - -
38 IGFBP-1 - Yes - Yes - Yes - - -
39 IGFBP-3 - Yes Yes - - Yes - - -
40 IGFBP-7 - Yes Yes Yes - Yes - - -
44 IL-18 - - Yes - - - - - -
51 IL-6 - - - - - - - - -
53 IL-8 - Yes - Yes Yes Yes - - Yes
57 MCP1 - - - - Yes - - - -
59 MCP3 - - - - Yes - - - -
62 MIP-1α - Yes - Yes Yes Yes - - -
65 MMP-3 - Yes Yes Yes - Yes - - -
66 MMP-9 - - Yes - Yes - - - -
69 OPN - Yes Yes Yes - Yes - - -
70 PAI-1 - - Yes Yes - - - - -
72 PRL Yes - - - - - - - -
77 SPARC - - Yes - - - - - -
81 TGF-β1 - - Yes - - - Yes - -
82 THBS-1 Yes - Yes Yes - - - - Yes
84 TIMP-1 - - - - Yes - - - -
86 TNF-RI - - Yes - - - - - -
87 TNF-RII - - Yes - - - - - -
88 uPA - Yes Yes Yes - Yes - - -
90 VCAM-1 - - Yes - - - - - -
91 VEGF-A - Yes Yes Yes Yes Yes - - -
93 VEGFR2 - - Yes - - - - - -

Total 4 14 29 13 12 13 1 2 3
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Table E.S15: Statistical comparison of additives effects on U87 cell cultures. The percent
increase or decrease in the protein secretion in cell media was compared in the presence or absence
of additive using each 24-well culture plate’s last row as the negative control. Data normality was
calculated using the Shapiro-Wilk normality test, as it is a requirement for the validity of paired
t-tests. None, DextranLMW, DextranHMW and LPS were compared to their plate controls, while
Blood and BSA were compared to BloodCTRL and BSACTRL (plates containing blood and BSA
without cells), respectively.

None Blood BSA DextranLMW DextranHMW LPS

Normality Additive 0.715 0.158 0.193 0.674 0.655 0.080
Normality Control 0.210 0.016 0.714 0.431 0.944 0.318
Normality Difference 0.160 0.092 0.049 0.227 0.242 0.434
Paired t-test p-value 0.004 0.003 0.492 0.167 0.001 0.657
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Figure E.S14: Measure of quantity of cells in cell cultures subjected to additives. Following
media aspiration and freezing, remaining U87 cells from 24-well plates were washed and their
number estimated by lysing and measuring the total protein concentration using a BCA assay.
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Figure E.S15: Measure of quantity of cells in cell cultures subjected to additives. Following
media aspiration and freezing, remaining U87 cells from 24-well plates were washed and their
number estimated by lysing and measuring the total protein concentration using a BCA assay. Total
protein levels are shown here as separate graphs for each different 24-well plate. c BloodCTRL did
not have any cells and therefore was not measured here.
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APPENDIX F

Potential biomarkers in TBI patients: Supplementary Material

This appendix describes the Supplementary Material to chapter 6.
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Figure F.S1: Analysis of glucose levels in microdialysate samples of sTBI patients. a Glucose
concentration in the brain microdialysate samples of individual sTBI patients, whose clinical
information is shown below, was measured and peaks amplitude, time and ratio of mean value to
normal (PRA) (b-d) was calculated for each patient. The average glucose profile (e) and PRA (f-h)
are shown. Glucose profiles (i, analyzed by mixed effect modeling) and PRA (j-l, t-tests) between
patients with good (GOS-E 5-8) and bad (GOS-E 1-4) outcome were compared. Similarly, glucose
profiles (m) and PRA (n-p) was compared between patients with high and low ICP. The dashed
lines in a, e, i, m show the normal measured value while the red lines in b, f, j, n show a threshold
for a profile that is considered to have a peak, rather than being constant. The light red boxes in d,
h, l, p show the threshold of comparison to the normal measured value.
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Figure F.S2: Analysis of glutamate levels in microdialysate samples of sTBI patients. a
Glutamate concentration in the brain microdialysate samples of individual sTBI patients, whose
clinical information is shown below, was measured and peaks amplitude, time and ratio of mean
value to normal (PRA) (b-d) was calculated for each patient. The average glutamate profile (e)
and PRA (f-h) are shown. Glutamate profiles (i, analyzed by mixed effect modeling) and PRA (j-l,
t-tests) between patients with good (GOS-E 5-8) and bad (GOS-E 1-4) outcome were compared.
Similarly, glutamate profiles (m) and PRA (n-p) was compared between patients with high and
low ICP. The dashed lines in a, e, i, m show the normal measured value while the red lines in b,
f, j, n show a threshold for a profile that is considered to have a peak, rather than being constant.
The light red boxes in d, h, l, p show the threshold of comparison to the normal measured value.
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Figure F.S3: Analysis of lactate levels in microdialysate samples of sTBI patients. a Lactate
concentration in the brain microdialysate samples of individual sTBI patients, whose clinical
information is shown below, was measured and peaks amplitude, time and ratio of mean value to
normal (PRA) (b-d) was calculated for each patient. The average lactate profile (e) and PRA (f-h)
are shown. Lactate profiles (i, analyzed by mixed effect modeling) and PRA (j-l, t-tests) between
patients with good (GOS-E 5-8) and bad (GOS-E 1-4) outcome were compared. Similarly, lactate
profiles (m) and PRA (n-p) was compared between patients with high and low ICP. The dashed
lines in a, e, i, m show the normal measured value while the red lines in b, f, j, n show a threshold
for a profile that is considered to have a peak, rather than being constant. The light red boxes in d,
h, l, p show the threshold of comparison to the normal measured value.
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Figure F.S4: Analysis of pyruvate levels in microdialysate samples of sTBI patients. a
Pyruvate concentration in the brain microdialysate samples of individual sTBI patients, whose
clinical information is shown below, was measured and peaks amplitude, time and ratio of mean
value to normal (PRA) (b-d) was calculated for each patient. The average pyruvate profile (e)
and PRA (f-h) are shown. Pyruvate profiles (i, analyzed by mixed effect modeling) and PRA (j-l,
t-tests) between patients with good (GOS-E 5-8) and bad (GOS-E 1-4) outcome were compared.
Similarly, pyruvate profiles (m) and PRA (n-p) was compared between patients with high and low
ICP. The dashed lines in a, e, i, m show the normal measured value while the red lines in b, f, j,
n show a threshold for a profile that is considered to have a peak, rather than being constant. The
light red boxes in d, h, l, p show the threshold of comparison to the normal measured value.
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Figure F.S5: Analysis of LPR levels in microdialysate samples of sTBI patients. a Lactate
to pyruvate ratio (LPR) in the brain microdialysate samples of individual sTBI patients, whose
clinical information is shown below, was measured and peaks amplitude, time and ratio of mean
value to normal (PRA) (b-d) was calculated for each patient. The average LPR profile (e) and PRA
(f-h) are shown. LPR profiles (i, analyzed by mixed effect modeling) and PRA (j-l, t-tests) between
patients with good (GOS-E 5-8) and bad (GOS-E 1-4) outcome were compared. Similarly, LPR
profiles (m) and PRA (n-p) was compared between patients with high and low ICP. The dashed
lines in a, e, i, m show the normal measured value while the red lines in b, f, j, n show a threshold
for a profile that is considered to have a peak, rather than being constant. The light red boxes in d,
h, l, p show the threshold of comparison to the normal measured value.
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Because several samples were unquantified by standard curves, we used fluorescence values
compared to a common sample replicate located throughout both experiments layouts to report
protein measurements. The first large-scale experiment was calibrated for an improvement in
sensitivity, while the second experiment was calibrated for an improvement in reproducibility,
in order to roughly match the limit of detection of both experiments (205 and 189 pg/mL) to
facilitate comparison of data (figure F.S6 and supplementarymaterial on ACMcalibration). Overall
performance is shown in figures F.S7 and F.S8. Performance for individual proteins in both
experiments are found in tables F.S1 and F.S2.

Proteins in sTBI patients samples were measured in a separate experiment as samples of mTBI
patients because of the logistical limit to the number of samples that could be measured in a
single experiment. While median LODs were adjusted to be roughly the same by selecting different
methods of data calibration, mismatches in LODof individual proteins sometimes led to the proteins
being undetected in mTBI samples and detected in sTBI samples in spite of a real difference in ratio
to pnBlood replicate samples, which were measured in both experiments. Therefore we compared
fluorescence values measured to those of pnBlood, which is theoretically as reliable as quantifying
proteins using standard curves, since subtle differences in curve fitting can lead to vast differences
in quantified values. Conclusions drawn about potential biomarkers of injury severity, in which
sTBI and mTBI samples are compared, should be taken with caution.
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CalCombined: mTBI: CalRepro, Mean+3SD, sTBI: CalLOD, Mean+2SD
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Figure F.S6: Calibration performance adjustment of sTBI experiment using LOD-based
calibration. The mTBI experiment was calibrated using the recommended reproducibility-based
parameters. a and c show the comparison between the sTBI and mTBI calibration performance
when both experiments are calibrated using the reproducibility-based method. In contrast, b and d
show the comparison when the sTBI experiment is calibrated using the LOD-based method. Only
proteins for which a reproducibility and LOD were calculated in both experiments are considered.
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Figure F.S7: ACM calibration performance based on reproducibility improvement for the
mTBI analysis. a-e Comparison of uncalibrated with data calibrated using the global method of
calibration using the chosen dilution for each protein (GPPD 1 Index) in terms of (a) global and
(b) local reproducibility, (c) quantification and (d) accuracy ranges and (e) sensitivity. f shows the
frequency of each calibration algorithm chosen in the calibration.
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Figure F.S8: ACM calibration performance based on sensitivity improvement for the sTBI
analysis. a-eComparison of uncalibrated with data calibrated using the local method of calibration
using the median of all the local calibration slopes to calculate the global calibration slope (LLOD
median) in terms of (a) global and (b) local reproducibility, (c) quantification and (d) accuracy
ranges and (e) sensitivity. f shows the frequency of each calibration algorithm chosen in the
calibration.
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In order to use themost reliable measurements for each protein in blood samples of TBI patients,
we performed an experiment to study the effect of blood collection tube, wait time and temperature
before centrifugation, and filtering of plasma prior to sample storage on the measurement of
proteins. The different blood tubes were compared in terms of initial measurement value (with no
wait before centrifugation) and stability during a 2 h wait before centrifugation at 4 ◦C or 25 ◦C.
Starting values and stability measures were obtained for all conditions for 27 proteins and compared
in figure F.S9, which gives an idea of overall trends in measurement reliability. Most proteins were
reliably measured in all blood tubes, and the stability did not vary significantly with the temperature
at which the blood tubes were held before processing. A single protein (EGF) showed a strong
increase in serum when tubes were left for 0.5 to 2 h at 25 ◦C (table F.S3). The complete list of
conditions that led to variation above or below 10 % of the measurement range is found in table
F.S4.
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Figure F.S9: Effect of tube collection type and filtering on proteins’ initialmeasured value and
stability before processing. 103 proteins was measured in blood samples from two anonymous
donors. Blood was collected in five different collection tubes and left at room temperature (a, c)
or stored at 4 ◦C (b, d) for 5, 30 and 120 min. Serum tubes were left to coagulate for 15 min before
storing and waiting. a-b show the aggregated stability of measured protein levels after 120 min and
c-d the aggregated extrapolated value measured with no waiting time before processing. c-d are
expressed as a number of standard deviations (SD) away from the mean of all collection tubes and
post-centrifugal filtering for EDTA and CTAD plasma. A higher value indicates more deviation
from the mean. Only proteins for which a starting value and stability values could be measured at
both temperatures are considered.
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Considering all proteins that were detected, the initial protein measurements varied between
the different blood tube types, with eight proteins measuring higher in serum compared to plasma,
and three measuring lower (table F.S3 and figure F.S10). Two proteins measured higher, and
seven measured lower in plasma than in serum. Only EDTA plasma led to average initial protein
measurements for all proteins. While filtering out platelets from CTAD appeared to give more
reliable results in terms of initial protein measurement, filtering had no effect on the initial protein
measurement of EDTA samples (figure F.S9c-d). Figures F.S11 and F.S12 show that values of initial
measurement and stability calculated from fluorescence values are comparable to those calculated
with quantities.

The lengths of time (5, 30 and 120 min) studied here as waiting time before centrifugation
was very small compared to several studies where waiting time before centrifugation is often a
maximum of 48 h. While a long wait time is common in clinical laboratories, samples taken for
this study were usually processed within one hour and therefore the scale of waiting time chosen in
this experiment corresponds to the scale of waiting time likely to be encountered by the sTBI and
mTBI samples. In spite of the short waiting time, we found at least one protein (EGF) that was not
stable even after 30 min in serum.

Table F.S3: Proteins whose initial value are affected by different collection tubes.

Serum Citrate Heparin EDTA/EDTAFilt CTAD/CTADFilt

Higher Ang1 PRL SPARC none PRL
EGF1

HGF
MMP-1
PDGF-BB
SPARC
TGF-β1
VEGF-A

Lower E-cadherin IL-10 E-cadherin none c-Kit
HMGB1 PAI-1 HMGB1 IL-10
OPN TGF-β RII PAI-1

TGF-β1 TGF-β RII
TGF-β1

1: Accompanied by sharp increase in measured value with waiting time at room temperature before processing

The two blood collection tubes and storage temperature in common for sTBI and mTBI patients
blood samples were serum kept at 25 ◦C and EDTA plasma kept at 4 ◦C. Comparing these two
conditions, one of the two combinations of blood tube and pre-processing storage temperature was
chosen for each protein, and the resulting list is found in tables F.S5 and F.S6.
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Figure F.S10: Effect of tube collection type and filtering on proteins initial measured value
and stability before processing, all proteins. 103 proteins was measured in blood samples from
two anonymous donors. Blood was collected in five different collection tubes and left at room
temperature (a, c) or stored at 4 ◦C (b, d) for 5, 30 and 120 min. Serum tubes were left to coagulate
for 15 min before storing and waiting. a-b show the aggregated stability of measured protein levels
after 120 min and c-d the aggregated extrapolated value measured with no waiting time before
processing. c-d are expressed as a number of standard deviations (SD) away from the mean of
all collection tubes and post-centrifugal filtering for EDTA and CTAD plasma. A higher value
indicates more deviation from the mean.
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Figure F.S11: Comparison of stability of proteins calculated with fluorescence values and
quantities. The effect of pre-analytical variables on protein stability of blood collected in a serum,
b citrate, c heparin, d-e EDTA and f-g CTAD tubes while waiting for processing was measured
with calibrated fluorescence values (y-axes) and quantities interpolated from the standard curves
(x-axes). Graphs e, g shows stability values from plasma that were filtered before freezing. Linear
fits were calculated using median-based linear regression.
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Figure F.S12: Comparison of initial values of proteins calculated with fluorescence values
and quantities. The effect of pre-analytical variables on the initial values of proteins in blood
collected in a serum, b citrate, c heparin, d-e EDTA and f-g CTAD tubes was measured with
calibrated fluorescence values (y-axes) and quantities interpolated from the standard curves (x-
axes). Graphs e, g shows stability values from plasma that were filtered before freezing. Linear
fits were calculated using median-based linear regression.
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Table F.S5: Quantities of proteins found in pooled normal controls, lowdilution. All quantities
are expressed in pg/mL, with standard deviations when available. -: not detected.

Blood Type Blood Dilution Serum Normal Low Citrate Normal Low Heparin Normal Low EDTA Normal Low CTAD Normal Low

AFP Serum 3 1387752.3 ± 734453.7 1234904.6 1583551.6 ± 3e+05 2e+06 ± 487500.4 1541678.6 ± 191052.0
AHSG Serum 3 - - - - -
ALDH1L1 Serum 3 - - - 20567.0 ± 14237.8 24031.6
Amphiregulin EDTA 3 296.9 ± 159.3 - 182.0 ± 97.3 301.7 ± 108.2 245.4 ± 93.5
Ang1 EDTA 3 3809.7 ± 253.8 398.1 - - -
Ang2 EDTA 3 - - - - -
β-NGF EDTA 3 - - - - -
BDNF Serum 3 5762.8 ± 1646.9 - 11131.5 ± 1091.0 15631.8 ± 5390.5 -
BMP2 Serum 3 - - - - -
BRAF Serum 3 - - - - -
c-Kit EDTA 3 5416.3 ± 1633.9 3604.8 8042.5 ± 187.6 8738.5 ± 2575.8 5657.6 ± 2120.1
CA15-3 Serum 3 615.6 ± 129.8 995.8 820.8 ± 267.2 818.5 ± 165.8 1019.9 ± 94.5
Cathepsin B Serum 3 - - - - -
CCL5 Serum 3 - - - - -
CD14 Serum 30 - - - - -
CEA Serum 3 662.7 ± 302.0 575.7 495.5 ± 26.4 677.1 ± 134.3 -
CRP EDTA 3 - - - - -
CXCL12 EDTA 3 - - - 24190.0 ± 9843.7 25221.6 ± 11866.2
E-cadherin Serum 3 2054.2 ± 145.5 3897.5 2933.0 ± 98.4 4169.7 ± 946.7 3262.6 ± 734.7
E-selectin Serum 3 - - - - -
EGF EDTA 3 4362.7 ± 2457.5 - 0.06 ± 0.081 0.22 ± 0.15 0.21
EGFR Serum 3 11232.9 ± 3821.5 4233.0 12795.2 ± 8730.9 8658.8 ± 3115.0 5513.8 ± 3265.9
Endoglin Serum 3 2131.3 ± 422.9 1887.2 2235.6 ± 26.4 2475.7 ± 299.6 2967.1 ± 688.2
EpCAM EDTA 3 - - - - -
FAS Serum 3 529.6 ± 139.4 546.8 429.5 ± 91.2 566.8 ± 195.1 336.8 ± 139.3
FAS-L Serum 3 171.3 ± 112.2 130.5 - 189.1 ± 91.1 130.8 ± 76.8
FGF-1 EDTA 3 - - - - -
FGFb Serum 3 20693.5 ± 15644.7 - 32100.2 ± 7920.9 48131.2 ± 43704.9 16774.1 ± 6061.9
Flt-3 EDTA 3 - - - - -
G-CSF Serum 3 - - - - -
GFAP Serum 3 - - - - -
GM-CSF EDTA 3 - - - - -
GRO-α Serum 3 22192.5 ± 7327.1 - - 21236.0 ± 8193.1 -
HAI-1 Serum 3 153244.1 ± 92034.1 77111.3 98606.8 ± 30617.2 139449.4 ± 36344.1 141879.1 ± 45786.8
HE4 Serum 3 - - 54501.7 ± 14736.9 67781.3 ± 25953.0 -
HER2 Serum 3 161.8 ± 269.4 - - - -
HER3 Serum 3 565.0 ± 520.0 - - - -
HGF EDTA 3 2694.7 ± 335.1 1039.5 923.3 ± 299.5 1346.0 ± 481.8 1158.1 ± 530.6
HGF-R Serum 30 15824.2 ± 3527.0 10123.3 20274.4 ± 7906.5 36804.2 ± 27650.9 29516.3 ± 7621.8
HMGB1 Serum 3 - - - - -
HP Serum 3 - - - - -
ICAM-1 EDTA 3 - - - - -
IFN-γ EDTA 3 - - - - -
IGFBP-1 Serum 3 539.5 ± 118.0 877.5 754.5 ± 19.5 774.1 ± 149.6 655.2 ± 85.1
IGFBP-3 Serum 3 1e+05 ± 26225.3 122322.9 145783.5 ± 8853.7 144382.2 ± 39814.9 89700.2 ± 6460.8
IGFBP-7 Serum 30 19160.0 ± 4303.3 15192.6 17644.0 ± 4319.9 17388.7 ± 7475.5 8456.4 ± 354.3
IL-10 EDTA 3 - - - - -
IL-12 EDTA 3 4312.4 ± 3245.6 - - - -
IL-15 EDTA 3 - - - - -
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Table F.S5 continued from previous page

Blood Type Blood Dilution Serum Normal Low Citrate Normal Low Heparin Normal Low EDTA Normal Low CTAD Normal Low

IL-18 EDTA 3 - - - - -
IL-1β EDTA 3 49.4 ± 38.1 24.0 18.0 ± 13.5 43.2 ± 18.8 45.5 ± 7.9
IL-1ra EDTA 3 17083.7 ± 3343.7 10488.6 - 15843.2 ± 2631.3 13861.0 ± 2132.5
IL-2 EDTA 3 - - - - -
IL-3 EDTA 3 387.7 ± 241.5 - - 254.6 ± 150.3 382.4 ± 106.8
IL-4 Serum 3 - - - - -
IL-5 EDTA 3 - - - - -
IL-6 EDTA 3 - - - - -
IL-7 EDTA 3 191.5 ± 166.9 172.3 - 231.7 ± 82.5 320.6 ± 13.9
IL-8 EDTA 3 - - - - -
IP-10 Serum 3 44.9 ± 49.1 20.2 10.8 ± 13.5 59.3 ± 33.5 53.0 ± 34.6
KLK14 EDTA 3 2215.4 ± 872.5 - - - 2048.1 ± 1051.7
KLK8 EDTA 3 - - 2495248.6 ± 2305596.7 2197071.7 ± 810984.9 -
Leptin Serum 3 - - - - -
M-CSF EDTA 3 1518.8 ± 1081.7 - - 827.5 ± 691.1 563.6 ± 589.2
MCP1 EDTA 3 - - 1334.1 967.7 ± 358.7 -
MCP2 EDTA 3 36.8 ± 17.3 - - 30.8 ± 21.5 60.0
MCP3 EDTA 3 - - - - -
MCP4 EDTA 3 - - - - -
MIG EDTA 3 1694.8 ± 1322.4 1738.0 - 1787.0 ± 311.6 2177.1 ± 361.0
MIP-1α EDTA 3 21.5 ± 10.4 - 20.2 ± 3.3 31.7 ± 12.1 27.5 ± 14.9
MIP-1β EDTA 3 - - - - -
MMP-1 EDTA 3 - - - - -
MMP-3 Serum 3 9322.5 ± 2174.6 5592.5 15213.4 ± 262.1 12287.3 ± 6077.1 7254.5 ± 2279.8
MMP-9 EDTA 30 18715.6 ± 1314.0 5163.5 13894.7 ± 272.6 14154.2 ± 2675.9 16881.9 ± 369.7
NCAM-1 EDTA 3 168897.9 ± 115278.1 176312.3 324853.6 ± 94777.3 165748.3 ± 68800.6 254329.1 ± 127474.1
NT-3 EDTA 3 821.3 ± 244.5 - - - -
OPN EDTA 3 18900.2 ± 12796.6 19467.1 29662.7 ± 8235.4 175178.4 ± 282842.9 23199.8 ± 8574.3
PAI-1 EDTA 3 1267364.2 ± 569324.5 - 1857525.1 ± 222157.0 2222996.1 ± 756340.3 730451.7 ± 1e+05
PDGF-BB EDTA 3 499.7 ± 98.7 - 73.7 ± 40.8 99.3 ± 77.2 -
PRL Serum 3 - - - - -
PSA Serum 3 27955.6 ± 27340.6 81621.5 16680.7 ± 2965.0 36532.1 ± 30789.2 68969.1 ± 39972.0
RBP4 EDTA 3 - - - - -
S100B Serum 3 281297.7 ± 112244.3 288714.7 - 235768.8 ± 90783.3 265163.0 ± 42725.8
SCGN EDTA 3 - - - - -
SPARC EDTA 3 6924.6 ± 1570.0 - - 3691.0 ± 458.5 -
TF EDTA 3 1742.5 ± 1257.2 2399.5 4620.1 ± 478.8 4455.7 ± 1604.9 4079.9 ± 1407.8
TGF-α EDTA 3 235.7 ± 94.3 - - - 252.0
TGF-β RII EDTA 3 2199.6 ± 3537.7 - - 2288.4 ± 1247.7 1735.0 ± 2810.3
TGF-β1 EDTA 3 753.3 ± 60.7 - - 5.2 ± 7.4 -
TGF-β2 EDTA 3 - - - - -
THBS-1 Serum 30 - - - - -
Tie-2 Serum 3 8462.0 ± 1186.9 13211.0 9126.7 ± 259.8 12684.5 ± 2629.4 12875.9 ± 4178.8
TIMP-1 EDTA 3 - - - - -
TNF-α EDTA 3 - - - - 24.8 ± 10.6
TNF-RI EDTA 3 3332.7 ± 344.6 3447.8 3541.9 ± 412.7 3284.4 ± 214.2 2569.3 ± 409.4
TNF-RII Serum 3 2078.4 ± 281.1 4573.2 2038.5 ± 27.7 1724.9 ± 292.1 3372.7 ± 733.7
uPA EDTA 3 1426.7 ± 415.8 931.8 729.7 ± 53.4 755.1 ± 146.6 757.3 ± 114.1
uPA-R Serum 3 834.3 ± 227.5 - - 795.6 ± 287.4 -
VCAM-1 Serum 3 87471.5 ± 10465.4 111902.6 84183.2 ± 24092.6 107549.6 ± 23820.1 124137.3 ± 32929.7
VEGF-A EDTA 3 336.3 ± 67.1 13.5 22.2 ± 0.031 26.5 ± 6.8 9.4 ± 5.6
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Table F.S5 continued from previous page

Blood Type Blood Dilution Serum Normal Low Citrate Normal Low Heparin Normal Low EDTA Normal Low CTAD Normal Low

VEGF-D Serum 3 - - - - -
VEGFR2 Serum 3 11751.9 ± 2169.0 13584.6 8996.6 ± 1071.9 9144.6 ± 1925.1 11893.1 ± 3653.3
VEGFR3 Serum 3 - - - - -

Table F.S6: Quantities of proteins found in pooled normal controls, high dilution. All
quantities are expressed in pg/mL, with standard deviations when available. -: not detected.

Blood Type Blood Dilution Serum Normal High Citrate Normal High Heparin Normal High EDTA Normal High CTAD Normal High

AFP Serum 3 - - - 6483852.1 ± 6365814.2 -
AHSG Serum 3 - - - - -
ALDH1L1 Serum 3 - - - - -
Amphiregulin EDTA 3 - - - - -
Ang1 EDTA 3 21306.1 ± 10542.2 - - - -
Ang2 EDTA 3 - - - - -
β-NGF EDTA 3 - - - - -
BDNF Serum 3 - - - - -
BMP2 Serum 3 - - - - -
BRAF Serum 3 - - - - -
c-Kit EDTA 3 21569.6 ± 4002.0 18542.8 16861.4 25432.7 ± 4427.0 24607.8 ± 8622.7
CA15-3 Serum 3 2623.8 ± 890.8 3810.5 2757.0 4761.8 ± 978.0 4699.7 ± 2043.6
Cathepsin B Serum 3 - - - - -
CCL5 Serum 3 - - - - -
CD14 Serum 30 - - - - -
CEA Serum 3 - - - - -
CRP EDTA 3 - - - - -
CXCL12 EDTA 3 - - - - -
E-cadherin Serum 3 6841.4 ± 697.6 6988.8 7974.4 9656.0 ± 2374.9 8328.6 ± 1472.7
E-selectin Serum 3 - - - - -
EGF EDTA 3 1697.2 ± 621.3 - - - -
EGFR Serum 3 20043.4 ± 4719.4 20541.7 17022.4 18898.9 ± 6139.4 20790.5 ± 10684.4
Endoglin Serum 3 - - - - -
EpCAM EDTA 3 - - - - -
FAS Serum 3 689.7 ± 56.1 396.5 806.3 600.0 ± 101.5 459.7 ± 186.3
FAS-L Serum 3 - - - 1449.4 -
FGF-1 EDTA 3 - - - - -
FGFb Serum 3 - - 105139.6 - -
Flt-3 EDTA 3 - - - - -
G-CSF Serum 3 - - - - -
GFAP Serum 3 - - - - -
GM-CSF EDTA 3 - - - - -
GRO-α Serum 3 - - - - -
HAI-1 Serum 3 - - - - -
HE4 Serum 3 - - - - -
HER2 Serum 3 - - - - -
HER3 Serum 3 - - - - -
HGF EDTA 3 - - - - -
HGF-R Serum 30 72722.2 ± 15874.9 49919.7 48578.3 68154.3 ± 13853.6 79702.2 ± 29729.0
HMGB1 Serum 3 - - - - -
HP Serum 3 - - - - -
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Table F.S6 continued from previous page

Blood Type Blood Dilution Serum Normal High Citrate Normal High Heparin Normal High EDTA Normal High CTAD Normal High

ICAM-1 EDTA 3 - - - - -
IFN-γ EDTA 3 - - - - -
IGFBP-1 Serum 3 5144.7 ± 309.2 3846.5 4882.8 4688.1 ± 747.2 4697.2 ± 605.8
IGFBP-3 Serum 3 453243.7 ± 18607.4 518966.6 450723.4 511547.9 ± 70081.3 590374.8 ± 97652.3
IGFBP-7 Serum 30 48801.4 ± 10716.5 39046.3 51150.1 52985.4 ± 12372.4 55686.3 ± 6965.9
IL-10 EDTA 3 - - - - -
IL-12 EDTA 3 - - - - -
IL-15 EDTA 3 - - - - -
IL-18 EDTA 3 - - - - -
IL-1β EDTA 3 - - - 110.5 -
IL-1ra EDTA 3 - - - - -
IL-2 EDTA 3 - - - - -
IL-3 EDTA 3 - - - - -
IL-4 Serum 3 - - - - -
IL-5 EDTA 3 - - - - -
IL-6 EDTA 3 - - - - -
IL-7 EDTA 3 - - - - -
IL-8 EDTA 3 - - - - -
IP-10 Serum 3 - - - - -
KLK14 EDTA 3 - - - - -
KLK8 EDTA 3 - - - - -
Leptin Serum 3 - - - - -
M-CSF EDTA 3 - - - - -
MCP1 EDTA 3 - - - - 10754.5 ± 7123.1
MCP2 EDTA 3 - - - - -
MCP3 EDTA 3 - - - - -
MCP4 EDTA 3 - - - - -
MIG EDTA 3 - - - 15110.2 -
MIP-1α EDTA 3 - - - - -
MIP-1β EDTA 3 - - - - -
MMP-1 EDTA 3 - - - - -
MMP-3 Serum 3 18200.8 ± 2129.9 17283.5 20206.0 24992.1 ± 8718.8 20941.5 ± 6512.1
MMP-9 EDTA 30 343206.1 ± 77587.9 71413.0 116101.3 129837.4 ± 26454.6 190059.4 ± 42091.4
NCAM-1 EDTA 3 819893.0 ± 464646.2 1309647.5 1439684.1 884579.2 ± 277444.6 724756.1 ± 5e+05
NT-3 EDTA 3 - - - - -
OPN EDTA 3 23812.1 ± 9690.5 29742.2 30752.4 41469.8 ± 13738.2 84403.2 ± 23703.2
PAI-1 EDTA 3 - - - - -
PDGF-BB EDTA 3 - - - - -
PRL Serum 3 - - - - -
PSA Serum 3 237263.2 ± 141830.1 - - 290661.3 ± 3e+05 335585.8 ± 330146.1
RBP4 EDTA 3 - - - - -
S100B Serum 3 - - - - -
SCGN EDTA 3 - - - - -
SPARC EDTA 3 - - - - -
TF EDTA 3 15224.3 ± 5094.3 31676.2 9391.0 28117.0 ± 13357.6 27896.1 ± 11900.7
TGF-α EDTA 3 - - - - -
TGF-β RII EDTA 3 - - - - -
TGF-β1 EDTA 3 - - - 21.3 -
TGF-β2 EDTA 3 - - - - -
THBS-1 Serum 30 - - - - -
Tie-2 Serum 3 - - - - -
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Blood Type Blood Dilution Serum Normal High Citrate Normal High Heparin Normal High EDTA Normal High CTAD Normal High

TIMP-1 EDTA 3 - - - - -
TNF-α EDTA 3 - - - - -
TNF-RI EDTA 3 - - - - -
TNF-RII Serum 3 1828.8 ± 770.0 1709.5 - 3701.3 ± 3063.4 1444.3 ± 690.1
uPA EDTA 3 - - - - -
uPA-R Serum 3 - - - - -
VCAM-1 Serum 3 943985.6 ± 185368.9 736693.6 722453.8 851657.2 ± 164993.7 765215.7 ± 115565.3
VEGF-A EDTA 3 381.5 ± 55.9 - - - -
VEGF-D Serum 3 - - - - -
VEGFR2 Serum 3 - - - - -
VEGFR3 Serum 3 - - - - -

Table F.S7: TBI normals quantities and relative recovery values for microdialysis quantifi-
cation. LOD is expressed in pg/mL.

Blood Blood mTBI mTBI pnBlood sTBI sTBI pnBlood CSF sTBI pnCSF Molecular Relative
Type Dilution LOD quantity (pg/mL) LOD quantity (pg/mL) Dilution quantity (pg/mL) size (kDa) recovery (%)

AFP Serum 3 179004.1 1387752.3 ± 734453.7 44344.4 - 3 - 137.4 0.8
AHSG Serum 3 - - 44258.7 644780.4 ± 487173.9 3 186306.0 ± 2e+05 39.3 4.6
ALDH1L1 Serum 3 6215.2 - 7928.1 74970.1 ± 49275.1 3 22119.4 ± 25181.8 98.8 1.6
Amphiregulin EDTA 3 45.8 301.7 ± 108.2 49.5 415.2 ± 120.4 3 - 27.9 5.6
Ang1 EDTA 3 73.5 219.5 ± 136.7 28.5 162.5 ± 23.9 3 - 57.5 3.3
Ang2 EDTA 3 713.2 1213.3 ± 256.1 115.7 1078.7 ± 282.2 3 - 56.9 3.3
β-NGF EDTA 3 33.5 - 6.63 8.6 ± 5.8 3 - 130 0.92
BDNF Serum 3 1404.4 5762.8 ± 1646.9 1487.6 45601.6 ± 37467.6 3 - 37.1 4.7
BMP2 Serum 3 65.2 87.3 ± 64.0 174 586.4 ± 228.4 3 191.8 ± 118.5 44.7 4.1
BRAF Serum 3 1087.7 - 743.3 2556.4 ± 918.4 3 851.4 ± 1253.0 84.4 2.1
c-Kit EDTA 3 171.2 8738.5 ± 2575.8 384.3 41181.5 ± 11633.7 3 1982.1 ± 545.9 109.9 1.3
CA15-3 Serum 3 65.9 615.6 ± 129.8 10.9 2329.0 ± 852.9 3 107.1 ± 74.3 375 0.012
Cathepsin B Serum 3 - - - - 3 - 30 5.4
CCL5 Serum 3 - - - - 3 - 8 7.9
CD14 Serum 30 - - - - 3 - 48 3.9
CEA Serum 3 149.6 662.7 ± 302.0 227.5 1478.2 ± 806.2 3 - 60.7 3.1
CRP EDTA 3 - - 0.623 1e+07 ± 1.2e+07 3 770659.8 ± 1466364.8 125 1
CXCL12 EDTA 3 7913.1 24190.0 ± 9843.7 2125.2 12183.1 ± 9527.9 3 2145.8 ± 1135.8 13.7 7.2
E-cadherin Serum 3 207.6 2054.2 ± 145.5 93.7 3357.9 ± 1185.7 3 346.1 ± 126.4 99.7 1.6
E-selectin Serum 3 - - 72.5 18129.4 ± 9425.5 3 256.3 66.7 2.8
EGF EDTA 3 0.017 0.22 ± 0.15 0.37 17.0 ± 12.7 3 - 6 8.2
EGFR Serum 3 38.7 11232.9 ± 3821.5 53 45268.9 ± 20620.9 3 1202.4 ± 338.4 134.3 0.85
Endoglin Serum 3 422.1 2131.3 ± 422.9 99.5 1821.9 ± 1334.2 3 324.6 ± 534.9 70.6 2.6
EpCAM EDTA 3 25.2 36.6 ± 16.5 18.9 252.7 ± 71.9 3 - 34.9 4.9
FAS Serum 3 12.7 529.6 ± 139.4 38.6 2475.9 ± 1937.6 3 - 37.7 4.7
FAS-L Serum 3 42.4 171.3 ± 112.2 - - 3 - 31.4 5.2
FGF-1 EDTA 3 - - - - 3 - 17.5 6.7
FGFb Serum 3 2433.9 20693.5 ± 15644.7 429.4 1458.7 ± 506.5 3 - 18 6.6
Flt-3 EDTA 3 419.3 - 332.2 491.0 ± 487.6 3 364.4 ± 193.2 112.9 1.2
G-CSF Serum 3 3.7 4.2 6.16 30.2 ± 19.7 3 12.6 ± 9.9 22.3 6.1
GFAP Serum 3 - - - - 3 - 49.9 3.8
GM-CSF EDTA 3 - - 0.542 270.4 ± 162.5 3 - 32.6 5.1
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Table F.S7 continued from previous page

Blood Blood mTBI mTBI pnBlood sTBI sTBI pnBlood CSF sTBI pnCSF Molecular Relative
Type Dilution LOD quantity (pg/mL) LOD quantity (pg/mL) Dilution quantity (pg/mL) size (kDa) recovery (%)

GRO-α Serum 3 6175.6 22192.5 ± 7327.1 1399.8 44957.2 ± 23892.8 3 1696.1 ± 1644.2 11.3 7.5
HAI-1 Serum 3 12262.7 153244.1 ± 92034.1 29494.6 2709148.7 ± 1283650.5 3 - 33.2 5.1
HE4 Serum 3 13900.1 23870.2 ± 24232.9 16332.4 58717.2 ± 41090.4 3 21057.1 ± 11665.3 13 7.2
HER2 Serum 3 39 161.8 ± 269.4 523 4150.7 ± 2461.1 3 931.1 ± 633.4 137.9 0.8
HER3 Serum 3 137.4 565.0 ± 520.0 828.8 2760.8 ± 1509.9 3 1156.4 ± 378.1 148.1 0.67
HGF EDTA 3 155.2 1346.0 ± 481.8 108.8 1081.8 ± 382.7 3 717.9 ± 123.6 83.1 2.1
HGF-R Serum 30 352.4 72722.2 ± 15874.9 244.5 123655.9 ± 44026.1 3 2205.6 ± 902.4 21.3 6.3
HMGB1 Serum 3 - - - - 3 - 24.9 5.9
HP Serum 3 - - 7760.7 38377.4 ± 3681.8 3 13642.3 ± 6158.1 167.4 0.47
ICAM-1 EDTA 3 - - 640.4 1249055.2 ± 717166.3 3 7443.7 ± 5736.4 19.4 6.5
IFN-γ EDTA 3 - - 0.0235 12.4 ± 5.6 3 0.73 38.6 4.6
IGFBP-1 Serum 3 12.9 539.5 ± 118.0 - - 3 - 27.9 5.6
IGFBP-3 Serum 3 415.9 1e+05 ± 26225.3 11516.6 54804.8 ± 12405.7 3 24645.9 ± 25016.1 32.2 5.2
IGFBP-7 Serum 30 245.7 48801.4 ± 10716.5 66.3 88609.5 ± 36023.1 3 51533.3 ± 29370.1 29.1 5.4
IL-10 EDTA 3 - - - - 3 - 41 4.4
IL-12 EDTA 3 1143.6 - - - 3 - 70 2.6
IL-15 EDTA 3 841.5 - 100 188.4 ± 119.4 3 - 18 6.6
IL-18 EDTA 3 - - - - 3 - 22.3 6.1
IL-1β EDTA 3 0.45 43.2 ± 18.8 2.07 29.5 ± 14.2 3 4.8 17.5 6.7
IL-1ra EDTA 3 3400.1 15843.2 ± 2631.3 2524.1 1e+05 ± 39026.7 3 3843.6 ± 3757.5 19.9 6.4
IL-2 EDTA 3 - - - - 3 - 17.6 6.7
IL-3 EDTA 3 75.2 254.6 ± 150.3 25.1 791.9 ± 442.5 3 - 17.2 6.7
IL-4 Serum 3 555.6 926.7 ± 969.8 276.3 1447.0 ± 1315.3 3 - 17.4 6.7
IL-5 EDTA 3 - - - - 3 - 15.2 7
IL-6 EDTA 3 - - - - 3 - 23.7 6
IL-7 EDTA 3 56.8 231.7 ± 82.5 10 69.6 ± 9.4 3 - 20.2 6.4
IL-8 EDTA 3 12.6 31.6 ± 9.8 15.7 76.6 ± 36.5 3 103.7 ± 26.9 11.1 7.5
IP-10 Serum 3 1.6 44.9 ± 49.1 52.2 1707.5 ± 1013.0 3 1503.1 ± 1258.6 10.9 7.5
KLK14 EDTA 3 672.8 1732.4 ± 617.4 - - 3 - 29.1 5.4
KLK8 EDTA 3 487312 2197071.7 ± 810984.9 266794.7 1415665.8 ± 116593.6 3 292165.8 ± 163933.9 33 5.1
Leptin Serum 3 - - - - 3 - 18.6 6.6
M-CSF EDTA 3 174.2 827.5 ± 691.1 183 12370.6 ± 2658.2 3 - 120.2 1.1
MCP1 EDTA 3 317.5 967.7 ± 358.7 420.9 8727.0 ± 5221.6 3 - 11 7.5
MCP2 EDTA 3 6.6 30.8 ± 21.5 570.5 1363.6 ± 2235.9 3 - 11.2 7.5
MCP3 EDTA 3 12.8 - 5.42 20.0 ± 5.7 3 5.9 ± 0.84 12.4 7.3
MCP4 EDTA 3 1330.4 1454.1 ± 1452.0 1400.1 9583.1 ± 14830.0 3 - 11 7.5
MIG EDTA 3 459.9 1787.0 ± 311.6 322.2 2345.7 ± 306.7 3 388.7 ± 497.9 14 7.1
MIP-1α EDTA 3 6.3 31.7 ± 12.1 0.00375 179.8 ± 186.3 3 - 10 7.6
MIP-1β EDTA 3 79.5 131.5 ± 54.9 58.5 170.0 ± 49.8 3 71.8 ± 55.3 10.2 7.6
MMP-1 EDTA 3 - - 331.9 21575.1 ± 11840.8 3 648.5 ± 414.0 54 3.5
MMP-3 Serum 3 120.6 9322.5 ± 2174.6 40.2 56949.9 ± 19119.2 3 1045.4 ± 413.0 54 3.5
MMP-9 EDTA 30 76.2 129837.4 ± 26454.6 - - 3 - 78.5 2.3
NCAM-1 EDTA 3 7655.2 165748.3 ± 68800.6 23483 192862.6 ± 8737.4 3 52871.9 94.6 1.7
NT-3 EDTA 3 198.9 378.0 ± 215.9 2052.4 11182.4 ± 2202.9 3 - 30.8 5.3
OPN EDTA 3 107.9 175178.4 ± 282842.9 85.1 54201.8 ± 56265.8 3 1221.4 ± 595.1 44 4.2
PAI-1 EDTA 3 218096.9 2222996.1 ± 756340.3 - - 3 - 45.1 4.1
PDGF-BB EDTA 3 0 99.3 ± 77.2 66.9 471.5 ± 74.0 3 111.1 ± 67.8 54.6 3.5
PRL Serum 3 - - - - 3 - 22.6 6.1
PSA Serum 3 0 27955.6 ± 27340.6 35198.5 - 3 - 28.7 5.5
RBP4 EDTA 3 - - - - 3 - 23 6.1
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Table F.S7 continued from previous page

Blood Blood mTBI mTBI pnBlood sTBI sTBI pnBlood CSF sTBI pnCSF Molecular Relative
Type Dilution LOD quantity (pg/mL) LOD quantity (pg/mL) Dilution quantity (pg/mL) size (kDa) recovery (%)

S100B Serum 3 73069.9 281297.7 ± 112244.3 172289.1 1779122.9 ± 460424.9 3 2e+05 ± 2e+05 10.7 7.5
SCGN EDTA 3 - - - - 3 - 32 5.2
SPARC EDTA 3 938.6 3691.0 ± 458.5 3663.8 12037.5 ± 9812.9 3 6805.3 ± 3213.1 34.6 4.9
TF EDTA 3 0 4455.7 ± 1604.9 2615.5 6063.2 ± 987.5 3 - 33.1 5.1
TGF-α EDTA 3 71.9 165.9 ± 103.2 0.732 1183.7 ± 1398.0 3 - 17 6.7
TGF-β RII EDTA 3 313.8 2288.4 ± 1247.7 8.56 22485.5 ± 8604.5 3 - 67.5 2.8
TGF-β1 EDTA 3 0.15 5.2 ± 7.4 1.82 205.1 ± 96.6 3 274.2 14 7.1
TGF-β2 EDTA 3 159529.3 - 382984.4 1202052.5 ± 654542.4 3 986142.1 ± 713958.3 50.6 3.7
THBS-1 Serum 30 - - 2797.1 4673625.0 ± 1756480.2 3 16792.7 ± 11738.1 388.2 0.0096
Tie-2 Serum 3 2753.8 8462.0 ± 1186.9 983.3 5535.5 ± 1218.3 3 - 52 3.6
TIMP-1 EDTA 3 - - 110874.3 877556.7 ± 219629.7 3 1109261.7 ± 219775.2 23.2 6
TNF-α EDTA 3 7.6 17.6 ± 7.0 4.76 164.2 ± 54.8 3 - 51 3.7
TNF-RI EDTA 3 290.9 3284.4 ± 214.2 179.8 5146.1 ± 1733.8 3 2865.6 ± 751.4 50.5 3.7
TNF-RII Serum 3 34.4 2078.4 ± 281.1 28.8 745.3 ± 179.6 3 560.8 ± 108.7 48.3 3.9
uPA EDTA 3 45.4 755.1 ± 146.6 144.9 965.1 ± 157.3 3 - 48.5 3.9
uPA-R Serum 3 251.6 834.3 ± 227.5 155.2 1157.6 ± 600.0 3 280.2 ± 140.2 50 3.8
VCAM-1 Serum 3 179.6 87471.5 ± 10465.4 172 62006.5 ± 40157.4 3 72240.3 ± 81797.7 81.3 2.2
VEGF-A EDTA 3 2.5 26.5 ± 6.8 3.05 25.8 ± 3.6 3 4.1 ± 3.5 91 1.8
VEGF-D Serum 3 4015.1 8955.2 ± 6682.7 13544.8 72933.8 ± 22667.0 3 20965.1 ± 14332.2 40.4 4.5
VEGFR2 Serum 3 2921.6 11751.9 ± 2169.0 - - 3 - 151.5 0.63
VEGFR3 Serum 3 - - 9755.8 87696.2 ± 39177.9 3 10029.9 ± 13256.1 152.8 0.61
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Table F.S8: Ratio of proteins to pnBlood in sTBI, mTBIC, mTBIS and trauma patients.
Numbers highlighted in blue and pink are more and less than 30 % above and below pnBlood,
respectively.

Protein name sTBI mTBIC mTBIS Trauma Protein name sTBI mTBIC mTBIS Trauma

1 TF 3.07 1.00 1.00 1.00 53 TIMP-1 0.89 0.74 0.59 0.97
2 IL-10 2.74 5.32 1.00 1.00 54 HGF-R 0.89 0.88 0.85 1.05
3 MIP-1β 2.58 1.10 1.00 1.36 55 CA15-3 0.89 0.73 0.76 0.47
4 SPARC 2.54 1.16 1.07 1.49 56 Ang1 0.89 6.97 6.31 9.36
5 IL-15 2.47 1.00 1.00 1.00 57 PDGF-BB 0.88 2.58 2.40 2.62
6 IL-6 2.46 NA NA NA 58 IL-8 0.86 2.08 1.00 1.00
7 TGF-β2 2.41 1.70 1.00 1.00 59 c-Kit 0.85 0.87 0.66 0.93
8 MCP2 2.18 3.87 1.00 1.00 60 TGF-α 0.85 3.70 1.00 1.00
9 BRAF 1.82 1.00 1.00 1.00 61 HE4 0.84 1.19 1.85 1.00
10 PSA 1.78 1.00 1.00 1.00 62 IGFBP-7 0.83 0.89 0.75 0.97
11 β-NGF 1.77 2.27 1.00 1.00 63 uPA-R 0.82 1.06 0.31 0.31
12 Flt-3 1.62 1.00 1.00 1.00 64 MMP-1 0.81 1.08 0.61 1.16
13 Leptin 1.56 1.08 1.00 1.00 65 IL-1ra 0.81 0.99 0.52 0.51
14 IL-4 1.50 1.59 1.00 1.84 66 IGFBP-1 0.80 0.83 0.80 0.90
15 HGF 1.47 1.41 1.15 2.40 67 NCAM-1 0.80 0.83 0.86 0.70
16 PRL 1.42 1.09 3.67 1.00 68 CCL5 0.80 1.00 1.00 1.00
17 VEGF-D 1.41 1.43 1.00 1.00 69 IL-5 0.80 0.64 0.31 0.31
18 PAI-1 1.34 1.07 0.82 0.78 70 FGF-1 0.79 NA NA NA
19 VEGF-A 1.29 1.39 1.33 2.29 71 Cathepsin B 0.77 1.00 1.34 1.36
20 BMP2 1.26 1.00 1.00 1.00 72 HER3 0.77 1.00 1.00 2.44
21 IGFBP-3 1.24 0.88 0.70 0.95 73 MCP4 0.76 2.67 1.00 1.00
22 ALDH1L1 1.22 1.09 2.59 1.00 74 ICAM-1 0.75 0.71 0.72 0.64
23 TNF-RI 1.22 1.30 0.92 1.35 75 Endoglin 0.75 0.67 0.67 0.93
24 HMGB1 1.21 0.76 0.69 0.27 76 VEGFR3 0.75 1.19 1.00 1.45
25 S100B 1.20 0.67 1.17 0.26 77 AHSG 0.75 1.00 1.00 1.00
26 OPN 1.18 0.96 0.95 1.21 78 KLK8 0.75 0.40 0.79 0.56
27 IL-18 1.16 1.04 0.86 1.09 79 IL-7 0.74 0.94 0.28 0.28
28 G-CSF 1.14 1.65 1.00 1.00 80 IP-10 0.73 1.14 0.52 1.05
29 HP 1.14 2.21 2.57 4.11 81 M-CSF 0.73 0.99 0.31 0.31
30 Tie-2 1.13 0.87 0.73 1.01 82 BDNF 0.72 0.47 1.10 0.88
31 MIP-1α 1.12 1.49 0.27 0.40 83 FGFb 0.71 0.53 0.42 0.48
32 TNF-RII 1.10 0.93 0.80 0.95 84 SCGN 0.71 NA NA NA
33 E-cadherin 1.07 1.06 0.80 1.05 85 MCP3 0.70 2.20 1.00 1.00
34 EGF 1.04 5.84 5.16 8.37 86 TNF-α 0.70 1.90 1.00 1.00
35 HAI-1 1.04 0.63 0.35 0.13 87 MCP1 0.68 1.00 1.00 2.48
36 MIG 1.04 0.86 0.28 0.28 88 CRP 0.67 1.25 2.28 1.34
37 uPA 1.03 0.89 0.67 0.94 89 IFN-γ 0.66 0.63 0.27 0.27
38 CEA 1.01 0.42 0.25 0.25 90 CXCL12 0.65 1.83 1.00 1.00
39 KLK14 0.97 3.58 1.00 2.03 91 EpCAM 0.64 1.61 1.00 1.00
40 MMP-3 0.97 0.91 0.76 0.86 92 HER2 0.64 1.95 1.00 2.01
41 TGF-β RII 0.96 1.12 0.28 0.28 93 NT-3 0.61 2.62 1.00 1.00
42 MMP-9 0.96 0.92 0.83 0.86 94 IL-1β 0.61 0.80 0.36 0.10
43 EGF-R 0.94 0.89 0.80 0.95 95 IL-3 0.60 0.79 0.32 0.32
44 CD14 0.94 0.96 0.90 1.05 96 TGF-β1 0.58 0.84 1.07 1.67
45 Ang2 0.93 1.09 1.00 1.00 97 RBP4 0.57 0.53 0.71 0.79
46 GFAP 0.93 0.83 1.17 0.22 98 GM-CSF 0.57 0.46 0.30 0.30
47 VCAM-1 0.93 0.93 0.85 1.04 99 FAS 0.54 0.65 0.36 0.65
48 THBS-1 0.92 0.83 0.85 0.91 100 GRO-α 0.50 0.68 0.29 0.29
49 E-selectin 0.92 0.67 0.37 0.27 101 FAS-L NA 1.59 1.35 1.00
50 IL-12 0.91 1.81 1.00 1.00 102 IL-2 NA 0.89 0.33 0.32
51 AFP 0.90 0.99 1.36 0.40 103 VEGFR2 NA 0.92 0.79 0.27
52 Amphiregulin 0.90 0.73 0.17 0.17



Appendix F. Potential biomarkers in TBI patients: Supplementary Material 385

Table F.S9: Summary of proteins showing a peak and ratio analysis progression with respect
to TBI severity. Amp.: amplitude.

Protein Peak Peak Ratio Protein Peak Peak Ratio
name sTBI mTBIC mTBIS Trauma amp. time pnBlood name sTBI mTBIC mTBIS Trauma amp. time pnBlood

1 FAS-L - Yes Yes No →
→ → 53 E-selectin Yes Yes Yes No - → →

2 VEGFR2 - Yes Yes No → →
→ 54 GFAP Yes Yes Yes No → - -

3 IL-2 - Yes Yes Yes - - → 55 HAI-1 Yes Yes Yes No → - →

4 FGF-1 Yes - - - →
→ - 56 HE4 Yes Yes Yes No - → -

5 IL-6 Yes - - - →
→ - 57 HMGB1 Yes Yes Yes No - - →

6 SCGN Yes - - - →
→ - 58 IL-1β Yes Yes Yes No - - -

7 AHSG Yes No No No →
→ - 59 PRL Yes Yes Yes No - → -

8 BMP2 Yes No No No →
→ - 60 S100B Yes Yes Yes No →

→ -
9 BRAF Yes No No No →

→ - 61 AFP Yes Yes Yes Yes → - -
10 CCL5 Yes No No No →

→ - 62 Ang1 Yes Yes Yes Yes - - -
11 Flt-3 Yes No No No →

→ - 63 BDNF Yes Yes Yes Yes - - -
12 IL-15 Yes No No No →

→ - 64 CA15-3 Yes Yes Yes Yes → - -
13 PSA Yes No No No →

→ - 65 CD14 Yes Yes Yes Yes - - -
14 TF Yes No No No →

→ - 66 c-Kit Yes Yes Yes Yes - - -
15 HER3 Yes No No Yes - - - 67 CRP Yes Yes Yes Yes - - -
16 MCP1 Yes No No Yes - - - 68 E-cadherin Yes Yes Yes Yes - - -
17 Cathepsin B Yes No Yes Yes - - → 69 EGF Yes Yes Yes Yes - → -
18 Amphiregulin Yes Yes No No →

→ - 70 EGF-R Yes Yes Yes Yes - - -
19 Ang2 Yes Yes No No - → - 71 Endoglin Yes Yes Yes Yes - - -
20 β-NGF Yes Yes No No →

→ - 72 FAS Yes Yes Yes Yes - - -
21 CEA Yes Yes No No - → - 73 FGFb Yes Yes Yes Yes - - -
22 CXCL12 Yes Yes No No → → - 74 HGF Yes Yes Yes Yes - - -
23 EpCAM Yes Yes No No →

→ - 75 HGF-R Yes Yes Yes Yes - - -
24 G-CSF Yes Yes No No →

→ - 76 HP Yes Yes Yes Yes - - →
25 GM-CSF Yes Yes No No → - - 77 ICAM-1 Yes Yes Yes Yes - - -
26 GRO-α Yes Yes No No →

→ - 78 IGFBP-1 Yes Yes Yes Yes - - -
27 IFN-γ Yes Yes No No → → - 79 IGFBP-3 Yes Yes Yes Yes - - -
28 IL-10 Yes Yes No No →

→ - 80 IGFBP-7 Yes Yes Yes Yes - - -
29 IL-12 Yes Yes No No →

→ - 81 IL-18 Yes Yes Yes Yes - - -
30 IL-3 Yes Yes No No →

→ - 82 IL-1ra Yes Yes Yes Yes - - -
31 IL-7 Yes Yes No No →

→ - 83 IL-5 Yes Yes Yes Yes → - -
32 IL-8 Yes Yes No No →

→ - 84 IP-10 Yes Yes Yes Yes - - -
33 Leptin Yes Yes No No - → - 85 KLK8 Yes Yes Yes Yes → - -
34 MCP2 Yes Yes No No →

→ - 86 MMP-1 Yes Yes Yes Yes - - -
35 MCP3 Yes Yes No No → - - 87 MMP-3 Yes Yes Yes Yes - - -
36 MCP4 Yes Yes No No →

→ - 88 MMP-9 Yes Yes Yes Yes - - -
37 M-CSF Yes Yes No No →

→ - 89 NCAM-1 Yes Yes Yes Yes - - -
38 MIG Yes Yes No No →

→ - 90 OPN Yes Yes Yes Yes - - -
39 NT-3 Yes Yes No No →

→ - 91 PAI-1 Yes Yes Yes Yes - - →

40 TGF-α Yes Yes No No → → - 92 PDGF-BB Yes Yes Yes Yes - - -
41 TGF-β RII Yes Yes No No → → - 93 RBP4 Yes Yes Yes Yes - - -
42 TGF-β2 Yes Yes No No →

→ - 94 SPARC Yes Yes Yes Yes - - -
43 TNF-α Yes Yes No No → → - 95 TGF-β1 Yes Yes Yes Yes - - →
44 uPA-R Yes Yes No No → → - 96 THBS-1 Yes Yes Yes Yes - - -
45 VEGF-D Yes Yes No No - → - 97 Tie-2 Yes Yes Yes Yes - - -
46 HER2 Yes Yes No Yes - - - 98 TIMP-1 Yes Yes Yes Yes - - -
47 IL-4 Yes Yes No Yes - - - 99 TNF-RI Yes Yes Yes Yes - - -
48 KLK14 Yes Yes No Yes - - - 100 TNF-RII Yes Yes Yes Yes - - -
49 MIP-1α Yes Yes No Yes - - - 101 uPA Yes Yes Yes Yes - - -
50 MIP-1β Yes Yes No Yes - - - 102 VCAM-1 Yes Yes Yes Yes - → -
51 VEGFR3 Yes Yes No Yes - - - 103 VEGF-A Yes Yes Yes Yes - → -
52 ALDH1L1 Yes Yes Yes No - - -
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APPENDIXG

Comparison of microdialysis additives: Matrix effect of additives

This appendix is a supplementary material to chapter chapter 5 that describes the effect of additives
on the measurement of 94 proteins.
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LOD
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DextranLMW
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BSA:
Slope: 0.0179
Intercept: 2.38

R2: 0.003 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: -0.0735
Intercept: 1.7

R2: 0.43 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: -0.043
Intercept: 2.45

R2: 0.033 
Status: Below LOD
Recovery: NA %

Figure G.S1: Effect of additives on the measurement of AFP. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of AFP were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 389

6.
5

7.
0

7.
5

8.
0

8.
5

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on AHSG

6.
5

7.
0

7.
5

8.
0

8.
5

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: 0.0121
Intercept: 7.93
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Intercept: 7.71

R2: 0.16 
Status: Resolved
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Figure G.S2: Effect of additives on the measurement of AHSG. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of AHSG were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S3: Effect of additives on the measurement of ALDH1L1. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of ALDH1L1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 391

2.
0

2.
5

3.
0

3.
5

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on Amphiregulin

2.
0

2.
5

3.
0

3.
5

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.00716
Intercept: 2.42

R2: 0.0049 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: 0.0377
Intercept: 2.38

R2: 0.07 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: 0.0306
Intercept: 2.38

R2: 0.015 
Status: Below LOD
Recovery: NA %

Figure G.S4: Effect of additives on the measurement of Amphiregulin. pnCSF mixed 0-4 %
additives diluted in aCSF were measured using the ACM, in order to measure the possible inter-
ference of additives on the protein measurement (matrix effect). Linear regressions of measured
calibrated fluorescence values of Amphiregulin were used to calculate the recovery at concentra-
tions of additives used in cerebral microdialysis. a Data from the average of three independent
replicates is shown. b Median-based linear regressions from the data in a.
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Figure G.S5: Effect of additives on the measurement of Ang1. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of Ang1 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 393

2.
6

2.
7

2.
8

2.
9

3.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on Ang2

2.
6

2.
7

2.
8

2.
9

3.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.00477
Intercept: 2.73

R2: 0.0094 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: -0.0193
Intercept: 2.83

R2: 0.073 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: 0.0289
Intercept: 2.7

R2: 0.24 
Status: Below LOD
Recovery: NA %

Figure G.S6: Effect of additives on the measurement of Ang2. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of Ang2 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S7: Effect of additives on the measurement of BMP2. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of BMP2 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S8: Effect of additives on the measurement of β-NGF. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of β-NGF were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S9: Effect of additives on the measurement of BRAF. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of BRAF were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S10: Effect of additives on themeasurement ofCA15-3. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of CA15-3 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S11: Effect of additives on the measurement of CCL5. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of CCL5 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S12: Effect of additives on the measurement of CD14. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of CD14 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S13: Effect of additives on the measurement of CEA. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of CEA were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S14: Effect of additives on the measurement of c-Kit. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of c-Kit were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S15: Effect of additives on the measurement of CRP. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of CRP were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S16: Effect of additives on the measurement of CXCL12. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of CXCL12 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 404

2.
2

2.
4

2.
6

2.
8

3.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on E-cadherin

2.
2

2.
4

2.
6

2.
8

3.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.0431
Intercept: 2.64

R2: 0.2 
Status: Partially resolved
Recovery: 0.0 %

DextranLMW:
Slope: 0.0639
Intercept: 2.68

R2: 0.23 
Status: Resolved
Recovery: 145.5 %

DextranHMW:
Slope: 0.0338
Intercept: 2.58

R2: 0.09 
Status: Partially resolved
Recovery: 0.0 %

Figure G.S17: Effect of additives on the measurement of E-cadherin. pnCSF mixed 0-4 %
additives diluted in aCSF were measured using the ACM, in order to measure the possible inter-
ference of additives on the protein measurement (matrix effect). Linear regressions of measured
calibrated fluorescence values of E-cadherin were used to calculate the recovery at concentrations
of additives used in cerebral microdialysis. aData from the average of three independent replicates
is shown. b Median-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 405

-0
.2

0.
0

0.
2

0.
4

0.
6

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on EGF

-0
.2

0.
0

0.
2

0.
4

0.
6

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.00231
Intercept: 0.323

R2: 0.00075 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: 0.0321
Intercept: 0.322

R2: 0.041 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: -0.0122
Intercept: 0.403

R2: 0.0061 
Status: Below LOD
Recovery: NA %

Figure G.S18: Effect of additives on the measurement of EGF. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of EGF were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S19: Effect of additives on themeasurement of EGF-R. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of EGF-R were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S20: Effect of additives on the measurement of Endoglin. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of Endoglin were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S21: Effect of additives on the measurement of E-selectin. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of E-selectin were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S22: Effect of additives on the measurement of FAS-L. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of FAS-L were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S23: Effect of additives on the measurement of FGFb. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of FGFb were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S24: Effect of additives on the measurement of Flt-3. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of Flt-3 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 412

3.
0

3.
5

4.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on GFAP

3.
0

3.
5

4.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.00254
Intercept: 3.87

R2: 0.00017 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: 0.0204
Intercept: 3.82

R2: 0.03 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: 0.0198
Intercept: 3.73

R2: 0.038 
Status: Below LOD
Recovery: NA %

Figure G.S25: Effect of additives on the measurement of GFAP. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of GFAP were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 413

0.
9

1.
0

1.
1

1.
2

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on GM-CSF

0.
9

1.
0

1.
1

1.
2

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.00123
Intercept: 0.987

R2: 0.00074 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: -0.00368
Intercept: 1.11

R2: 0.0029 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: 0.0135
Intercept: 1.03

R2: 0.092 
Status: Below LOD
Recovery: NA %

Figure G.S26: Effect of additives on the measurement of GM-CSF. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of GM-CSF were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 414

-1
.6

-1
.4

-1
.2

-1
.0

-0
.8

-0
.6

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on GRO-α

-1
.6

-1
.4

-1
.2

-1
.0

-0
.8

-0
.6

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: 0.000309
Intercept: -1.35

R2: 1.3e-05 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: 0.000383
Intercept: -1.23

R2: 4.5e-06 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: 0.0225
Intercept: -1.34

R2: 0.072 
Status: Below LOD
Recovery: NA %

Figure G.S27: Effect of additives on themeasurement ofGRO-α. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of GRO-α were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S28: Effect of additives on the measurement of HAI-1. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of HAI-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S29: Effect of additives on the measurement of HE4. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of HE4 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S30: Effect of additives on the measurement of HER2. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of HER2 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S31: Effect of additives on the measurement of HER3. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of HER3 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S32: Effect of additives on the measurement of HGF. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of HGF were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S33: Effect of additives on themeasurement of HGF-R. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of HGF-R were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S34: Effect of additives on the measurement of HMGB1. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of HMGB1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S35: Effect of additives on the measurement of HP. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of HP were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S36: Effect of additives on the measurement of ICAM-1. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of ICAM-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S37: Effect of additives on the measurement of IFN-γ. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IFN-γ were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S38: Effect of additives on the measurement of IGFBP-1. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IGFBP-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S39: Effect of additives on the measurement of IGFBP-3. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IGFBP-3 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S40: Effect of additives on the measurement of IGFBP-7. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IGFBP-7 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S41: Effect of additives on the measurement of IL-10. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-10 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S42: Effect of additives on the measurement of IL-12. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-12 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S43: Effect of additives on the measurement of IL-15. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-15 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 431

2.
0

2.
5

3.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on IL-18

2.
0

2.
5

3.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: 0.0177
Intercept: 3.1

R2: 0.052 
Status: Resolved
Recovery: 103.4 %

DextranLMW:
Slope: -0.000207
Intercept: 3.08

R2: 3.5e-06 
Status: Resolved
Recovery: 100.0 %

DextranHMW:
Slope: 0.0624
Intercept: 2.76

R2: 0.17 
Status: Resolved
Recovery: 112.8 %

Figure G.S44: Effect of additives on the measurement of IL-18. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-18 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S45: Effect of additives on the measurement of IL-1β. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-1β were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 433

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on IL-1ra

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.0019
Intercept: 1.27

R2: 9e-04 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: -0.00539
Intercept: 1.3

R2: 0.0043 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: 0.0165
Intercept: 1.26

R2: 0.0021 
Status: Below LOD
Recovery: NA %

Figure G.S46: Effect of additives on the measurement of IL-1ra. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-1ra were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S47: Effect of additives on the measurement of IL-2. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-2 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S48: Effect of additives on the measurement of IL-3. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-3 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S49: Effect of additives on the measurement of IL-4. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-4 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S50: Effect of additives on the measurement of IL-5. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-5 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S51: Effect of additives on the measurement of IL-6. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-6 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S52: Effect of additives on the measurement of IL-7. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-7 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S53: Effect of additives on the measurement of IL-8. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IL-8 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S54: Effect of additives on the measurement of IP-10. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of IP-10 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S55: Effect of additives on the measurement of KLK8. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of KLK8 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S56: Effect of additives on the measurement of Leptin. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of Leptin were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S57: Effect of additives on the measurement of MCP1. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MCP1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S58: Effect of additives on the measurement of MCP2. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MCP2 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S59: Effect of additives on the measurement of MCP3. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MCP3 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S60: Effect of additives on themeasurement ofM-CSF. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of M-CSF were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S61: Effect of additives on the measurement of MIG. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MIG were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S62: Effect of additives on themeasurement ofMIP-1α. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MIP-1α were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S63: Effect of additives on themeasurement ofMIP-1β. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MIP-1β were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S64: Effect of additives on themeasurement ofMMP-1. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MMP-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S65: Effect of additives on themeasurement ofMMP-3. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MMP-3 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 453

-1
.0

-0
.5

0.
0

0.
5

1.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on MMP-9

-1
.0

-0
.5

0.
0

0.
5

1.
0

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: 0.0477
Intercept: -0.0711

R2: 0.12 
Status: Resolved
Recovery: 111.5 %

DextranLMW:
Slope: 0.101
Intercept: -0.189

R2: 0.26 
Status: Resolved
Recovery: 122.8 %

DextranHMW:
Slope: -0.116
Intercept: -0.0277

R2: 0.42 
Status: Resolved
Recovery: 76.6 %

Figure G.S66: Effect of additives on themeasurement ofMMP-9. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of MMP-9 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S67: Effect of additives on the measurement of NCAM-1. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of NCAM-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S68: Effect of additives on the measurement of NT-3. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of NT-3 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S69: Effect of additives on the measurement of OPN. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of OPN were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S70: Effect of additives on the measurement of PAI-1. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of PAI-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S71: Effect of additives on the measurement of PDGF-BB. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of PDGF-BB were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S72: Effect of additives on the measurement of PRL. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of PRL were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S73: Effect of additives on the measurement of PSA. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of PSA were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S74: Effect of additives on the measurement of RBP4. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of RBP4 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S75: Effect of additives on the measurement of S100B. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of S100B were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S76: Effect of additives on the measurement of SCGN. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of SCGN were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S77: Effect of additives on themeasurement of SPARC. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of SPARC were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 465

5.
5

6.
0

6.
5

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on TF

5.
5

6.
0

6.
5

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.0321
Intercept: 5.73

R2: 0.029 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: 0.00746
Intercept: 5.76

R2: 0.00057 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: -0.0221
Intercept: 5.81

R2: 0.012 
Status: Below LOD
Recovery: NA %

Figure G.S78: Effect of additives on the measurement of TF. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of TF were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S79: Effect of additives on themeasurement of TGF-α. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of TGF-α were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S80: Effect of additives on the measurement of TGF-β RII. pnCSF mixed 0-4 %
additives diluted in aCSF were measured using the ACM, in order to measure the possible inter-
ference of additives on the protein measurement (matrix effect). Linear regressions of measured
calibrated fluorescence values of TGF-β RII were used to calculate the recovery at concentrations
of additives used in cerebral microdialysis. aData from the average of three independent replicates
is shown. b Median-based linear regressions from the data in a.
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Figure G.S81: Effect of additives on the measurement of TGF-β1. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of TGF-β1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S82: Effect of additives on the measurement of THBS-1. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of THBS-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S83: Effect of additives on the measurement of Tie-2. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of Tie-2 were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S84: Effect of additives on themeasurement ofTIMP-1. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of TIMP-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S85: Effect of additives on themeasurement of TNF-α. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of TNF-α were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S86: Effect of additives on themeasurement of TNF-RI. pnCSFmixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of TNF-RI were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S87: Effect of additives on the measurement of TNF-RII. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of TNF-RII were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.



Appendix G. Comparison of microdialysis additives: Matrix effect of additives 475

0.
4

0.
6

0.
8

1.
0

1.
2

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Data curvesa
Matrix effect of additives on uPA

0.
4

0.
6

0.
8

1.
0

1.
2

0 0.25 0.5 1 1.5 2 2.5 3 3.5 4
Additive Concentration (%)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Linear fitsb

LOD

Blanks mean

pnCSF

aCSF

BSA

DextranLMW

DextranHMW

BSA:
Slope: -0.00591
Intercept: 0.853

R2: 0.0046 
Status: Below LOD
Recovery: NA %

DextranLMW:
Slope: 0.00905
Intercept: 0.805

R2: 0.003 
Status: Below LOD
Recovery: NA %

DextranHMW:
Slope: 0.0692
Intercept: 0.636

R2: 0.21 
Status: Partially resolved
Recovery: NA %

Figure G.S88: Effect of additives on the measurement of uPA. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of uPA were used to calculate the recovery at concentrations of additives used
in cerebral microdialysis. a Data from the average of three independent replicates is shown. b
Median-based linear regressions from the data in a.
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Figure G.S89: Effect of additives on the measurement of uPA-R. pnCSF mixed 0-4 % additives
diluted in aCSF were measured using the ACM, in order to measure the possible interference of
additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of uPA-R were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S90: Effect of additives on the measurement of VCAM-1. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of VCAM-1 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S91: Effect of additives on the measurement of VEGF-A. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of VEGF-A were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S92: Effect of additives on the measurement of VEGF-D. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of VEGF-D were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S93: Effect of additives on the measurement of VEGFR2. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of VEGFR2 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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Figure G.S94: Effect of additives on the measurement of VEGFR3. pnCSF mixed 0-4 % addi-
tives diluted in aCSF were measured using the ACM, in order to measure the possible interference
of additives on the protein measurement (matrix effect). Linear regressions of measured calibrated
fluorescence values of VEGFR3 were used to calculate the recovery at concentrations of additives
used in cerebral microdialysis. a Data from the average of three independent replicates is shown.
bMedian-based linear regressions from the data in a.
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APPENDIXH

Comparison of microdialysis additives: Effect on U87 cells

This appendix is a supplementary material to chapter chapter 5 that describes the effect of additives
on the measurement of 94 proteins in human microglial (U87) cell cultures.
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Effect of additives on protein measurements in U87 cell cultures

Electronic Supplementary Material
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Figure H.S1: Effect of additives on levels of AFP in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for AFP from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S2: Effect of additives on levels of AFP in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares AFP values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S3: Effect of additives on levels of AHSG in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for AHSG from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S4: Effect of additives on levels of AHSG in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares AHSG values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S5: Effect of additives on levels of ALDH1L1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for ALDH1L1 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S6: Effect of additives on levels of ALDH1L1 in U87 cell cultures media. Additives
along with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in
triplicate wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of
proteins measured in the cell media. Media was collected and frozen from successive triplicates
at different intervals, then analyzed with the ACM. Each graph compares ALDH1L1 values from
cells incubated with a different additive to cells not incubated with additives located in the same
24-well plate. Plates in c and e did not contain any U87 cells, and c also did not have controls on
the plate.



Appendix H. Comparison of microdialysis additives: Effect on U87 cells 490

2.
0

2.
2

2.
4

2.
6

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Additivesa
Effect of additives on levels of Amphiregulin in U87 cell cultures media

2.
0

2.
2

2.
4

2.
6

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Plate Controlsb

Additives
None:
Slope: 0.00106
Intercept: 2.28
R2: 0.031 
Status: Below LOD
Increase: NA %

Blood:
Slope: -0.0023
Intercept: 2.44
R2: 0.88 
Status: Below LOD
Increase: NA %

BloodCTRL:
Slope: 0.00267
Intercept: 2.44
R2: 0.55 
Status: Below LOD
Increase: NA %

BSA:
Slope: 0.000411
Intercept: 2.31
R2: 0.024 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.000415
Intercept: 2.32
R2: 0.063 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: -0.00131
Intercept: 2.34
R2: 0.3 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: 0.00173
Intercept: 2.36
R2: 0.36 
Status: Below LOD
Increase: NA %

LPS:
Slope: -0.000802
Intercept: 2.38
R2: 0.31 
Status: Below LOD
Increase: NA %

LOD

Blanks mean
pnCSF

None

Blood
BloodCTRL

BSA
BSACTRL

DextranLMW

DextranHMW

LPS

Plate control
None:
Slope: -0.00307
Intercept: 2.3
R2: 0.094 
Status: Below LOD
Increase: NA %

Blood:
Slope: -0.00323
Intercept: 2.47
R2: 0.16 
Status: Below LOD
Increase: NA %

BloodCTRL:
NA

BSA:
Slope: 0.00701
Intercept: 2.09
R2: 0.37 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.00695
Intercept: 2.41
R2: 0.55 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: 0.00151
Intercept: 2.34
R2: 0.38 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: -0.00551
Intercept: 2.46
R2: 0.98 
Status: Below LOD
Increase: NA %

LPS:
Slope: 0.00216
Intercept: 2.37
R2: 0.55 
Status: Below LOD
Increase: NA %

Figure H.S7: Effect of additives on levels of Amphiregulin in U87 cell cultures media. Addi-
tives along with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in
triplicate wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of
proteins measured in the cell media. Media was collected and frozen from successive triplicates
at different intervals, then analyzed with the ACM. a Average values for Amphiregulin from three
replicates for each point in every 24-well plate where a different additive was applied. b Data from
the control cell media in each plate.
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Figure H.S8: Effect of additives on levels of Amphiregulin in U87 cell cultures media. Addi-
tives along with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in
triplicate wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of
proteins measured in the cell media. Media was collected and frozen from successive triplicates at
different intervals, then analyzed with the ACM. Each graph compares Amphiregulin values from
cells incubated with a different additive to cells not incubated with additives located in the same
24-well plate. Plates in c and e did not contain any U87 cells, and c also did not have controls on
the plate.
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Figure H.S9: Effect of additives on levels of Ang1 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for Ang1 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S10: Effect of additives on levels of Ang1 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares Ang1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S11: Effect of additives on levels of Ang2 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for Ang2 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S12: Effect of additives on levels of Ang2 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares Ang2 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S13: Effect of additives on levels of BMP2 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for BMP2 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S14: Effect of additives on levels of BMP2 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares BMP2 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S15: Effect of additives on levels of β-NGF in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for β-NGF from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S16: Effect of additives on levels of β-NGF in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares β-NGF values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S17: Effect of additives on levels of BRAF inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for BRAF from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S18: Effect of additives on levels of BRAF inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares BRAF values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S19: Effect of additives on levels of CA15-3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. aAverage values for CA15-3 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S20: Effect of additives on levels of CA15-3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares CA15-3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S21: Effect of additives on levels of CCL5 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for CCL5 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S22: Effect of additives on levels of CCL5 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares CCL5 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S23: Effect of additives on levels of CD14 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for CD14 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S24: Effect of additives on levels of CD14 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares CD14 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S25: Effect of additives on levels of CEA in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for CEA from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S26: Effect of additives on levels of CEA in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares CEA values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S27: Effect of additives on levels of c-Kit in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for c-Kit from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S28: Effect of additives on levels of c-Kit in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares c-Kit values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S29: Effect of additives on levels of CRP in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for CRP from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S30: Effect of additives on levels of CRP in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares CRP values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S31: Effect of additives on levels of CXCL12 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for CXCL12 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S32: Effect of additives on levels of CXCL12 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares CXCL12 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S33: Effect of additives on levels of E-cadherin in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for E-cadherin from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S34: Effect of additives on levels of E-cadherin in U87 cell cultures media. Additives
along with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in
triplicate wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of
proteins measured in the cell media. Media was collected and frozen from successive triplicates
at different intervals, then analyzed with the ACM. Each graph compares E-cadherin values from
cells incubated with a different additive to cells not incubated with additives located in the same
24-well plate. Plates in c and e did not contain any U87 cells, and c also did not have controls on
the plate.
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Figure H.S35: Effect of additives on levels of EGF in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for EGF from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S36: Effect of additives on levels of EGF in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares EGF values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.



Appendix H. Comparison of microdialysis additives: Effect on U87 cells 520

-0
.5

0.
0

0.
5

1.
0

1.
5

2.
0

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Additivesa
Effect of additives on levels of EGF-R in U87 cell cultures media

-0
.5

0.
0

0.
5

1.
0

1.
5

2.
0

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Plate Controlsb

Additives
None:
Slope: 0.00314
Intercept: -0.164
R2: 0.68 
Status: Below LOD
Increase: NA %

Blood:
Slope: 3.74e-05
Intercept: 1.85
R2: 2e-05 
Status: Resolved
Increase: 0.071 %

BloodCTRL:
Slope: 0.00211
Intercept: 1.72
R2: 0.044 
Status: Resolved
Increase: 4.0 %

BSA:
Slope: 0.00256
Intercept: -0.0349
R2: 0.58 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: 0.00229
Intercept: 0.0623
R2: 0.24 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: 0.00127
Intercept: 0.052
R2: 0.065 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: -0.000215
Intercept: 0.0379
R2: 0.013 
Status: Below LOD
Increase: NA %

LPS:
Slope: -0.000226
Intercept: -0.128
R2: 0.03 
Status: Below LOD
Increase: NA %

LOD

Blanks mean
pnCSF

None

Blood
BloodCTRL

BSA
BSACTRL

DextranLMW

DextranHMW

LPS

Plate control
None:
Slope: -0.00712
Intercept: 0.0758
R2: 0.47 
Status: Below LOD
Increase: NA %

Blood:
Slope: -0.00228
Intercept: 0.0899
R2: 0.069 
Status: Below LOD
Increase: NA %

BloodCTRL:
NA

BSA:
Slope: 0.00193
Intercept: -0.162
R2: 0.12 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.00404
Intercept: -0.0167
R2: 0.16 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: 0.00171
Intercept: -0.0757
R2: 0.2 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: -0.00924
Intercept: 0.0565
R2: 0.55 
Status: Below LOD
Increase: NA %

LPS:
Slope: 0.00173
Intercept: -0.179
R2: 0.07 
Status: Below LOD
Increase: NA %

Figure H.S37: Effect of additives on levels of EGF-R in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for EGF-R from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S38: Effect of additives on levels of EGF-R in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares EGF-R values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S39: Effect of additives on levels of Endoglin in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for Endoglin from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S40: Effect of additives on levels of Endoglin in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares Endoglin values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S41: Effect of additives on levels of E-selectin in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for E-selectin from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S42: Effect of additives on levels of E-selectin in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzedwith theACM. Each graph compares E-selectin values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S43: Effect of additives on levels of FAS-L in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for FAS-L from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S44: Effect of additives on levels of FAS-L in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares FAS-L values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S45: Effect of additives on levels of FGFb in U87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for FGFb from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S46: Effect of additives on levels of FGFb in U87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares FGFb values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S47: Effect of additives on levels of Flt-3 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for Flt-3 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S48: Effect of additives on levels of Flt-3 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares Flt-3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S49: Effect of additives on levels of GFAP inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for GFAP from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S50: Effect of additives on levels of GFAP inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares GFAP values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.



Appendix H. Comparison of microdialysis additives: Effect on U87 cells 534

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Additivesa
Effect of additives on levels of GM-CSF in U87 cell cultures media

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Plate Controlsb

Additives
None:
Slope: 7.71e-05
Intercept: 0.977
R2: 0.061 
Status: Below LOD
Increase: NA %

Blood:
Slope: -0.000357
Intercept: 0.999
R2: 0.019 
Status: Below LOD
Increase: NA %

BloodCTRL:
Slope: 0.000622
Intercept: 1.14
R2: 0.32 
Status: Below LOD
Increase: NA %

BSA:
Slope: 0.000878
Intercept: 0.976
R2: 0.26 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.000343
Intercept: 1.1
R2: 0.03 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: -0.00119
Intercept: 1.06
R2: 0.48 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: 0.000173
Intercept: 1.01
R2: 0.079 
Status: Below LOD
Increase: NA %

LPS:
Slope: -0.00178
Intercept: 1.03
R2: 0.48 
Status: Below LOD
Increase: NA %

LOD

Blanks mean
pnCSF

None

Blood
BloodCTRL

BSA
BSACTRL

DextranLMW

DextranHMW

LPS

Plate control
None:
Slope: -0.00167
Intercept: 1.0
R2: 0.24 
Status: Below LOD
Increase: NA %

Blood:
Slope: 0.00254
Intercept: 0.913
R2: 0.54 
Status: Below LOD
Increase: NA %

BloodCTRL:
NA

BSA:
Slope: 0.000667
Intercept: 0.999
R2: 0.19 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.000847
Intercept: 1.14
R2: 0.1 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: 0.00829
Intercept: 0.931
R2: 0.73 
Status: Partially resolved
Increase: 27.9 %

DextranHMW:
Slope: -0.00158
Intercept: 1.03
R2: 0.27 
Status: Below LOD
Increase: NA %

LPS:
Slope: -0.00189
Intercept: 1.02
R2: 0.57 
Status: Below LOD
Increase: NA %

Figure H.S51: Effect of additives on levels of GM-CSF in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for GM-CSF from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S52: Effect of additives on levels of GM-CSF in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares GM-CSF values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S53: Effect of additives on levels of GRO-α in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for GRO-α from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S54: Effect of additives on levels of GRO-α in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares GRO-α values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.



Appendix H. Comparison of microdialysis additives: Effect on U87 cells 538

2.
0

2.
1

2.
2

2.
3

2.
4

2.
5

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Additivesa
Effect of additives on levels of HAI-1 in U87 cell cultures media

2.
0

2.
1

2.
2

2.
3

2.
4

2.
5

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Plate Controlsb

Additives
None:
Slope: -0.000237
Intercept: 2.26
R2: 0.0082 
Status: Below LOD
Increase: NA %

Blood:
Slope: -0.00471
Intercept: 2.31
R2: 0.91 
Status: Below LOD
Increase: NA %

BloodCTRL:
Slope: 0.00294
Intercept: 2.28
R2: 0.56 
Status: Below LOD
Increase: NA %

BSA:
Slope: 0.00101
Intercept: 2.25
R2: 0.7 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: 0.000896
Intercept: 2.28
R2: 0.15 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: -0.000882
Intercept: 2.33
R2: 0.4 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: 0.00132
Intercept: 2.33
R2: 0.55 
Status: Below LOD
Increase: NA %

LPS:
Slope: -0.000236
Intercept: 2.34
R2: 0.024 
Status: Below LOD
Increase: NA %

LOD

Blanks mean
pnCSF

None

Blood
BloodCTRL

BSA
BSACTRL

DextranLMW

DextranHMW

LPS

Plate control
None:
Slope: -0.0041
Intercept: 2.35
R2: 0.89 
Status: Below LOD
Increase: NA %

Blood:
Slope: 0.00622
Intercept: 2.03
R2: 0.67 
Status: Below LOD
Increase: NA %

BloodCTRL:
NA

BSA:
Slope: 0.00164
Intercept: 2.23
R2: 0.17 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.000201
Intercept: 2.27
R2: 0.00095 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: 0.00228
Intercept: 2.32
R2: 0.33 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: 0.00215
Intercept: 2.33
R2: 0.52 
Status: Below LOD
Increase: NA %

LPS:
Slope: -0.00129
Intercept: 2.36
R2: 0.071 
Status: Below LOD
Increase: NA %

Figure H.S55: Effect of additives on levels ofHAI-1 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for HAI-1 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S56: Effect of additives on levels ofHAI-1 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares HAI-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S57: Effect of additives on levels of HE4 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for HE4 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S58: Effect of additives on levels of HE4 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares HE4 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S59: Effect of additives on levels of HER2 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for HER2 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S60: Effect of additives on levels of HER2 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares HER2 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S61: Effect of additives on levels of HER3 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for HER3 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S62: Effect of additives on levels of HER3 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares HER3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S63: Effect of additives on levels of HGF in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for HGF from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S64: Effect of additives on levels of HGF in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares HGF values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S65: Effect of additives on levels of HGF-R in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for HGF-R from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S66: Effect of additives on levels of HGF-R in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares HGF-R values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S67: Effect of additives on levels of HMGB1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for HMGB1 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S68: Effect of additives on levels of HMGB1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares HMGB1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S69: Effect of additives on levels of HP in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for HP from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S70: Effect of additives on levels of HP in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares HP values from cells incubated with
a different additive to cells not incubated with additives located in the same 24-well plate. Plates
in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S71: Effect of additives on levels of ICAM-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for ICAM-1 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S72: Effect of additives on levels of ICAM-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares ICAM-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S73: Effect of additives on levels of IFN-γ in U87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IFN-γ from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S74: Effect of additives on levels of IFN-γ in U87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IFN-γ values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S75: Effect of additives on levels of IGFBP-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IGFBP-1 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S76: Effect of additives on levels of IGFBP-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IGFBP-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S77: Effect of additives on levels of IGFBP-3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IGFBP-3 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S78: Effect of additives on levels of IGFBP-3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IGFBP-3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.



Appendix H. Comparison of microdialysis additives: Effect on U87 cells 562

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Additivesa
Effect of additives on levels of IGFBP-7 in U87 cell cultures media

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Plate Controlsb

Additives
None:
Slope: 0.0264
Intercept: 2.96
R2: 0.76 
Status: Resolved
Increase: 41.5 %

Blood:
Slope: 0.00725
Intercept: 4.42
R2: 0.75 
Status: Resolved
Increase: 11.4 %

BloodCTRL:
Slope: 0.00144
Intercept: 4.03
R2: 0.024 
Status: Resolved
Increase: 2.3 %

BSA:
Slope: 0.028
Intercept: 3.19
R2: 0.65 
Status: Resolved
Increase: 44.1 %

BSACTRL:
Slope: 0.0276
Intercept: 2.51
R2: 0.95 
Status: Partially resolved
Increase: 37.8 %

DextranLMW:
Slope: 0.0314
Intercept: 3.16
R2: 0.82 
Status: Resolved
Increase: 49.3 %

DextranHMW:
Slope: 0.0329
Intercept: 3.48
R2: 0.71 
Status: Resolved
Increase: 51.8 %

LPS:
Slope: 0.0234
Intercept: 2.66
R2: 0.82 
Status: Partially resolved
Increase: 36.0 %

LOD

Blanks mean
pnCSF

None

Blood
BloodCTRL

BSA
BSACTRL

DextranLMW

DextranHMW

LPS

Plate control
None:
Slope: 0.0228
Intercept: 3.02
R2: 0.85 
Status: Resolved
Increase: 35.8 %

Blood:
Slope: 0.0219
Intercept: 2.74
R2: 0.91 
Status: Resolved
Increase: 34.4 %

BloodCTRL:
NA

BSA:
Slope: 0.0296
Intercept: 3.1
R2: 0.72 
Status: Resolved
Increase: 46.6 %

BSACTRL:
Slope: -0.000519
Intercept: 2.36
R2: 0.031 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: 0.028
Intercept: 3.09
R2: 0.73 
Status: Resolved
Increase: 44.0 %

DextranHMW:
Slope: 0.025
Intercept: 3.23
R2: 0.61 
Status: Resolved
Increase: 39.4 %

LPS:
Slope: 0.0217
Intercept: 2.69
R2: 0.77 
Status: Resolved
Increase: 34.2 %

Figure H.S79: Effect of additives on levels of IGFBP-7 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IGFBP-7 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S80: Effect of additives on levels of IGFBP-7 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IGFBP-7 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S81: Effect of additives on levels of IL-10 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-10 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S82: Effect of additives on levels of IL-10 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-10 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S83: Effect of additives on levels of IL-12 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-12 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S84: Effect of additives on levels of IL-12 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-12 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S85: Effect of additives on levels of IL-15 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-15 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S86: Effect of additives on levels of IL-15 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-15 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S87: Effect of additives on levels of IL-18 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-18 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S88: Effect of additives on levels of IL-18 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-18 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S89: Effect of additives on levels of IL-1β in U87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-1β from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S90: Effect of additives on levels of IL-1β in U87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-1β values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S91: Effect of additives on levels of IL-1ra in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-1ra from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S92: Effect of additives on levels of IL-1ra in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-1ra values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S93: Effect of additives on levels of IL-2 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-2 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S94: Effect of additives on levels of IL-2 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-2 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S95: Effect of additives on levels of IL-3 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-3 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S96: Effect of additives on levels of IL-3 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S97: Effect of additives on levels of IL-4 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-4 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S98: Effect of additives on levels of IL-4 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-4 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S99: Effect of additives on levels of IL-5 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-5 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S100: Effect of additives on levels of IL-5 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-5 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S101: Effect of additives on levels of IL-6 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-6 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S102: Effect of additives on levels of IL-6 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-6 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S103: Effect of additives on levels of IL-7 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-7 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S104: Effect of additives on levels of IL-7 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-7 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S105: Effect of additives on levels of IL-8 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IL-8 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S106: Effect of additives on levels of IL-8 in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IL-8 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S107: Effect of additives on levels of IP-10 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for IP-10 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S108: Effect of additives on levels of IP-10 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares IP-10 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.



Appendix H. Comparison of microdialysis additives: Effect on U87 cells 592

2.
6

2.
7

2.
8

2.
9

3.
0

3.
1

3.
2

3.
3

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Additivesa
Effect of additives on levels of KLK8 in U87 cell cultures media

2.
6

2.
7

2.
8

2.
9

3.
0

3.
1

3.
2

3.
3

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Plate Controlsb

Additives
None:
Slope: -0.0027
Intercept: 3.0
R2: 0.45 
Status: Below LOD
Increase: NA %

Blood:
Slope: 5.05e-05
Intercept: 2.78
R2: 0.00058 
Status: Below LOD
Increase: NA %

BloodCTRL:
Slope: -0.000422
Intercept: 2.91
R2: 0.0099 
Status: Below LOD
Increase: NA %

BSA:
Slope: -9.68e-05
Intercept: 2.86
R2: 9e-04 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.00153
Intercept: 2.99
R2: 0.037 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: -0.00129
Intercept: 3.0
R2: 0.47 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: 0.0019
Intercept: 3.0
R2: 0.75 
Status: Below LOD
Increase: NA %

LPS:
Slope: 0.00235
Intercept: 2.84
R2: 0.57 
Status: Below LOD
Increase: NA %

LOD

Blanks mean
pnCSF

None

Blood
BloodCTRL

BSA
BSACTRL

DextranLMW

DextranHMW

LPS

Plate control
None:
Slope: -0.00298
Intercept: 2.95
R2: 0.19 
Status: Below LOD
Increase: NA %

Blood:
Slope: 0.00182
Intercept: 2.78
R2: 0.27 
Status: Below LOD
Increase: NA %

BloodCTRL:
NA

BSA:
Slope: 0.00555
Intercept: 2.84
R2: 0.29 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: 0.00157
Intercept: 2.8
R2: 0.036 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: 0.00431
Intercept: 2.94
R2: 0.55 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: 0.000644
Intercept: 3.06
R2: 0.014 
Status: Below LOD
Increase: NA %

LPS:
Slope: 0.0011
Intercept: 2.88
R2: 0.023 
Status: Below LOD
Increase: NA %

Figure H.S109: Effect of additives on levels of KLK8 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for KLK8 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S110: Effect of additives on levels of KLK8 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares KLK8 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S111: Effect of additives on levels of Leptin in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for Leptin from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S112: Effect of additives on levels of Leptin in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares Leptin values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S113: Effect of additives on levels of MCP1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for MCP1 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S114: Effect of additives on levels of MCP1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MCP1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S115: Effect of additives on levels of MCP2 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for MCP2 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S116: Effect of additives on levels of MCP2 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MCP2 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S117: Effect of additives on levels of MCP3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for MCP3 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S118: Effect of additives on levels of MCP3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MCP3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S119: Effect of additives on levels of M-CSF in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for M-CSF from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S120: Effect of additives on levels of M-CSF in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares M-CSF values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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R2: 0.53 
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Increase: NA %
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Figure H.S121: Effect of additives on levels ofMIG inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for MIG from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S122: Effect of additives on levels ofMIG inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MIG values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Increase: 14.4 %

BloodCTRL:
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BSA:
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Increase: 12.9 %
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Slope: -0.00919
Intercept: 3.87
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Increase: NA %
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Figure H.S123: Effect of additives on levels of MIP-1α in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. aAverage values for MIP-1α from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S124: Effect of additives on levels of MIP-1α in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MIP-1α values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S125: Effect of additives on levels of MIP-1β in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for MIP-1β from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S126: Effect of additives on levels of MIP-1β in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MIP-1β values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S127: Effect of additives on levels of MMP-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for MMP-1 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S128: Effect of additives on levels of MMP-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MMP-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S129: Effect of additives on levels of MMP-3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for MMP-3 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S130: Effect of additives on levels of MMP-3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MMP-3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S131: Effect of additives on levels of MMP-9 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for MMP-9 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S132: Effect of additives on levels of MMP-9 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares MMP-9 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S133: Effect of additives on levels of NCAM-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for NCAM-1 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S134: Effect of additives on levels of NCAM-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares NCAM-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S135: Effect of additives on levels of NT-3 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for NT-3 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S136: Effect of additives on levels of NT-3 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares NT-3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S137: Effect of additives on levels of OPN inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for OPN from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S138: Effect of additives on levels of OPN inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares OPN values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S139: Effect of additives on levels of PAI-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for PAI-1 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S140: Effect of additives on levels of PAI-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares PAI-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S141: Effect of additives on levels of PDGF-BB in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for PDGF-BB from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S142: Effect of additives on levels of PDGF-BB in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzedwith theACM.Each graph compares PDGF-BBvalues fromcells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.



Appendix H. Comparison of microdialysis additives: Effect on U87 cells 626

-2
.0

-1
.5

-1
.0

-0
.5

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Additivesa
Effect of additives on levels of PRL in U87 cell cultures media

-2
.0

-1
.5

-1
.0

-0
.5

2 6 12 24 48
Time of incubation (hours)

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

Plate Controlsb

Additives
None:
Slope: -0.0015
Intercept: -1.67
R2: 0.63 
Status: Below LOD
Increase: NA %

Blood:
Slope: -0.00148
Intercept: -1.66
R2: 0.25 
Status: Below LOD
Increase: NA %

BloodCTRL:
Slope: 0.00118
Intercept: -1.44
R2: 0.11 
Status: Below LOD
Increase: NA %

BSA:
Slope: -0.00133
Intercept: -1.61
R2: 0.39 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.0031
Intercept: -1.35
R2: 0.096 
Status: Below LOD
Increase: NA %

DextranLMW:
Slope: -0.000296
Intercept: -1.57
R2: 0.035 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: 0.0018
Intercept: -1.66
R2: 0.67 
Status: Below LOD
Increase: NA %

LPS:
Slope: 0.000778
Intercept: -1.72
R2: 0.07 
Status: Below LOD
Increase: NA %

LOD

Blanks mean
pnCSF

None

Blood
BloodCTRL

BSA
BSACTRL

DextranLMW

DextranHMW

LPS

Plate control
None:
Slope: -0.00157
Intercept: -1.66
R2: 0.16 
Status: Below LOD
Increase: NA %

Blood:
Slope: 0.00271
Intercept: -1.75
R2: 0.51 
Status: Below LOD
Increase: NA %

BloodCTRL:
NA

BSA:
Slope: 0.0039
Intercept: -1.66
R2: 0.36 
Status: Below LOD
Increase: NA %

BSACTRL:
Slope: -0.00329
Intercept: -1.09
R2: 0.019 
Status: Partially resolved
Increase: -10.9 %

DextranLMW:
Slope: 0.00436
Intercept: -1.58
R2: 0.35 
Status: Below LOD
Increase: NA %

DextranHMW:
Slope: 0.00444
Intercept: -1.72
R2: 0.28 
Status: Below LOD
Increase: NA %

LPS:
Slope: -0.00119
Intercept: -1.68
R2: 0.042 
Status: Below LOD
Increase: NA %

Figure H.S143: Effect of additives on levels of PRL in U87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for PRL from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S144: Effect of additives on levels of PRL in U87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares PRL values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S145: Effect of additives on levels of PSA in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for PSA from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S146: Effect of additives on levels of PSA in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares PSA values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S147: Effect of additives on levels of RBP4 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for RBP4 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S148: Effect of additives on levels of RBP4 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares RBP4 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S149: Effect of additives on levels of S100B in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for S100B from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S150: Effect of additives on levels of S100B in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares S100B values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S151: Effect of additives on levels of SCGN in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for SCGN from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S152: Effect of additives on levels of SCGN in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares SCGN values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S153: Effect of additives on levels of SPARC in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for SPARC from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S154: Effect of additives on levels of SPARC in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares SPARC values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S155: Effect of additives on levels of TF in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. aAverage values for TF from three replicates for each point
in every 24-well plate where a different additive was applied. b Data from the control cell media
in each plate.
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Figure H.S156: Effect of additives on levels of TF in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares TF values from cells incubated with
a different additive to cells not incubated with additives located in the same 24-well plate. Plates
in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S157: Effect of additives on levels of TGF-α in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for TGF-α from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S158: Effect of additives on levels of TGF-α in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares TGF-α values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S159: Effect of additives on levels of TGF-βRII inU87 cell culturesmedia. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for TGF-β RII from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S160: Effect of additives on levels of TGF-βRII inU87 cell culturesmedia. Additives
along with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in
triplicate wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of
proteins measured in the cell media. Media was collected and frozen from successive triplicates
at different intervals, then analyzed with the ACM. Each graph compares TGF-β RII values from
cells incubated with a different additive to cells not incubated with additives located in the same
24-well plate. Plates in c and e did not contain any U87 cells, and c also did not have controls on
the plate.
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Figure H.S161: Effect of additives on levels of TGF-β1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. aAverage values for TGF-β1 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S162: Effect of additives on levels of TGF-β1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares TGF-β1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S163: Effect of additives on levels of THBS-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. aAverage values for THBS-1 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S164: Effect of additives on levels of THBS-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares THBS-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S165: Effect of additives on levels of Tie-2 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for Tie-2 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S166: Effect of additives on levels of Tie-2 inU87 cell culturesmedia. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares Tie-2 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S167: Effect of additives on levels of TIMP-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for TIMP-1 from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S168: Effect of additives on levels of TIMP-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares TIMP-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S169: Effect of additives on levels of TNF-α in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for TNF-α from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S170: Effect of additives on levels of TNF-α in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares TNF-α values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S171: Effect of additives on levels of TNF-RI in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. aAverage values for TNF-RI from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S172: Effect of additives on levels of TNF-RI in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares TNF-RI values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S173: Effect of additives on levels of TNF-RII in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for TNF-RII from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S174: Effect of additives on levels of TNF-RII in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares TNF-RII values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S175: Effect of additives on levels of uPA in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for uPA from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S176: Effect of additives on levels of uPA in U87 cell cultures media. Additives along
with fresh blood and LPS were added to mycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares uPA values from cells incubated with
a different additive to cells not incubated with additives located in the same 24-well plate. Plates
in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S177: Effect of additives on levels of uPA-R in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for uPA-R from three replicates for each
point in every 24-well plate where a different additive was applied. b Data from the control cell
media in each plate.
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Figure H.S178: Effect of additives on levels of uPA-R in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares uPA-R values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S179: Effect of additives on levels of VCAM-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for VCAM-1 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S180: Effect of additives on levels of VCAM-1 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares VCAM-1 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S181: Effect of additives on levels of VEGF-A in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for VEGF-A from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S182: Effect of additives on levels of VEGF-A in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares VEGF-A values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S183: Effect of additives on levels of VEGF-D in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for VEGF-D from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S184: Effect of additives on levels of VEGF-D in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares VEGF-D values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S185: Effect of additives on levels of VEGFR2 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for VEGFR2 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S186: Effect of additives on levels of VEGFR2 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares VEGFR2 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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Figure H.S187: Effect of additives on levels of VEGFR3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. a Average values for VEGFR3 from three replicates for
each point in every 24-well plate where a different additive was applied. b Data from the control
cell media in each plate.
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Figure H.S188: Effect of additives on levels of VEGFR3 in U87 cell cultures media. Additives
alongwith fresh blood and LPSwere added tomycoplasma-free human glial (U87) cells in triplicate
wells of a 24-well plate and incubated for up to 48 h to measure the effect on levels of proteins
measured in the cell media. Media was collected and frozen from successive triplicates at different
intervals, then analyzed with the ACM. Each graph compares VEGFR3 values from cells incubated
with a different additive to cells not incubated with additives located in the same 24-well plate.
Plates in c and e did not contain any U87 cells, and c also did not have controls on the plate.
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APPENDIX I

Potential biomarkers in TBI patients: Effect of pre-analytical
variables

This appendix is a supplementary material to chapter chapter 6 that describes the pre-analytical
effects on the initial measurement of proteins as well as their stability during a 2 h pre-centrifugation
wait.
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Effect of pre-processing storage temperature on protein measurements
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Effect of pre-analytical variables on AFP
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Figure I.S1: Effect of blood collection tube on AFP stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of AFPmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S2: Effect of pre-processing storage temperature onAFP stability and concentration.
Initial measured value and stability of AFP when stored at 25 ◦C (a, e) and 4 ◦C (b, f) before
processing when collected in different tube types. The measured values are shown at low dilution
of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as an increase
or decrease compared to the measurement range and is shown for low (c) and high (g) dilutions.
Initial value is expressed as a portion of the measurement range when the linear regression is
extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The pink box in
graphs d and h indicate the region that is included by the mean ± SD of all the initial values and
gives an indication of outliers when values lie outside this region. Red and purple bars in c-d, g-h
are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on AHSG
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Figure I.S3: Effect of blood collection tube on AHSG stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of AHSG measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S4: Effect of pre-processing storage temperature on AHSG stability and concen-
tration. Initial measured value and stability of AHSG when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on ALDH1L1
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Figure I.S5: Effect of blood collection tube on ALDH1L1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of ALDH1L1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on ALDH1L1
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Figure I.S6: Effect of pre-processing storage temperature on ALDH1L1 stability and con-
centration. Initial measured value and stability of ALDH1L1 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on Amphiregulin
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Figure I.S7: Effect of blood collection tube on Amphiregulin stability and concentration.
Effects of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD),
storage temperature and time before processing, and post-processing plasma filtering (e, g) on the
initial value and pre-processing time stability ofAmphiregulinmeasurements in blood. Information
on the dilution of samples used for measuring, data range and the sample type selected are also
shown.
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Effect of pre-analytical variables on Amphiregulin
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Figure I.S8: Effect of pre-processing storage temperature on Amphiregulin stability and
concentration. Initial measured value and stability of Amphiregulin when stored at 25 ◦C (a, e)
and 4 ◦C (b, f) before processing when collected in different tube types. The measured values are
shown at low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is
expressed as an increase or decrease compared to the measurement range and is shown for low (c)
and high (g) dilutions. Initial value is expressed as a portion of the measurement range when the
linear regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions.
The pink box in graphs d and h indicate the region that is included by the mean ± SD of all the
initial values and gives an indication of outliers when values lie outside this region. Red and purple
bars in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S9: Effect of blood collection tube on Ang1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of Ang1measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S10: Effect of pre-processing storage temperature on Ang1 stability and concen-
tration. Initial measured value and stability of Ang1 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S11: Effect of blood collection tube on Ang2 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of Ang2measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S12: Effect of pre-processing storage temperature on Ang2 stability and concen-
tration. Initial measured value and stability of Ang2 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S13: Effect of blood collection tube on BDNF stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of BDNF measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.



Appendix I. Potential biomarkers in TBI patients: Effect of pre-analytical variables 687

Effect of pre-analytical variables on BDNF

1.5

2.0

2.5

3.0

3.5

5 30 120
Time before processing (min)

25oC 1:3

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

a

1.5

2.0

2.5

3.0

3.5

5 30 120
Time before processing (min)

4oC 1:3

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

b

-3
0

-1
0

10

Ser
um

Citr
at

e

Hep
ar

in

EDTA

EDTA Filt

CTAD

CTAD Filt

c Signal stability 1:3

C
ha

ng
e/

ra
ng

e 
(%

)
0

10
30

50

Ser
um

Citr
at

e

Hep
ar

in

EDTA

EDTA Filt

CTAD

CTAD Filt

d Starting value 1:3

S
ta

rt
in

g/
ra

ng
e 

(%
)

1.5

2.0

2.5

3.0

3.5

5 30 120
Time before processing (min)

25oC 1:30

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

e

1.5

2.0

2.5

3.0

3.5

5 30 120
Time before processing (min)

4oC 1:30

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

f

-2
0

-1
0

0
10

Ser
um

Citr
at

e

Hep
ar

in

EDTA

EDTA Filt

CTAD

CTAD Filt

g Signal stability 1:30

C
ha

ng
e/

ra
ng

e 
(%

)
0

10
20

30

Ser
um

Citr
at

e

Hep
ar

in

EDTA

EDTA Filt

CTAD

CTAD Filt

h Starting value 1:30

S
ta

rt
in

g/
ra

ng
e 

(%
)

Serum

Citrate

Heparin

EDTA

EDTAFilt

CTAD

CTADFilt

LOD

Blanks mean

pnSerum

pnCitrate

pnHeparin

pnEDTA

pnCTAD

Serum 25oC

EDTA 4oC

Others 25oC

Others 4oC

Average range

Figure I.S14: Effect of pre-processing storage temperature on BDNF stability and concen-
tration. Initial measured value and stability of BDNF when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S15: Effect of blood collection tube on BMP2 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of BMP2 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S16: Effect of pre-processing storage temperature on BMP2 stability and concen-
tration. Initial measured value and stability of BMP2 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S17: Effect of blood collection tube on BRAF stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of BRAF measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on BRAF
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Figure I.S18: Effect of pre-processing storage temperature on BRAF stability and concen-
tration. Initial measured value and stability of BRAF when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on c-Kit
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Figure I.S19: Effect of blood collection tube on c-Kit stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of c-Kit measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on c-Kit
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Figure I.S20: Effect of pre-processing storage temperature on c-Kit stability and concen-
tration. Initial measured value and stability of c-Kit when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on CA15-3
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Figure I.S21: Effect of blood collection tube on CA15-3 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of CA15-3 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.



Appendix I. Potential biomarkers in TBI patients: Effect of pre-analytical variables 695

Effect of pre-analytical variables on CA15-3
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Figure I.S22: Effect of pre-processing storage temperature on CA15-3 stability and concen-
tration. Initial measured value and stability of CA15-3 when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on Cathepsin B
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Figure I.S23: Effect of blood collection tube on Cathepsin B stability and concentration.
Effects of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD),
storage temperature and time before processing, and post-processing plasma filtering (e, g) on the
initial value and pre-processing time stability of Cathepsin B measurements in blood. Information
on the dilution of samples used for measuring, data range and the sample type selected are also
shown.
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Effect of pre-analytical variables on Cathepsin B
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Figure I.S24: Effect of pre-processing storage temperature on Cathepsin B stability and
concentration. Initial measured value and stability of Cathepsin B when stored at 25 ◦C (a, e)
and 4 ◦C (b, f) before processing when collected in different tube types. The measured values are
shown at low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is
expressed as an increase or decrease compared to the measurement range and is shown for low (c)
and high (g) dilutions. Initial value is expressed as a portion of the measurement range when the
linear regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions.
The pink box in graphs d and h indicate the region that is included by the mean ± SD of all the
initial values and gives an indication of outliers when values lie outside this region. Red and purple
bars in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on CCL5
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Figure I.S25: Effect of blood collection tube on CCL5 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of CCL5 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on CCL5
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Figure I.S26: Effect of pre-processing storage temperature on CCL5 stability and concen-
tration. Initial measured value and stability of CCL5 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on CD14
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Figure I.S27: Effect of blood collection tube on CD14 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of CD14 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on CD14
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Figure I.S28: Effect of pre-processing storage temperature on CD14 stability and concen-
tration. Initial measured value and stability of CD14 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on CEA
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Figure I.S29: Effect of blood collection tube on CEA stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of CEAmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S30: Effect of pre-processing storage temperature on CEA stability and concen-
tration. Initial measured value and stability of CEA when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on CRP
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Figure I.S31: Effect of blood collection tube on CRP stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of CRPmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on CRP
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Figure I.S32: Effect of pre-processing storage temperature on CRP stability and concentra-
tion. Initial measured value and stability of CRP when stored at 25 ◦C (a, e) and 4 ◦C (b, f) before
processing when collected in different tube types. The measured values are shown at low dilution
of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as an increase
or decrease compared to the measurement range and is shown for low (c) and high (g) dilutions.
Initial value is expressed as a portion of the measurement range when the linear regression is
extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The pink box in
graphs d and h indicate the region that is included by the mean ± SD of all the initial values and
gives an indication of outliers when values lie outside this region. Red and purple bars in c-d, g-h
are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on CXCL12
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Figure I.S33: Effect of blood collection tube on CXCL12 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of CXCL12 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on CXCL12
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Figure I.S34: Effect of pre-processing storage temperature on CXCL12 stability and con-
centration. Initial measured value and stability of CXCL12 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on E-cadherin
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Figure I.S35: Effect of blood collection tube on E-cadherin stability and concentration.
Effects of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD),
storage temperature and time before processing, and post-processing plasma filtering (e, g) on the
initial value and pre-processing time stability of E-cadherin measurements in blood. Information
on the dilution of samples used for measuring, data range and the sample type selected are also
shown.
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Effect of pre-analytical variables on E-cadherin
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Figure I.S36: Effect of pre-processing storage temperature on E-cadherin stability and
concentration. Initial measured value and stability of E-cadherin when stored at 25 ◦C (a, e) and
4 ◦C (b, f) before processing when collected in different tube types. The measured values are
shown at low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is
expressed as an increase or decrease compared to the measurement range and is shown for low (c)
and high (g) dilutions. Initial value is expressed as a portion of the measurement range when the
linear regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions.
The pink box in graphs d and h indicate the region that is included by the mean ± SD of all the
initial values and gives an indication of outliers when values lie outside this region. Red and purple
bars in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on E-selectin
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Figure I.S37: Effect of blood collection tube on E-selectin stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of E-selectin measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on E-selectin
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Figure I.S38: Effect of pre-processing storage temperature on E-selectin stability and con-
centration. Initial measured value and stability of E-selectin when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on EGF
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Figure I.S39: Effect of blood collection tube on EGF stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of EGFmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on EGF
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Figure I.S40: Effect of pre-processing storage temperature on EGF stability and concentra-
tion. Initial measured value and stability of EGF when stored at 25 ◦C (a, e) and 4 ◦C (b, f) before
processing when collected in different tube types. The measured values are shown at low dilution
of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as an increase
or decrease compared to the measurement range and is shown for low (c) and high (g) dilutions.
Initial value is expressed as a portion of the measurement range when the linear regression is
extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The pink box in
graphs d and h indicate the region that is included by the mean ± SD of all the initial values and
gives an indication of outliers when values lie outside this region. Red and purple bars in c-d, g-h
are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on EGF-R
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Figure I.S41: Effect of blood collection tube on EGF-R stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of EGF-R measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on EGF-R
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Figure I.S42: Effect of pre-processing storage temperature on EGF-R stability and concen-
tration. Initial measured value and stability of EGF-R when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on Endoglin
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Figure I.S43: Effect of blood collection tube on Endoglin stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of Endoglin measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on Endoglin
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Figure I.S44: Effect of pre-processing storage temperature on Endoglin stability and con-
centration. Initial measured value and stability of Endoglin when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on EpCAM
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Figure I.S45: Effect of blood collection tube on EpCAM stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of EpCAM measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on EpCAM
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Figure I.S46: Effect of pre-processing storage temperature on EpCAM stability and concen-
tration. Initial measured value and stability of EpCAM when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S47: Effect of blood collection tube on FAS stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of FAS measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S48: Effect of pre-processing storage temperature on FAS stability and concentra-
tion. Initial measured value and stability of FAS when stored at 25 ◦C (a, e) and 4 ◦C (b, f) before
processing when collected in different tube types. The measured values are shown at low dilution
of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as an increase
or decrease compared to the measurement range and is shown for low (c) and high (g) dilutions.
Initial value is expressed as a portion of the measurement range when the linear regression is
extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The pink box in
graphs d and h indicate the region that is included by the mean ± SD of all the initial values and
gives an indication of outliers when values lie outside this region. Red and purple bars in c-d, g-h
are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S49: Effect of blood collection tube on FAS-L stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of FAS-L measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S50: Effect of pre-processing storage temperature on FAS-L stability and concen-
tration. Initial measured value and stability of FAS-L when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S51: Effect of blood collection tube on FGFb stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of FGFb measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S52: Effect of pre-processing storage temperature on FGFb stability and concen-
tration. Initial measured value and stability of FGFb when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on Flt-3

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

5 30 120
Time before processing (min)

Seruma

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

5 30 120
Time before processing (min)

Citrateb

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

5 30 120
Time before processing (min)

Heparinc

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

5 30 120
Time before processing (min)

EDTAd

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

5 30 120
Time before processing (min)

Filtered EDTAe

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

5 30 120
Time before processing (min)

CTADf

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

5 30 120
Time before processing (min)

Filtered CTADg

LOD

Blanks mean

pn Low

pn High

25oC 1:3

25oC 1:30

4oC 1:3

4oC 1:30

Figure I.S53: Effect of blood collection tube on Flt-3 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of Flt-3 measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S54: Effect of pre-processing storage temperature on Flt-3 stability and concentra-
tion. Initial measured value and stability of Flt-3 when stored at 25 ◦C (a, e) and 4 ◦C (b, f) before
processing when collected in different tube types. The measured values are shown at low dilution
of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as an increase
or decrease compared to the measurement range and is shown for low (c) and high (g) dilutions.
Initial value is expressed as a portion of the measurement range when the linear regression is
extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The pink box in
graphs d and h indicate the region that is included by the mean ± SD of all the initial values and
gives an indication of outliers when values lie outside this region. Red and purple bars in c-d, g-h
are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S55: Effect of blood collection tube on G-CSF stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of G-CSF measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S56: Effect of pre-processing storage temperature on G-CSF stability and concen-
tration. Initial measured value and stability of G-CSF when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on GFAP
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Figure I.S57: Effect of blood collection tube on GFAP stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of GFAP measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S58: Effect of pre-processing storage temperature on GFAP stability and concen-
tration. Initial measured value and stability of GFAP when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on GM-CSF
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Figure I.S59: Effect of blood collection tube on GM-CSF stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of GM-CSF measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S60: Effect of pre-processing storage temperature on GM-CSF stability and con-
centration. Initial measured value and stability of GM-CSF when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.



Appendix I. Potential biomarkers in TBI patients: Effect of pre-analytical variables 734

Effect of pre-analytical variables on GRO-α

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

-8.5

-8.0

-7.5

-7.0

5 30 120
Time before processing (min)

Seruma

-8.5

-8.0

-7.5

-7.0

5 30 120
Time before processing (min)

Citrateb

-8.5

-8.0

-7.5

-7.0

5 30 120
Time before processing (min)

Heparinc

-8.5

-8.0

-7.5

-7.0

5 30 120
Time before processing (min)

EDTAd

-8.5

-8.0

-7.5

-7.0

5 30 120
Time before processing (min)

Filtered EDTAe

-8.5

-8.0

-7.5

-7.0

5 30 120
Time before processing (min)

CTADf

-8.5

-8.0

-7.5

-7.0

5 30 120
Time before processing (min)

Filtered CTADg

LOD

Blanks mean

pn Low

pn High

25oC 1:3

25oC 1:30

4oC 1:3

4oC 1:30

Figure I.S61: Effect of blood collection tube on GRO-α stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of GRO-α measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S62: Effect of pre-processing storage temperature on GRO-α stability and concen-
tration. Initial measured value and stability of GRO-α when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on HAI-1
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Figure I.S63: Effect of blood collection tube on HAI-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of HAI-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on HAI-1
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Figure I.S64: Effect of pre-processing storage temperature on HAI-1 stability and concen-
tration. Initial measured value and stability of HAI-1 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on HE4
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Figure I.S65: Effect of blood collection tube on HE4 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of HE4 measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S66: Effect of pre-processing storage temperature on HE4 stability and concentra-
tion. Initial measured value and stability of HE4 when stored at 25 ◦C (a, e) and 4 ◦C (b, f) before
processing when collected in different tube types. The measured values are shown at low dilution
of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as an increase
or decrease compared to the measurement range and is shown for low (c) and high (g) dilutions.
Initial value is expressed as a portion of the measurement range when the linear regression is
extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The pink box in
graphs d and h indicate the region that is included by the mean ± SD of all the initial values and
gives an indication of outliers when values lie outside this region. Red and purple bars in c-d, g-h
are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S67: Effect of blood collection tube on HER2 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of HER2 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S68: Effect of pre-processing storage temperature on HER2 stability and concen-
tration. Initial measured value and stability of HER2 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S69: Effect of blood collection tube on HER3 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of HER3 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S70: Effect of pre-processing storage temperature on HER3 stability and concen-
tration. Initial measured value and stability of HER3 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S71: Effect of blood collection tube on HGF stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of HGFmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S72: Effect of pre-processing storage temperature on HGF stability and concen-
tration. Initial measured value and stability of HGF when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S73: Effect of blood collection tube on HGF-R stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of HGF-R measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S74: Effect of pre-processing storage temperature on HGF-R stability and concen-
tration. Initial measured value and stability of HGF-R when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on HMGB1
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Figure I.S75: Effect of blood collection tube on HMGB1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of HMGB1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S76: Effect of pre-processing storage temperature on HMGB1 stability and concen-
tration. Initial measured value and stability of HMGB1 when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on HP

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

0.6

0.8

1.0

1.2

1.4

1.6

1.8

5 30 120
Time before processing (min)

Seruma

0.6

0.8

1.0

1.2

1.4

1.6

1.8

5 30 120
Time before processing (min)

Citrateb

0.6

0.8

1.0

1.2

1.4

1.6

1.8

5 30 120
Time before processing (min)

Heparinc

0.6

0.8

1.0

1.2

1.4

1.6

1.8

5 30 120
Time before processing (min)

EDTAd

0.6

0.8

1.0

1.2

1.4

1.6

1.8

5 30 120
Time before processing (min)

Filtered EDTAe

0.6

0.8

1.0

1.2

1.4

1.6

1.8

5 30 120
Time before processing (min)

CTADf

0.6

0.8

1.0

1.2

1.4

1.6

1.8

5 30 120
Time before processing (min)

Filtered CTADg

LOD

Blanks mean

pn Low

pn High

25oC 1:3

25oC 1:30

4oC 1:3

4oC 1:30

Figure I.S77: Effect of blood collection tube on HP stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of HP measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S78: Effect of pre-processing storage temperature onHP stability and concentration.
Initial measured value and stability of HP when stored at 25 ◦C (a, e) and 4 ◦C (b, f) before
processing when collected in different tube types. The measured values are shown at low dilution
of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as an increase
or decrease compared to the measurement range and is shown for low (c) and high (g) dilutions.
Initial value is expressed as a portion of the measurement range when the linear regression is
extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The pink box in
graphs d and h indicate the region that is included by the mean ± SD of all the initial values and
gives an indication of outliers when values lie outside this region. Red and purple bars in c-d, g-h
are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on ICAM-1
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Figure I.S79: Effect of blood collection tube on ICAM-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of ICAM-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S80: Effect of pre-processing storage temperature on ICAM-1 stability and concen-
tration. Initial measured value and stability of ICAM-1 when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S81: Effect of blood collection tube on IFN-γ stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IFN-γ measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S82: Effect of pre-processing storage temperature on IFN-γ stability and concen-
tration. Initial measured value and stability of IFN-γ when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on IGFBP-1
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Figure I.S83: Effect of blood collection tube on IGFBP-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IGFBP-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S84: Effect of pre-processing storage temperature on IGFBP-1 stability and con-
centration. Initial measured value and stability of IGFBP-1 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S85: Effect of blood collection tube on IGFBP-3 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IGFBP-3 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S86: Effect of pre-processing storage temperature on IGFBP-3 stability and con-
centration. Initial measured value and stability of IGFBP-3 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S87: Effect of blood collection tube on IGFBP-7 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IGFBP-7 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S88: Effect of pre-processing storage temperature on IGFBP-7 stability and con-
centration. Initial measured value and stability of IGFBP-7 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S89: Effect of blood collection tube on IL-10 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-10 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S90: Effect of pre-processing storage temperature on IL-10 stability and concen-
tration. Initial measured value and stability of IL-10 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S91: Effect of blood collection tube on IL-12 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-12 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S92: Effect of pre-processing storage temperature on IL-12 stability and concen-
tration. Initial measured value and stability of IL-12 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S93: Effect of blood collection tube on IL-15 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-15 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S94: Effect of pre-processing storage temperature on IL-15 stability and concen-
tration. Initial measured value and stability of IL-15 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on IL-18
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Figure I.S95: Effect of blood collection tube on IL-18 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-18 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S96: Effect of pre-processing storage temperature on IL-18 stability and concen-
tration. Initial measured value and stability of IL-18 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S97: Effect of blood collection tube on IL-1β stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-1β measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S98: Effect of pre-processing storage temperature on IL-1β stability and concen-
tration. Initial measured value and stability of IL-1β when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on IL-1ra
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Figure I.S99: Effect of blood collection tube on IL-1ra stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-1ra measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S100: Effect of pre-processing storage temperature on IL-1ra stability and concen-
tration. Initial measured value and stability of IL-1ra when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S101: Effect of blood collection tube on IL-2 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-2 measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S102: Effect of pre-processing storage temperature on IL-2 stability and concen-
tration. Initial measured value and stability of IL-2 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on IL-3
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Figure I.S103: Effect of blood collection tube on IL-3 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-3 measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.



Appendix I. Potential biomarkers in TBI patients: Effect of pre-analytical variables 777

Effect of pre-analytical variables on IL-3
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Figure I.S104: Effect of pre-processing storage temperature on IL-3 stability and concen-
tration. Initial measured value and stability of IL-3 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S105: Effect of blood collection tube on IL-4 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-4 measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S106: Effect of pre-processing storage temperature on IL-4 stability and concen-
tration. Initial measured value and stability of IL-4 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S107: Effect of blood collection tube on IL-5 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-5 measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S108: Effect of pre-processing storage temperature on IL-5 stability and concen-
tration. Initial measured value and stability of IL-5 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.



Appendix I. Potential biomarkers in TBI patients: Effect of pre-analytical variables 782

Effect of pre-analytical variables on IL-7

R
el

at
iv

e 
F

lu
or

es
ce

nc
e 

(R
F

U
)

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

5 30 120
Time before processing (min)

Seruma

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

5 30 120
Time before processing (min)

Citrateb

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

5 30 120
Time before processing (min)

Heparinc

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

5 30 120
Time before processing (min)

EDTAd

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

5 30 120
Time before processing (min)

Filtered EDTAe

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

5 30 120
Time before processing (min)

CTADf

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

5 30 120
Time before processing (min)

Filtered CTADg

LOD

Blanks mean

pn Low

pn High

25oC 1:3

25oC 1:30

4oC 1:3

4oC 1:30

Figure I.S109: Effect of blood collection tube on IL-7 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-7 measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S110: Effect of pre-processing storage temperature on IL-7 stability and concen-
tration. Initial measured value and stability of IL-7 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S111: Effect of blood collection tube on IL-8 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IL-8 measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S112: Effect of pre-processing storage temperature on IL-8 stability and concen-
tration. Initial measured value and stability of IL-8 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S113: Effect of blood collection tube on IP-10 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of IP-10measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S114: Effect of pre-processing storage temperature on IP-10 stability and concen-
tration. Initial measured value and stability of IP-10 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on KLK14
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Figure I.S115: Effect of blood collection tube on KLK14 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of KLK14 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on KLK14
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Figure I.S116: Effect of pre-processing storage temperature on KLK14 stability and concen-
tration. Initial measured value and stability of KLK14 when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on KLK8
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Figure I.S117: Effect of blood collection tube on KLK8 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of KLK8 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on KLK8
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Figure I.S118: Effect of pre-processing storage temperature on KLK8 stability and concen-
tration. Initial measured value and stability of KLK8 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on Leptin
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Figure I.S119: Effect of blood collection tube on Leptin stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of Leptin measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on Leptin
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Figure I.S120: Effect of pre-processing storage temperature on Leptin stability and concen-
tration. Initial measured value and stability of Leptin when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on M-CSF
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Figure I.S121: Effect of blood collection tube on M-CSF stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of M-CSF measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on M-CSF
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Figure I.S122: Effect of pre-processing storage temperature on M-CSF stability and concen-
tration. Initial measured value and stability of M-CSF when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MCP1
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Figure I.S123: Effect of blood collection tube on MCP1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MCP1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S124: Effect of pre-processing storage temperature on MCP1 stability and concen-
tration. Initial measured value and stability of MCP1 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MCP2
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Figure I.S125: Effect of blood collection tube on MCP2 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MCP2 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S126: Effect of pre-processing storage temperature on MCP2 stability and concen-
tration. Initial measured value and stability of MCP2 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MCP3
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Figure I.S127: Effect of blood collection tube on MCP3 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MCP3 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on MCP3
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Figure I.S128: Effect of pre-processing storage temperature on MCP3 stability and concen-
tration. Initial measured value and stability of MCP3 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MCP4
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Figure I.S129: Effect of blood collection tube on MCP4 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MCP4 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S130: Effect of pre-processing storage temperature on MCP4 stability and concen-
tration. Initial measured value and stability of MCP4 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MIG
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Figure I.S131: Effect of blood collection tube on MIG stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability ofMIGmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S132: Effect of pre-processing storage temperature on MIG stability and concen-
tration. Initial measured value and stability of MIG when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MIP-1α
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Figure I.S133: Effect of blood collection tube on MIP-1α stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MIP-1α measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on MIP-1α
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Figure I.S134: Effect of pre-processing storage temperature on MIP-1α stability and con-
centration. Initial measured value and stability of MIP-1α when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MIP-1β
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Figure I.S135: Effect of blood collection tube on MIP-1β stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MIP-1β measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S136: Effect of pre-processing storage temperature on MIP-1β stability and con-
centration. Initial measured value and stability of MIP-1β when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MMP-1
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Figure I.S137: Effect of blood collection tube on MMP-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MMP-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on MMP-1
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Figure I.S138: Effect of pre-processing storage temperature on MMP-1 stability and con-
centration. Initial measured value and stability of MMP-1 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MMP-3
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Figure I.S139: Effect of blood collection tube on MMP-3 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MMP-3 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on MMP-3
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Figure I.S140: Effect of pre-processing storage temperature on MMP-3 stability and con-
centration. Initial measured value and stability of MMP-3 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on MMP-9
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Figure I.S141: Effect of blood collection tube on MMP-9 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of MMP-9 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on MMP-9
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Figure I.S142: Effect of pre-processing storage temperature on MMP-9 stability and con-
centration. Initial measured value and stability of MMP-9 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on NCAM-1
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Figure I.S143: Effect of blood collection tube onNCAM-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of NCAM-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on NCAM-1
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Figure I.S144: Effect of pre-processing storage temperature on NCAM-1 stability and con-
centration. Initial measured value and stability of NCAM-1 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on NT-3
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Figure I.S145: Effect of blood collection tube on NT-3 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of NT-3measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on NT-3
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Figure I.S146: Effect of pre-processing storage temperature on NT-3 stability and concen-
tration. Initial measured value and stability of NT-3 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on OPN
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Figure I.S147: Effect of blood collection tube on OPN stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of OPNmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S148: Effect of pre-processing storage temperature on OPN stability and concen-
tration. Initial measured value and stability of OPN when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on PAI-1
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Figure I.S149: Effect of blood collection tube on PAI-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of PAI-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S150: Effect of pre-processing storage temperature on PAI-1 stability and concen-
tration. Initial measured value and stability of PAI-1 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on PDGF-BB
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Figure I.S151: Effect of blood collection tube on PDGF-BB stability and concentration.
Effects of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD),
storage temperature and time before processing, and post-processing plasma filtering (e, g) on the
initial value and pre-processing time stability of PDGF-BB measurements in blood. Information
on the dilution of samples used for measuring, data range and the sample type selected are also
shown.
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Figure I.S152: Effect of pre-processing storage temperature on PDGF-BB stability and
concentration. Initial measured value and stability of PDGF-BB when stored at 25 ◦C (a, e) and
4 ◦C (b, f) before processing when collected in different tube types. The measured values are
shown at low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is
expressed as an increase or decrease compared to the measurement range and is shown for low (c)
and high (g) dilutions. Initial value is expressed as a portion of the measurement range when the
linear regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions.
The pink box in graphs d and h indicate the region that is included by the mean ± SD of all the
initial values and gives an indication of outliers when values lie outside this region. Red and purple
bars in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S153: Effect of blood collection tube on PRL stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of PRLmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S154: Effect of pre-processing storage temperature on PRL stability and concen-
tration. Initial measured value and stability of PRL when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S155: Effect of blood collection tube on PSA stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of PSAmeasurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S156: Effect of pre-processing storage temperature on PSA stability and concen-
tration. Initial measured value and stability of PSA when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S157: Effect of blood collection tube on RBP4 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of RBP4 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S158: Effect of pre-processing storage temperature on RBP4 stability and concen-
tration. Initial measured value and stability of RBP4 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on S100B
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Figure I.S159: Effect of blood collection tube on S100B stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of S100B measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S160: Effect of pre-processing storage temperature on S100B stability and concen-
tration. Initial measured value and stability of S100B when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S161: Effect of blood collection tube on SPARC stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of SPARC measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S162: Effect of pre-processing storage temperature on SPARC stability and concen-
tration. Initial measured value and stability of SPARC when stored at 25 ◦C (a, e) and 4 ◦C (b,
f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on TF
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Figure I.S163: Effect of blood collection tube on TF stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of TF measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S164: Effect of pre-processing storage temperature on TF stability and concentra-
tion. Initial measured value and stability of TF when stored at 25 ◦C (a, e) and 4 ◦C (b, f) before
processing when collected in different tube types. The measured values are shown at low dilution
of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as an increase
or decrease compared to the measurement range and is shown for low (c) and high (g) dilutions.
Initial value is expressed as a portion of the measurement range when the linear regression is
extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The pink box in
graphs d and h indicate the region that is included by the mean ± SD of all the initial values and
gives an indication of outliers when values lie outside this region. Red and purple bars in c-d, g-h
are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S165: Effect of blood collection tube on TGF-α stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of TGF-α measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S166: Effect of pre-processing storage temperature on TGF-α stability and concen-
tration. Initial measured value and stability of TGF-α when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S167: Effect of blood collection tube on TGF-β RII stability and concentration.
Effects of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD),
storage temperature and time before processing, and post-processing plasma filtering (e, g) on the
initial value and pre-processing time stability of TGF-β RII measurements in blood. Information
on the dilution of samples used for measuring, data range and the sample type selected are also
shown.
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Figure I.S168: Effect of pre-processing storage temperature on TGF-β RII stability and
concentration. Initial measured value and stability of TGF-β RII when stored at 25 ◦C (a, e)
and 4 ◦C (b, f) before processing when collected in different tube types. The measured values are
shown at low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is
expressed as an increase or decrease compared to the measurement range and is shown for low (c)
and high (g) dilutions. Initial value is expressed as a portion of the measurement range when the
linear regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions.
The pink box in graphs d and h indicate the region that is included by the mean ± SD of all the
initial values and gives an indication of outliers when values lie outside this region. Red and purple
bars in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S169: Effect of blood collection tube on TGF-β1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of TGF-β1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S170: Effect of pre-processing storage temperature on TGF-β1 stability and con-
centration. Initial measured value and stability of TGF-β1 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S171: Effect of blood collection tube on TGF-β2 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of TGF-β2 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S172: Effect of pre-processing storage temperature on TGF-β2 stability and con-
centration. Initial measured value and stability of TGF-β2 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S173: Effect of blood collection tube on THBS-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of THBS-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S174: Effect of pre-processing storage temperature on THBS-1 stability and con-
centration. Initial measured value and stability of THBS-1 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S175: Effect of blood collection tube on Tie-2 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of Tie-2measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S176: Effect of pre-processing storage temperature on Tie-2 stability and concen-
tration. Initial measured value and stability of Tie-2 when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S177: Effect of blood collection tube on TIMP-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of TIMP-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S178: Effect of pre-processing storage temperature on TIMP-1 stability and con-
centration. Initial measured value and stability of TIMP-1 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S179: Effect of blood collection tube on TNF-α stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of TNF-α measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S180: Effect of pre-processing storage temperature on TNF-α stability and concen-
tration. Initial measured value and stability of TNF-α when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S181: Effect of blood collection tube on TNF-RI stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of TNF-RI measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S182: Effect of pre-processing storage temperature on TNF-RI stability and con-
centration. Initial measured value and stability of TNF-RI when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on TNF-RII
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Figure I.S183: Effect of blood collection tube on TNF-RII stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of TNF-RII measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S184: Effect of pre-processing storage temperature on TNF-RII stability and con-
centration. Initial measured value and stability of TNF-RII when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S185: Effect of blood collection tube on uPA stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of uPA measurements in blood. Information on the dilution
of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S186: Effect of pre-processing storage temperature on uPA stability and concen-
tration. Initial measured value and stability of uPA when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Figure I.S187: Effect of blood collection tube on uPA-R stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of uPA-R measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S188: Effect of pre-processing storage temperature on uPA-R stability and concen-
tration. Initial measured value and stability of uPA-R when stored at 25 ◦C (a, e) and 4 ◦C (b, f)
before processing when collected in different tube types. The measured values are shown at low
dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed as
an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on VCAM-1
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Figure I.S189: Effect of blood collection tube on VCAM-1 stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of VCAM-1 measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S190: Effect of pre-processing storage temperature on VCAM-1 stability and con-
centration. Initial measured value and stability of VCAM-1 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on VEGF-A
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Figure I.S191: Effect of blood collection tube on VEGF-A stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of VEGF-A measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Figure I.S192: Effect of pre-processing storage temperature on VEGF-A stability and con-
centration. Initial measured value and stability of VEGF-A when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on VEGF-D
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Figure I.S193: Effect of blood collection tube on VEGF-D stability and concentration. Effects
of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD), storage
temperature and time before processing, and post-processing plasma filtering (e, g) on the initial
value and pre-processing time stability of VEGF-D measurements in blood. Information on the
dilution of samples used for measuring, data range and the sample type selected are also shown.
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Effect of pre-analytical variables on VEGF-D
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Figure I.S194: Effect of pre-processing storage temperature on VEGF-D stability and con-
centration. Initial measured value and stability of VEGF-D when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on VEGFR2
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Figure I.S195: Effect of blood collection tube on VEGFR2 stability and concentration.
Effects of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD),
storage temperature and time before processing, and post-processing plasma filtering (e, g) on the
initial value and pre-processing time stability of VEGFR2 measurements in blood. Information
on the dilution of samples used for measuring, data range and the sample type selected are also
shown.
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Effect of pre-analytical variables on VEGFR2
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Figure I.S196: Effect of pre-processing storage temperature on VEGFR2 stability and con-
centration. Initial measured value and stability of VEGFR2 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Effect of pre-analytical variables on VEGFR3
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Figure I.S197: Effect of blood collection tube on VEGFR3 stability and concentration.
Effects of blood collection tubes (a: serum, b: citrate, c: heparin, d-e: EDTA, f-g: CTAD),
storage temperature and time before processing, and post-processing plasma filtering (e, g) on the
initial value and pre-processing time stability of VEGFR3 measurements in blood. Information
on the dilution of samples used for measuring, data range and the sample type selected are also
shown.
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Effect of pre-analytical variables on VEGFR3
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Figure I.S198: Effect of pre-processing storage temperature on VEGFR3 stability and con-
centration. Initial measured value and stability of VEGFR3 when stored at 25 ◦C (a, e) and 4 ◦C
(b, f) before processing when collected in different tube types. The measured values are shown at
low dilution of 1:3 (a-b) and high dilution of 1:30 (e-f). Stability before processing is expressed
as an increase or decrease compared to the measurement range and is shown for low (c) and high
(g) dilutions. Initial value is expressed as a portion of the measurement range when the linear
regression is extrapolated to zero minutes and is shown for low (d) and high (h) dilutions. The
pink box in graphs d and h indicate the region that is included by the mean ± SD of all the initial
values and gives an indication of outliers when values lie outside this region. Red and purple bars
in c-d, g-h are indicated at the measured dilution as the two choices for the TBI analysis.
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Table I.S1: Pre-analytical variables linear regression parameters in serum samples, low
dilution.

Data Blanks Serum low dilution, 4 ◦C Serum low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.3835 -0.0029 0.8143 0.3775 -11.57 28.26 2.2674 -0.0002 0.0076 0.1079 -0.6 24.28
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 4.3693 -0.0001 0.0614 0.0588 -0.79 18.52 - - - - - -
5 Ang1 3.33 0.96 3.6505 -0.0018 0.9364 0.2028 -7.5 96.03 3.5222 0 0.0001 0.0743 0.1 91.45
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 7.515 -0.0014 0.3984 0.2621 -5.62 55.32 7.4914 0.0001 0.002 0.0978 0.5 54.49
12 CA15-3 2.87 -1.56 -0.0607 -0.0042 0.4188 0.7847 -20.58 63.24 -0.4079 0.001 0.0139 0.2186 4.95 48.58
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.3557 -0.0039 0.9899 0.4283 -15.24 75.57 -2.5458 0.0013 0.1903 0.1944 5.05 69.03
16 CEA 1.37 5.65 5.8755 0.0019 0.9953 0.2183 23.61 24.46 5.9443 0.0003 0.2719 0.0422 3.8 32.06
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 6.7196 0 0.0072 0.0243 -0.1 53.82 6.6865 -0.0007 0.2961 0.1055 -4.13 52.21
20 E-selectin 2.11 1.25 2.0869 -0.0019 0.4653 0.3346 -15.46 59.25 2.0423 -0.0001 0.0023 0.0365 -0.43 56.09
21 EGF 3.86 5.84 6.9242 -0.0015 0.6108 0.2388 -5.2 31.7 7.1407 0.0112 0.7985 1.3852 37.52 38.03
22 EGF-R 3.67 -2.28 0.5829 -0.0008 0.9992 0.0888 -2.75 89.41 0.5915 -0.0019 0.511 0.2411 -6.79 89.68
23 Endoglin 1.85 0.65 1.5757 -0.0003 0.0647 0.1413 -3 72.62 1.4427 -0.0006 0.1463 0.0844 -5.1 62.18
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 5.626 -0.0025 0.4291 0.4598 -12.04 52 5.3194 0.0011 0.0192 0.1558 5.2 39.2
26 FAS-L 1.18 -0.73 -0.2971 -0.0019 0.7529 0.2529 -27.65 55.79 - - - - - -
28 FGFb 1.24 5.22 5.519 0.0003 0.8536 0.0414 4.13 31.68 5.5046 -0.0005 0.031 0.0831 -6.13 30.14
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 0.9287 -0.0007 0.1641 0.1803 -3.42 36.28 0.906 0.0008 0.109 0.1154 4.07 35.26
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 5.786 -0.0001 0.0589 0.0615 -0.91 21.14 - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 5.1171 -0.002 0.3011 0.4312 -6.74 32.55 4.8988 0.0002 0.0013 0.0228 0.7 26.23
39 HGF-R 3.75 1.35 4.2561 -0.0019 0.5035 0.3156 -6.7 91.36 4.0773 -0.0001 0.0004 0.2123 -0.32 85.74
40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 1.0752 -0.0008 0.1004 0.2504 -3.18 13.11 1.2533 -0.0025 0.3945 0.4425 -10.42 19.64
42 ICAM-1 4.35 -6.8 -4.6819 -0.0042 0.6563 0.6273 -13.28 57.98 -4.1027 -0.0005 0.0017 0.0942 -1.49 73.81
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.298 0.001 0.7961 0.1271 3.44 77.96 7.3222 0.0012 0.2391 0.164 4.17 78.7
45 IGFBP-3 3.28 5.26 7.8946 -0.0001 0.0416 0.0398 -0.26 88.75 7.8733 0.0004 0.0967 0.0541 1.48 88.04
46 IGFBP-7 3.65 5.86 8.3873 0.0001 0.0179 0.0984 0.39 79.11 8.3654 0.0004 0.0355 0.071 1.31 78.42
47 IL-10 3 7.75 8.3964 -0.0011 0.3741 0.2176 -5.43 27.15 - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
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Table I.S1 continued from previous page

Data Blanks Serum low dilution, 4 ◦C Serum low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

50 IL-18 2.91 -4.12 -2.6464 -0.0006 0.9535 0.0771 -3.31 67.73 -2.8398 -0.0003 0.0066 0.2885 -1.64 58.85
51 IL-1β 3.12 4.31 5.1507 -0.0022 0.5327 0.3592 -8.74 29.3 4.7763 -0.0007 0.0045 0.0741 -2.75 16.18
52 IL-1ra 2.24 -0.15 0.1469 -0.0015 0.556 0.2404 -9.1 16.12 - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 7.2345 -0.0021 0.3337 0.4312 -9.54 24.09 - - - - - -
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 2.2223 -0.0008 0.9446 0.0878 -5.2 34.51 2.0626 -0.0002 0.001 0.1141 -0.98 25.5
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 3.6453 -0.0011 0.9859 0.1193 -8.23 57.14 3.3842 -0.0008 0.0146 0.2004 -6.48 39.83
73 MMP-3 3.57 0.52 2.779 -0.0007 0.1579 0.203 -3.03 80.85 2.7711 -0.0009 0.1744 0.1681 -3.82 80.57
74 MMP-9 4.52 5.28 7.5918 -0.0015 0.7548 0.2041 -4.05 54.16 7.8071 0.0009 0.0285 0.1342 2.3 59.21
75 NCAM-1 2.76 4.08 6.4486 -0.0004 0.0395 0.1999 -1.66 95.69 6.2756 -0.0006 0.0305 0.0761 -2.89 88.71
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 7.1917 -0.0002 0.1908 0.0629 -0.81 46.21 7.3446 0.0025 0.4927 0.3701 8.15 50.62
78 PAI-1 1.8 2.55 3.0239 0.0002 0.2735 0.0385 1.36 32.09 2.8877 0.0004 0.055 0.1219 3.47 22.95
79 PDGF-BB 3.59 5.72 7.3285 -0.0021 0.6691 0.2989 -7.27 48.01 7.5459 -0.0044 0.734 0.5273 -15.23 54.52
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 5.6762 -0.0016 0.9967 0.1763 -9.02 35.81 5.7215 -0.0002 0.0361 0.0269 -1.07 38.08
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 5.6033 -0.0021 0.8594 0.2688 -9.37 80.88 5.5639 -0.0027 0.4026 0.4081 -12.21 79.33
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 3.1019 0 0.0011 0.1487 0.15 88.95 3.1206 0.0003 0.0516 0.0979 1.2 89.54
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 6.3948 0.0007 0.8564 0.0975 4.07 32.39 6.6306 -0.0002 0.0044 0.0199 -0.86 43.54
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 4.5803 -0.0021 0.9883 0.2383 -11.91 77.17 4.2862 0.0005 0.0149 0.0577 2.9 63
96 TNF-RII 3.3 -2.13 0.1623 -0.0033 0.5812 0.5243 -13.87 83.69 -0.1531 0.0013 0.083 0.2375 5.36 72.18
97 uPA 2.28 2.53 4.0459 -0.0001 0.0246 0.1013 -0.85 79.46 3.884 -0.001 0.13 0.1892 -6.04 70.96
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.4472 -0.0016 0.2282 0.3919 -5 86.14 3.3154 0.0001 0.0003 0.1699 0.24 82.65
100 VEGF-A 4.09 4.94 7.654 -0.002 0.982 0.2176 -6.06 72.26 7.3625 0.0002 0.001 0.1282 0.57 64.51
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Data Blanks Serum low dilution, 4 ◦C Serum low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 2.5814 0.0006 0.2905 0.1312 3.59 58.03 2.5279 0.0008 0.3023 0.0959 4.47 55.27
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S2: Pre-analytical variables linear regression parameters in serum samples, high
dilution.

Data Blanks Serum high dilution, 4 ◦C Serum high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 - - - - - - - - - - - -
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 3.0088 -0.0012 0.7858 0.1682 -5.13 73.1 3.1505 -0.0014 0.0658 0.3315 -5.79 78.17
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 6.7052 0.0019 0.4728 0.3384 7.83 26.75 6.955 -0.0021 0.151 0.4085 -8.43 35.56
12 CA15-3 2.87 -1.56 - - - - - - - - - - - -
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.5668 -0.0011 0.5421 0.1821 -4.39 68.31 -2.4902 -0.001 0.093 0.1318 -4.09 70.95
16 CEA 1.37 5.65 - - - - - - - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - 6.8619 0.0016 0.0872 0.1914 18.06 30.53
19 E-cadherin 2.44 5.61 6.0876 -0.0009 0.9779 0.0974 -4.98 23.08 6.0359 0.0009 0.0832 0.1769 5.05 20.57
20 E-selectin 2.11 1.25 - - - - - - - - - - - -
21 EGF 3.86 5.84 - - - - - - 6.3587 0.0073 0.7764 0.7826 24.52 15.17
22 EGF-R 3.67 -2.28 -0.5398 0.0012 0.7991 0.1515 4.17 54.3 -0.196 -0.0005 0.0057 0.5859 -1.95 65.05
23 Endoglin 1.85 0.65 - - - - - - - - - - - -
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 - - - - - - - - - - - -
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 5.4294 0.0004 1 0.0434 4.64 22.09 - - - - - -
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 - - - - - - - - - - - -
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 - - - - - - - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - 5.8689 -0.0022 0.1903 0.3445 -30.01 47.07
38 HGF 3.7 3.99 - - - - - - - - - - - -
39 HGF-R 3.75 1.35 3.2787 0.0005 0.9976 0.0613 1.96 60.63 3.4888 -0.0014 0.3563 0.1725 -5.12 67.24
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Data Blanks Serum high dilution, 4 ◦C Serum high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 - - - - - - - - - - - -
42 ICAM-1 4.35 -6.8 -5.2738 -0.0013 0.9953 0.1459 -4.08 41.8 -5.0996 -0.004 0.1727 0.4825 -12.66 46.56
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.3085 0.0005 0.3172 0.1051 1.78 78.28 7.4107 -0.0008 0.085 0.1205 -2.98 81.43
45 IGFBP-3 3.28 5.26 7.2676 0.0004 0.9128 0.0474 1.45 67.67 7.233 -0.001 0.4585 0.1205 -3.8 66.5
46 IGFBP-7 3.65 5.86 8.0116 -0.0012 0.9588 0.1483 -4.35 67.34 7.9812 -0.0025 0.3703 0.3191 -8.92 66.39
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 - - - - - - - - - - - -
51 IL-1β 3.12 4.31 - - - - - - - - - - - -
52 IL-1ra 2.24 -0.15 - - - - - - - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 - - - - - - 7.0401 0.0015 0.0662 0.2015 6.9 16.45
61 KLK14 2.82 -0.67 0.658 -0.0087 0.2732 1.9379 -42.58 56.4 0.2243 0.0014 0.0043 0.1674 7 38.01
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 - - - - - - - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 2.0024 0.0002 0.4448 0.0371 0.97 52.99 2.0862 -0.0011 0.0608 0.2531 -4.43 56
74 MMP-9 4.52 5.28 8.1617 0.0007 0.1696 0.1967 1.97 67.54 8.5831 -0.0014 0.0292 0.4204 -3.87 77.43
75 NCAM-1 2.76 4.08 5.6642 0.0005 0.6696 0.0667 2.19 64.06 5.6463 -0.0016 0.4842 0.2115 -7.58 63.33
76 NT-3 2.37 3.96 - - - - - - 4.4277 0.0036 0.0569 0.4923 22.84 26
77 OPN 3.69 5.59 6.2906 -0.0004 0.9541 0.0536 -1.44 20.21 6.4269 0.0009 0.1652 0.1164 2.86 24.14
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 6.5349 -0.0033 0.2517 0.7626 -11.44 24.28 6.4564 0.0028 0.054 0.3288 9.66 21.93
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 4.2236 -0.0021 0.7088 0.3044 -9.74 26.44 - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
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Data Blanks Serum high dilution, 4 ◦C Serum high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

91 THBS-1 3.71 0.26 3.1725 -0.0002 0.0611 0.107 -0.88 91.16 3.1503 0.0012 0.267 0.1426 4.41 90.46
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 - - - - - - - - - - - -
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 3.4995 -0.0014 0.9855 0.1496 -7.51 25.08 - - - - - -
96 TNF-RII 3.3 -2.13 -1.0579 0 0.0001 0.3754 -0.13 39.18 -1.1884 -0.0008 0.1348 0.0906 -3.44 34.42
97 uPA 2.28 2.53 - - - - - - 2.8877 0.0012 0.1087 0.1366 7.26 18.67
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.0816 0.001 0.2389 0.2271 2.95 76.45 3.0723 -0.001 0.0554 0.2298 -3.08 76.21
100 VEGF-A 4.09 4.94 6.1844 -0.001 0.8701 0.13 -3.07 33.18 5.8675 0.0003 0.0017 0.2972 0.84 24.75
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 - - - - - - - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S3: Pre-analytical variables linear regression parameters in citrate samples, low
dilution.

Data Blanks Citrate low dilution, 4 ◦C Citrate low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.4148 -0.0015 0.129 0.2056 -5.74 29.34 2.6749 -0.0034 0.6362 0.4047 -13.47 38.25
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 1.689 0.0028 0.1234 0.4383 11.56 25.95 1.7783 0.0012 0.1014 0.2842 4.88 29.14
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 7.2994 0.0005 0.0538 0.2129 2.2 47.71 7.3902 -0.0016 0.7276 0.1778 -6.63 50.92
12 CA15-3 2.87 -1.56 -0.2761 0.001 0.3505 0.1107 4.74 54.14 -0.1375 -0.0013 0.6604 0.1716 -6.25 60
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.1955 0.0032 0.2429 0.4483 12.67 81.08 -2.0763 0.0021 0.2216 0.2682 8.11 85.19
16 CEA 1.37 5.65 5.9778 -0.0011 0.1685 0.1329 -13.88 35.77 - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 7.3019 -0.0003 0.0222 0.1766 -1.57 82.14 7.2635 -0.0007 0.0296 0.1385 -4.02 80.27
20 E-selectin 2.11 1.25 - - - - - - 2.0518 -0.0017 0.6254 0.1914 -13.93 56.76
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 0.436 -0.0013 0.1066 0.3948 -4.83 84.81 0.3204 -0.0014 0.8722 0.1704 -5.18 81.2
23 Endoglin 1.85 0.65 1.3967 0 0.0002 0.0214 0.21 58.57 1.5201 -0.002 0.8774 0.239 -17.9 68.26
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 5.1441 0.0014 0.0783 0.3053 6.73 31.89 5.2332 -0.0016 0.1847 0.1917 -7.64 35.61
26 FAS-L 1.18 -0.73 -0.3644 0.0009 0.1542 0.1321 13.88 47.07 -0.2104 -0.0004 0.0534 0.1201 -6.54 67.02
28 FGFb 1.24 5.22 5.4817 -0.0008 0.1963 0.1094 -9.62 27.68 5.5005 -0.0022 0.7097 0.2722 -26.77 29.69
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
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Data Blanks Citrate low dilution, 4 ◦C Citrate low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 0.9537 -0.0007 0.0333 0.3795 -3.62 37.4 1.2319 -0.0054 0.9043 0.6019 -27.71 49.91
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 5.7218 -0.0006 0.0649 0.0683 -4.07 17.42 5.7516 -0.0019 0.4625 0.2143 -12.5 19.14
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 4.3992 -0.0006 0.0114 0.1375 -1.85 11.76 4.4611 -0.002 0.1165 0.217 -6.56 13.55
39 HGF-R 3.75 1.35 3.9342 0.0002 0.0013 0.0609 0.67 81.24 4.2291 -0.0035 0.4201 0.38 -12.78 90.51
40 HMGB1 1.11 1.01 1.4043 0.0002 0.0356 0.0294 2.52 46.01 1.4464 -0.0009 0.3729 0.1291 -12.3 50.91
41 HP 2.94 0.72 1.2188 -0.0002 0.0039 0.2953 -0.79 18.38 1.3665 -0.0032 0.9681 0.3539 -13.48 23.79
42 ICAM-1 4.35 -6.8 -4.1081 0.001 0.0061 0.1494 3.05 73.66 -4.0918 -0.0008 0.0041 0.1549 -2.63 74.11
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.6284 -0.0009 0.1807 0.1388 -3.33 88.13 7.5433 0.0002 0.0014 0.2484 0.53 85.51
45 IGFBP-3 3.28 5.26 7.9213 -0.0012 0.2195 0.1767 -4.8 89.65 7.8576 -0.0001 0.0011 0.0109 -0.24 87.51
46 IGFBP-7 3.65 5.86 8.4668 -0.0006 0.0502 0.1088 -2.02 81.6 8.3655 0.0011 0.1454 0.2226 3.86 78.43
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 -2.8894 0.002 0.1184 0.2295 10.55 56.57 -2.8561 0.0013 0.1139 0.202 6.63 58.1
51 IL-1β 3.12 4.31 4.7688 0.0002 0.0006 0.0285 0.75 15.92 4.8965 -0.0015 0.041 0.1697 -5.89 20.39
52 IL-1ra 2.24 -0.15 0.2205 0.0001 0.0014 0.0619 0.78 20.05 0.3201 -0.0014 0.2833 0.1537 -8.61 25.37
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 -2.2316 0.0012 0.056 0.1823 8.55 17.08 -2.0562 -0.0021 0.5724 0.2395 -15.11 28
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - 0.4739 -0.0024 0.2635 0.2787 -13.43 23.98
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 7.2584 -0.0004 0.0102 0.3654 -1.94 25.03 7.2951 -0.002 0.1308 0.2586 -8.99 26.47
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 2.0054 -0.0023 0.2377 0.3151 -15.05 22.27 - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 2.7125 -0.0011 0.1437 0.2635 -4.67 78.46 2.7116 -0.0012 0.2113 0.2261 -5.05 78.43
74 MMP-9 4.52 5.28 7.5632 -0.0014 0.0609 0.2616 -3.72 53.49 7.6307 -0.0024 0.2641 0.4306 -6.51 55.07
75 NCAM-1 2.76 4.08 5.9683 -0.003 0.4723 0.3995 -13.91 76.32 5.8735 -0.0032 0.3629 0.3471 -14.75 72.49
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 7.8084 -0.0005 0.0577 0.0772 -1.72 64 7.8369 -0.0014 0.4975 0.1578 -4.5 64.82
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 6.0651 0.0014 0.1646 0.165 4.73 10.23 - - - - - -
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Data Blanks Citrate low dilution, 4 ◦C Citrate low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

80 PRL 0.83 1.43 1.7639 -0.0002 0.023 0.1277 -4.21 56.37 1.7922 -0.0005 0.3532 0.0816 -10.39 61.08
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 2.3184 0.0002 0.0673 0.029 2.53 36.92 2.3823 -0.0013 0.3843 0.1769 -18 44.37
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.8359 0.0018 0.1337 0.2815 6.63 80.64 3.0728 -0.0006 0.0389 0.2431 -2.18 88.04
92 Tie-2 1.35 1.56 1.909 -0.0009 0.0972 0.1686 -9.66 33.06 2.0111 -0.0027 0.469 0.3444 -29.35 42.86
93 TIMP-1 2.51 5.71 - - - - - - - - - - - -
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 4.2581 0.0004 0.0053 0.0542 2.06 61.64 4.2289 -0.0003 0.006 0.0582 -1.77 60.24
96 TNF-RII 3.3 -2.13 0.2521 0.0001 0.0008 0.1191 0.31 86.96 0.2631 0.0008 0.1597 0.0979 3.35 87.36
97 uPA 2.28 2.53 3.8478 -0.0003 0.0243 0.1748 -1.8 69.07 3.7015 0.0006 0.0762 0.1421 3.77 61.39
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.5284 -0.0005 0.0423 0.1972 -1.55 88.29 3.5859 -0.0025 0.8439 0.2929 -7.68 89.81
100 VEGF-A 4.09 4.94 5.6847 -0.0019 0.146 0.3219 -5.69 19.89 5.4819 -0.0009 0.2679 0.1234 -2.85 14.5
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 2.6403 0.0015 0.12 0.1672 9.1 61.07 2.7196 -0.0007 0.0383 0.1099 -4.22 65.15
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S4: Pre-analytical variables linear regression parameters in citrate samples, high
dilution.

Data Blanks Citrate high dilution, 4 ◦C Citrate high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 - - - - - - - - - - - -
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 - - - - - - - - - - - -
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 6.7684 -0.0013 0.4115 0.194 -5.37 28.98 6.7482 -0.0012 0.1059 0.1369 -4.8 28.27
12 CA15-3 2.87 -1.56 -0.9345 -0.0017 0.1394 0.336 -8.47 26.33 -0.9458 0.0002 0.016 0.0567 0.82 25.85
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.6174 0.0001 0.0002 0.3479 0.22 66.57 -2.7247 -0.0004 0.0037 0.2529 -1.56 62.88
16 CEA 1.37 5.65 - - - - - - - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
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Data Blanks Citrate high dilution, 4 ◦C Citrate high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

19 E-cadherin 2.44 5.61 5.9506 0.0015 0.422 0.1762 8.53 16.42 6.1447 -0.001 0.0776 0.1707 -5.34 25.86
20 E-selectin 2.11 1.25 - - - - - - - - - - - -
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 -0.4273 0.0007 0.0199 0.2689 2.47 57.82 -0.4832 -0.0024 0.0923 0.3771 -8.5 56.07
23 Endoglin 1.85 0.65 - - - - - - - - - - - -
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 - - - - - - - - - - - -
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 - - - - - - - - - - - -
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 - - - - - - - - - - - -
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 - - - - - - - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 - - - - - - - - - - - -
39 HGF-R 3.75 1.35 2.9387 -0.0011 0.0294 0.3782 -3.82 49.94 3.2636 -0.0056 0.5834 0.607 -20.19 60.15
40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 - - - - - - - - - - - -
42 ICAM-1 4.35 -6.8 -5.2758 0.0008 0.0411 0.1945 2.49 41.75 -4.7307 -0.0076 0.3132 1.0869 -23.84 56.65
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.3007 0.0005 0.2297 0.075 1.88 78.04 7.3399 -0.0001 0.0138 0.0837 -0.48 79.25
45 IGFBP-3 3.28 5.26 7.4062 -0.0002 0.0529 0.0927 -0.7 72.33 7.3837 -0.0006 0.1609 0.1044 -2.44 71.57
46 IGFBP-7 3.65 5.86 7.6393 0.0012 0.4227 0.1731 4.45 55.67 7.8212 -0.0018 0.2119 0.3307 -6.63 61.37
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 - - - - - - - - - - - -
51 IL-1β 3.12 4.31 - - - - - - - - - - - -
52 IL-1ra 2.24 -0.15 - - - - - - - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 - - - - - - - - - - - -
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
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Data Blanks Citrate high dilution, 4 ◦C Citrate high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

70 MIP-1α 2.09 1.61 - - - - - - - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 1.8705 0.0009 0.0856 0.1003 3.65 48.26 2.1801 -0.0024 0.1417 0.2817 -9.7 59.37
74 MMP-9 4.52 5.28 7.4702 0.0002 0.0064 0.1529 0.46 51.31 7.5077 0.0008 0.012 0.6249 2.17 52.19
75 NCAM-1 2.76 4.08 5.3485 -0.0001 0.0022 0.193 -0.6 51.32 5.3376 -0.0009 0.1808 0.14 -4.08 50.88
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 6.7034 0.0011 0.315 0.1207 3.57 32.12 6.9821 -0.0018 0.0713 0.4255 -5.96 40.16
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 - - - - - - - - - - - -
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.8905 0.0017 0.1337 0.4693 6.09 82.34 3.1071 -0.0047 0.2431 0.5516 -16.71 89.11
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 - - - - - - - - - - - -
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 - - - - - - - - - - - -
96 TNF-RII 3.3 -2.13 -1.4702 0.0001 0.001 0.1261 0.43 24.14 -1.3426 -0.0024 0.3393 0.3107 -9.87 28.8
97 uPA 2.28 2.53 - - - - - - - - - - - -
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.0141 -0.0014 0.3716 0.1847 -4.11 74.67 2.8188 0.0004 0.0767 0.1358 1.17 69.49
100 VEGF-A 4.09 4.94 - - - - - - - - - - - -
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 - - - - - - - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S5: Pre-analytical variables linear regression parameters in heparin samples, low
dilution.

Data Blanks Heparin low dilution, 4 ◦C Heparin low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.5148 -0.0017 0.494 0.2002 -6.8 32.76 2.2572 0.0006 0.1095 0.0762 2.27 32.76
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 1.8561 0.0037 0.2258 0.6964 15.38 31.92 1.4729 0.0065 0.6734 0.7386 26.65 31.92
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
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Data Blanks Heparin low dilution, 4 ◦C Heparin low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 7.6788 -0.0006 0.2119 0.088 -2.33 61.1 7.5826 0.0012 0.3327 0.2047 4.73 61.1
12 CA15-3 2.87 -1.56 0.0407 -0.0012 0.0975 0.1879 -6.01 67.53 -0.0226 -0.0013 0.0826 0.4866 -6.39 67.53
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.4221 -0.001 0.131 0.108 -3.89 73.29 -2.3712 -0.0006 0.0833 0.2233 -2.42 73.29
16 CEA 1.37 5.65 6.0147 -0.0008 0.1732 0.1123 -10.37 39.85 5.9629 0 0.0002 0.0758 0.31 39.85
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 6.7742 0.0001 0.0067 0.0159 0.32 56.48 6.8758 -0.0006 0.1511 0.0736 -3.56 56.48
20 E-selectin 2.11 1.25 2.2397 -0.0019 0.3784 0.2086 -15.47 70.1 2.0845 0.0002 0.0023 0.2599 1.23 70.1
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 0.3913 -0.0008 0.5381 0.093 -2.83 83.42 0.4087 0.0006 0.1398 0.0921 2.26 83.42
23 Endoglin 1.85 0.65 1.6231 -0.0003 0.0493 0.0954 -2.66 76.33 1.6051 -0.0009 0.3022 0.1012 -8.52 76.33
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 5.4003 -0.0017 0.1433 0.1875 -8.27 42.58 5.2938 0.0011 0.0463 0.2662 5.31 42.58
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 5.5483 -0.0008 0.1229 0.1188 -10.19 34.81 5.4535 0.0007 0.2103 0.1094 8.98 34.81
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 0.8596 0.0005 0.0499 0.1776 2.35 33.18 0.819 0.0012 0.2168 0.149 6.34 33.18
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 5.7494 -0.0008 0.0841 0.1052 -5.04 19.02 - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 4.4673 -0.0013 0.0327 0.2787 -4.18 13.73 4.2388 0.0047 0.1923 0.5154 15.58 13.73
39 HGF-R 3.75 1.35 4.1306 -0.0009 0.0623 0.1676 -3.07 87.42 4.1208 -0.0007 0.055 0.3328 -2.39 87.42
40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 1.2522 -0.0006 0.0391 0.0965 -2.5 19.6 1.1287 -0.0004 0.0195 0.1038 -1.72 19.6
42 ICAM-1 4.35 -6.8 -3.9579 -0.0012 0.0071 0.1777 -3.71 77.77 -3.934 -0.0019 0.0205 0.2454 -6.12 77.77
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.4403 -0.0001 0.0003 0.404 -0.34 82.34 7.4504 0.0004 0.0125 0.2329 1.34 82.34
45 IGFBP-3 3.28 5.26 8.0946 -0.0009 0.2128 0.1266 -3.56 95.47 8.0368 -0.0001 0.0033 0.1472 -0.5 95.47
46 IGFBP-7 3.65 5.86 8.5255 -0.0011 0.2596 0.1267 -4.13 83.44 8.4412 0.0001 0.0042 0.1006 0.41 83.44
47 IL-10 3 7.75 8.2014 -0.0013 0.0337 0.1804 -6.13 18.91 8.0762 0.0015 0.0651 0.1665 7.24 18.91
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 -2.773 -0.0002 0.0039 0.0385 -1.1 61.92 -2.7668 0.0004 0.0455 0.0668 2.19 61.92
51 IL-1β 3.12 4.31 4.7486 -0.0007 0.0086 0.0823 -2.79 15.21 4.6648 0.001 0.0153 0.1076 3.89 15.21
52 IL-1ra 2.24 -0.15 - - - - - - - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 5.9873 -0.0017 0.3046 0.2148 -18.51 47.87 - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
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Data Blanks Heparin low dilution, 4 ◦C Heparin low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

60 IP-10 3.05 6.62 7.6259 -0.0028 0.3126 0.3864 -12.78 39.46 7.4898 -0.0007 0.0191 0.4971 -3.34 39.46
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 2.1028 -0.0015 0.0449 0.2692 -9.51 27.77 1.9749 0.0009 0.0206 0.1445 6.11 27.77
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 2.6899 0.0004 0.3229 0.0648 1.7 77.66 2.7767 0 0 0.1229 0.03 77.66
74 MMP-9 4.52 5.28 7.4962 -0.0008 0.0121 0.5731 -2.11 51.92 7.1355 0.003 0.2501 0.3513 8.04 51.92
75 NCAM-1 2.76 4.08 6.3314 -0.0006 0.0233 0.074 -2.64 90.96 6.2839 -0.0002 0.0037 0.0776 -0.85 90.96
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 8.0225 -0.0016 0.2185 0.2044 -5.36 70.18 7.936 -0.0003 0.0092 0.2472 -1.04 70.18
78 PAI-1 1.8 2.55 2.9216 0 0.0006 0.1006 -0.32 25.23 2.9442 0.0009 0.251 0.1216 6.94 25.23
79 PDGF-BB 3.59 5.72 - - - - - - - - - - - -
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 5.568 0.0026 0.3459 0.3451 15 30.38 5.8891 0 0 0.0137 -0.05 30.38
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 3.978 0.0045 0.4118 0.5987 20.31 16.74 3.8871 0.004 0.8876 0.5006 18.31 16.74
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.8952 -0.0004 0.3739 0.041 -1.36 82.49 2.8739 0.0002 0.0198 0.1466 0.84 82.49
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 6.5297 -0.0003 0.0158 0.1067 -1.4 38.77 6.5282 0.0009 0.0748 0.1233 5.06 38.77
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 4.4199 -0.0013 0.1841 0.1533 -6.93 69.44 4.397 -0.0009 0.0612 0.1596 -4.78 69.44
96 TNF-RII 3.3 -2.13 0.0581 -0.0017 0.236 0.2438 -7.17 79.89 0.0177 0.0003 0.0064 0.3405 1.19 79.89
97 uPA 2.28 2.53 3.8027 -0.0012 0.1766 0.1615 -7.39 66.7 3.769 -0.0016 0.2998 0.1869 -9.42 66.7
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.479 -0.0003 0.0074 0.1968 -0.95 86.98 3.6376 -0.0026 0.6771 0.3256 -8.03 86.98
100 VEGF-A 4.09 4.94 5.9526 0 0 0.3989 0.09 27.02 5.6688 0.0024 0.434 0.2948 7.24 27.02
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 2.473 -0.0002 0.0035 0.1262 -0.98 52.44 - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -
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Table I.S6: Pre-analytical variables linear regression parameters in heparin samples, high
dilution.

Data Blanks Heparin high dilution, 4 ◦C Heparin high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 - - - - - - - - - - - -
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 1.1629 0.0041 0.4713 0.5964 16.84 7.15 1.0339 0.0043 0.6485 0.4844 17.59 2.55
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 6.8711 0.0005 0.0211 0.156 1.88 32.6 6.8201 0.0017 0.3155 0.2197 6.91 30.8
12 CA15-3 2.87 -1.56 -1.0225 0.0007 0.0592 0.154 3.54 22.62 -1.0284 0.0022 0.3371 0.2694 10.68 22.37
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.7724 0.0029 0.71 0.3723 11.44 61.24 -2.5163 -0.0008 0.3213 0.1205 -3.19 70.05
16 CEA 1.37 5.65 - - - - - - - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 5.9362 0.0012 0.3825 0.1455 6.67 15.71 - - - - - -
20 E-selectin 2.11 1.25 - - - - - - - - - - - -
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 -0.452 0.0007 0.0586 0.2286 2.5 57.05 -0.5129 0.0012 0.1086 0.1561 4.27 55.14
23 Endoglin 1.85 0.65 - - - - - - - - - - - -
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 - - - - - - - - - - - -
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 - - - - - - - - - - - -
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 - - - - - - - - - - - -
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 - - - - - - - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 5.8338 0.0001 0.0029 0.0238 1.59 42.94 5.7939 0.0012 0.3183 0.1357 16.44 38.26
38 HGF 3.7 3.99 - - - - - - - - - - - -
39 HGF-R 3.75 1.35 3.2212 -0.0004 0.0181 0.1738 -1.55 58.82 3.1601 0.0003 0.0098 0.0345 1.05 56.9
40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 - - - - - - - - - - - -
42 ICAM-1 4.35 -6.8 -5.1646 -0.0003 0.0022 0.2168 -0.98 44.79 -5.3037 0.0009 0.0101 0.1042 2.79 40.98
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.2003 -0.0012 0.2802 0.1663 -4.25 74.95 7.1438 0.0001 0.0019 0.0154 0.47 73.21
45 IGFBP-3 3.28 5.26 7.4524 0 0.0004 0.0014 -0.05 73.88 7.4388 0 0.0001 0.0223 -0.03 73.42
46 IGFBP-7 3.65 5.86 7.8793 0.0003 0.0212 0.2084 1.26 63.19 7.8673 0.0006 0.0814 0.116 2.31 62.82
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
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Table I.S6 continued from previous page

Data Blanks Heparin high dilution, 4 ◦C Heparin high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

50 IL-18 2.91 -4.12 - - - - - - - - - - - -
51 IL-1β 3.12 4.31 - - - - - - - - - - - -
52 IL-1ra 2.24 -0.15 - - - - - - - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 - - - - - - - - - - - -
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 - - - - - - - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 1.7874 0.0033 0.8265 0.3648 13.63 45.28 1.8082 0.0021 0.245 0.2438 8.51 46.03
74 MMP-9 4.52 5.28 8.4183 -0.0022 0.1071 0.5246 -5.81 73.56 7.5909 0.0064 0.7677 0.7989 17.3 54.14
75 NCAM-1 2.76 4.08 5.5318 -0.0002 0.0173 0.1346 -1.15 58.71 5.4155 0.0006 0.0337 0.1137 2.77 54.02
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 6.74 -0.0004 0.0122 0.2128 -1.34 33.18 6.677 0.0008 0.0275 0.0866 2.62 31.36
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 - - - - - - - - - - - -
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.6855 0.0023 0.2054 0.454 8.17 75.94 2.7172 0.0019 0.3293 0.2458 6.99 76.93
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 - - - - - - - - - - - -
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 - - - - - - - - - - - -
96 TNF-RII 3.3 -2.13 -1.3151 0.0009 0.1822 0.1925 3.96 29.8 -1.3408 0.0017 0.724 0.2148 7.23 28.86
97 uPA 2.28 2.53 - - - - - - - - - - - -
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.1752 -0.0011 0.6813 0.1305 -3.42 78.93 3.0168 0.0017 0.5463 0.1924 5.31 74.74
100 VEGF-A 4.09 4.94 - - - - - - - - - - - -
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Data Blanks Heparin high dilution, 4 ◦C Heparin high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 - - - - - - - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S7: Pre-analytical variables linear regression parameters in EDTA samples, low
dilution.

Data Blanks EDTA low dilution, 4 ◦C EDTA low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.5508 0.0005 0.0741 0.0735 2.11 34 2.5437 -0.0021 0.1668 0.3349 -8.28 33.75
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 3.5447 0.0025 0.7389 0.284 34.99 26.9 - - - - - -
4 Amphiregulin 2.28 4.01 4.2942 0.0009 0.065 0.1513 5.1 14.69 - - - - - -
5 Ang1 3.33 0.96 1.4405 0.0011 0.0172 0.4956 4.6 17.08 1.1948 0.003 0.1028 0.3741 12.13 8.3
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 2.6082 0.003 0.0936 0.4642 18.89 37.23 2.5063 0.002 0.0749 0.4165 12.69 31.61
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 7.7847 0.0002 0.0184 0.0523 0.85 64.84 7.7165 0.0021 0.0959 0.4515 8.62 62.43
12 CA15-3 2.87 -1.56 0.0179 0.0015 0.0693 0.3691 7.47 66.56 0.0172 -0.0018 0.0392 0.256 -8.81 66.53
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.6437 0.0037 0.3941 0.5058 14.68 65.67 -2.573 0.0019 0.2753 0.3257 7.56 68.1
16 CEA 1.37 5.65 6.1116 -0.0017 0.1109 0.365 -21.55 50.56 - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 7.5563 -0.0025 0.4885 0.2831 -14.11 94.52 7.396 -0.003 0.5141 0.4332 -16.58 86.72
20 E-selectin 2.11 1.25 1.8999 0.0008 0.313 0.1312 6.42 45.98 - - - - - -
21 EGF 3.86 5.84 - - - - - - 6.2117 0.0034 0.0971 0.5739 11.46 10.87
22 EGF-R 3.67 -2.28 0.5618 -0.0022 0.4939 0.2821 -7.81 88.75 0.4489 0.0009 0.0322 0.2295 3.08 85.22
23 Endoglin 1.85 0.65 1.6246 0.0003 0.019 0.1113 2.43 76.45 1.6756 -0.001 0.0858 0.1143 -8.68 80.45
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 5.4173 0.0017 0.0508 0.2485 8.01 43.29 5.3562 -0.0007 0.004 0.2755 -3.5 40.74
26 FAS-L 1.18 -0.73 -0.4111 0.0019 0.28 0.266 28.04 41.02 -0.4209 0.001 0.0628 0.2555 14.29 39.74
28 FGFb 1.24 5.22 5.5371 0.0006 0.0897 0.1494 7.89 33.61 5.4483 0.0003 0.0083 0.0827 3.31 24.11
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 0.9115 0.0024 0.6673 0.2742 12.31 35.51 0.9619 0.0012 0.1155 0.1328 6.26 37.77
32 GM-CSF 1.87 5.53 - - - - - - 5.5979 0.0076 0.6273 0.8466 64.49 4.88
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 5.7284 0.0004 0.0209 0.1473 2.55 17.81 5.6694 0.0009 0.0825 0.1751 6.18 14.39
35 HE4 0.81 4.23 4.5893 -0.0012 0.2182 0.1507 -24.43 64.28 - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 4.6339 0.0012 0.0283 0.2447 3.84 18.56 4.5887 0.0001 0.0002 0.0396 0.33 17.25
39 HGF-R 3.75 1.35 4.26 -0.0009 0.1731 0.1614 -3.33 91.49 4.2509 0.0012 0.2054 0.3037 4.39 91.2
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Data Blanks EDTA low dilution, 4 ◦C EDTA low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

40 HMGB1 1.11 1.01 1.2755 0.0005 0.0886 0.1323 6.93 31.02 1.2175 0.0014 0.2646 0.2103 18.85 24.26
41 HP 2.94 0.72 1.1776 0.001 0.3433 0.1149 4.09 16.87 1.4278 -0.0028 0.2591 0.4964 -11.66 26.04
42 ICAM-1 4.35 -6.8 -4.1261 0 0 0.3549 -0.08 73.17 -3.9765 -0.003 0.1828 0.4368 -9.55 77.26
43 IFN-γ 1.63 1.13 1.4939 0.0006 0.2218 0.0855 5.79 30.11 - - - - - -
44 IGFBP-1 3.52 4.77 7.4957 0.0009 0.0941 0.2911 3.17 84.04 7.2248 0.0021 0.2504 0.3622 7.42 75.7
45 IGFBP-3 3.28 5.26 8.0875 -0.0009 0.3847 0.1411 -3.58 95.24 7.9228 0.0003 0.0097 0.1293 0.98 89.7
46 IGFBP-7 3.65 5.86 8.6754 -0.002 0.1777 0.3367 -7.32 88.14 8.5567 -0.0011 0.0285 0.5091 -3.88 84.42
47 IL-10 3 7.75 8.2625 -0.0011 0.017 0.2737 -5.32 21.5 8.009 0.0008 0.0095 0.1837 4.05 10.79
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 -2.7943 0.0022 0.2697 0.2805 11.74 60.94 -2.8753 0.0027 0.5176 0.3823 14.17 57.22
51 IL-1β 3.12 4.31 4.7861 0.0019 0.0306 0.306 7.75 16.52 4.8402 0.0029 0.0567 0.32 11.57 18.42
52 IL-1ra 2.24 -0.15 0.042 0.0013 0.3952 0.1473 8.21 10.51 -0.0087 0.0026 0.8035 0.3145 15.7 7.81
53 IL-2 2.27 5.78 6.0121 0.0015 0.2037 0.1913 8.85 12.4 5.9407 0.0041 0.2943 0.4709 24.96 8.64
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - 3.9374 0.0029 0.2477 0.3472 33.42 22.5
56 IL-5 1.48 5.49 5.8302 0.0013 0.3016 0.1797 14.39 32.89 5.7028 0.0015 0.1315 0.2237 16.96 20.75
58 IL-7 2.47 -0.02 0.1998 0.0025 0.26 0.3265 14.05 10.63 - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 7.7369 -0.0005 0.0045 0.2415 -2.23 43.82 7.8231 -0.0055 0.1768 0.7716 -24.66 47.21
61 KLK14 2.82 -0.67 0.2473 -0.0007 0.0101 0.3337 -3.56 38.99 0.2461 -0.004 0.1616 0.5361 -19.41 38.94
62 KLK8 0.79 5.1 5.3392 0.0003 0.0855 0.0399 5.99 41.73 - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - 5.5934 0.0037 0.8873 0.4031 58.32 8.55
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 2.1723 -0.0005 0.0165 0.1476 -3.42 31.69 2.103 -0.0004 0.0045 0.1009 -2.69 27.77
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 3.2271 0.0007 0.0121 0.1002 5.18 29.41 3.2641 0.0013 0.0428 0.1892 10.25 31.86
73 MMP-3 3.57 0.52 2.8371 -0.0004 0.0299 0.0508 -1.48 82.93 2.9899 -0.0001 0.0001 0.2818 -0.23 88.42
74 MMP-9 4.52 5.28 8.3333 -0.0008 0.0552 0.1249 -2.14 71.57 8.3708 0.0015 0.0504 0.2342 4.18 72.45
75 NCAM-1 2.76 4.08 6.0679 0.0008 0.055 0.1 3.53 80.34 6.0515 -0.002 0.0514 0.3 -9.09 79.67
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 8.2854 -0.001 0.3694 0.1405 -3.36 77.77 8.2273 -0.0004 0.0084 0.3317 -1.32 76.09
78 PAI-1 1.8 2.55 3.1618 0.0005 0.042 0.0593 3.49 41.34 3.1359 0.0013 0.1812 0.1764 9.89 39.61
79 PDGF-BB 3.59 5.72 6.5443 0.0007 0.006 0.7173 2.28 24.56 6.2412 0.0011 0.055 0.1488 3.73 15.49
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 5.4836 0.0003 0.0069 0.2877 1.52 26.14 5.4405 0.0005 0.0273 0.1438 3.02 23.98
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - 4.3787 0.0036 0.1039 0.5218 21.65 13.46
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 4.3898 0 0.0001 0.1972 -0.12 32.99 4.5031 -0.0034 0.5525 0.4112 -15.34 37.46
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
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Data Blanks EDTA low dilution, 4 ◦C EDTA low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

91 THBS-1 3.71 0.26 2.4678 0.0039 0.2796 0.6374 14.08 69.14 2.572 0.0033 0.4078 0.5022 11.87 72.39
92 Tie-2 1.35 1.56 1.9271 -0.0002 0.0008 0.453 -1.97 34.79 - - - - - -
93 TIMP-1 2.51 5.71 6.7042 -0.002 0.5439 0.2287 -10.69 47.02 6.4279 0.0069 0.9079 0.7456 37.45 33.96
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 4.2325 0.0015 0.1228 0.2114 8.05 60.41 4.2748 -0.0004 0.0203 0.0498 -2.33 62.45
96 TNF-RII 3.3 -2.13 -0.249 0.0031 0.253 0.5212 13.18 68.69 0.0228 -0.0011 0.0408 0.1373 -4.5 78.6
97 uPA 2.28 2.53 3.7964 -0.0011 0.2777 0.1519 -6.55 66.36 3.6954 -0.0005 0.0456 0.1399 -3.31 61.06
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.4541 0.0021 0.2503 0.2932 6.25 86.32 3.511 -0.0013 0.059 0.1951 -4.08 87.83
100 VEGF-A 4.09 4.94 6.1572 -0.0021 0.0772 0.5823 -6.42 32.46 5.789 -0.002 0.0665 0.2988 -6.13 22.66
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 2.2225 0.002 0.1585 0.2942 11.79 39.53 - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S8: Pre-analytical variables linear regression parameters in EDTA samples, high
dilution.

Data Blanks EDTA high dilution, 4 ◦C EDTA high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 - - - - - - 2.2395 -0.0031 0.799 0.3608 -12.03 23.33
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 - - - - - - - - - - - -
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 6.8041 -0.0007 0.0203 0.1973 -2.95 30.24 6.7957 0.0012 0.0657 0.1568 5.02 29.94
12 CA15-3 2.87 -1.56 -0.6451 -0.0011 0.0867 0.1971 -5.32 38.56 -0.7129 0.0001 0.0004 0.0101 0.37 35.69
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.3737 -0.0012 0.0311 0.1324 -4.59 74.95 -2.2911 -0.0021 0.7533 0.2588 -8.43 77.8
16 CEA 1.37 5.65 - - - - - - - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 6.1191 0.0001 0.0017 0.015 0.4 24.61 6.2739 -0.0018 0.8582 0.2061 -9.9 32.14
20 E-selectin 2.11 1.25 - - - - - - - - - - - -
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 -0.5952 0.0009 0.0532 0.122 3.39 52.57 -0.4838 0.0006 0.0093 0.17 2.03 56.05
23 Endoglin 1.85 0.65 - - - - - - - - - - - -
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 - - - - - - - - - - - -
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 - - - - - - - - - - - -
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
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Data Blanks EDTA high dilution, 4 ◦C EDTA high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 - - - - - - - - - - - -
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 - - - - - - - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 - - - - - - - - - - - -
39 HGF-R 3.75 1.35 3.1145 0.0007 0.0747 0.1286 2.57 55.46 3.3104 -0.0014 0.0448 0.3179 -4.94 61.63
40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 - - - - - - 0.9708 -0.0006 0.3306 0.0913 -2.63 9.29
42 ICAM-1 4.35 -6.8 -5.3833 -0.0017 0.0943 0.4188 -5.35 38.81 -5.1729 0.0001 0.0001 0.1944 0.24 44.56
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.0636 0.0015 0.0144 0.9346 5.43 70.74 7.2774 0.0023 0.3985 0.3289 8.28 77.32
45 IGFBP-3 3.28 5.26 7.3413 -0.0008 0.0719 0.1327 -3.28 70.15 7.1769 0.0011 0.4027 0.1268 4.32 64.62
46 IGFBP-7 3.65 5.86 7.9352 -0.0007 0.0275 0.2653 -2.36 64.94 7.97 0.0001 0.0009 0.3156 0.53 66.03
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 - - - - - - -3.3936 -0.0026 0.7626 0.3064 -13.85 33.4
51 IL-1β 3.12 4.31 - - - - - - - - - - - -
52 IL-1ra 2.24 -0.15 - - - - - - - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 - - - - - - - - - - - -
61 KLK14 2.82 -0.67 - - - - - - 0.4457 -0.0071 0.1403 0.7656 -34.81 47.4
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 - - - - - - - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 2.0505 0.0005 0.0546 0.107 2.16 54.72 2.0365 0.0021 0.3165 0.2307 8.82 54.22
74 MMP-9 4.52 5.28 8.5138 -0.003 0.1552 0.6721 -8.07 75.81 8.2163 0.0018 0.1275 0.2587 4.73 68.82
75 NCAM-1 2.76 4.08 5.0345 0.0004 0.0056 0.2797 1.69 38.66 5.1184 -0.0007 0.013 0.2329 -3.09 42.04
76 NT-3 2.37 3.96 - - - - - - 4.5699 -0.0051 0.2181 0.6504 -32.47 33.9
77 OPN 3.69 5.59 7.0005 -0.0012 0.0468 0.1773 -3.99 40.69 6.7237 0.0022 0.12 0.2386 7.18 32.71
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 - - - - - - 6.4011 -0.004 0.2251 0.4797 -13.86 20.28
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Data Blanks EDTA high dilution, 4 ◦C EDTA high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.9019 0.0015 0.0452 0.2995 5.38 82.7 2.8919 -0.0003 0.0019 0.3174 -1.23 82.39
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 - - - - - - - - - - - -
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 - - - - - - 3.5543 -0.0025 0.9394 0.267 -13.64 27.72
96 TNF-RII 3.3 -2.13 -1.0808 0.0003 0.005 0.0878 1.4 38.34 -0.9914 -0.0002 0.0024 0.1219 -0.93 41.61
97 uPA 2.28 2.53 - - - - - - - - - - - -
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.106 0.0004 0.036 0.0435 1.17 77.1 3.2668 -0.0005 0.0179 0.0605 -1.52 81.36
100 VEGF-A 4.09 4.94 - - - - - - - - - - - -
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 - - - - - - - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S9: Pre-analytical variables linear regression parameters in EDTAFilt samples, low
dilution.

Data Blanks EDTAFilt low dilution, 4 ◦C EDTAFilt low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.4393 -0.0006 0.0095 0.373 -2.37 30.17 2.398 0.0007 0.0209 0.3875 2.72 28.76
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - 4.3728 -0.0003 0.0084 0.0959 -1.91 18.7
5 Ang1 3.33 0.96 1.1895 0.0055 0.2489 0.6806 22.74 8.11 1.3982 0.0017 0.0344 0.2596 6.92 15.56
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 2.8883 -0.0049 0.2255 0.6309 -31.14 52.67 2.814 0 0 0.0228 0.22 48.58
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 7.5911 0.0015 0.1324 0.2059 6.21 58.01 7.7745 0 0.0001 0.0407 -0.11 64.48
12 CA15-3 2.87 -1.56 -0.0786 -0.0011 0.0101 0.1469 -5.22 62.49 -0.0423 -0.0027 0.1658 0.3151 -13 64.02
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.2598 -0.0032 0.2677 0.3724 -12.57 78.87 -2.2255 0.0003 0.0048 0.0947 1.13 80.05
16 CEA 1.37 5.65 - - - - - - 5.9192 0.0011 0.3458 0.1433 13.49 29.29
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
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Data Blanks EDTAFilt low dilution, 4 ◦C EDTAFilt low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

19 E-cadherin 2.44 5.61 7.1286 0.002 0.1399 0.2514 11.22 73.72 7.0296 0.0028 0.2461 0.406 15.61 68.9
20 E-selectin 2.11 1.25 - - - - - - 1.9556 -0.0001 0.0023 0.0753 -0.43 49.93
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 0.3609 0.0012 0.2497 0.1264 4.21 82.47 0.3689 0.0006 0.0798 0.0805 2.18 82.72
23 Endoglin 1.85 0.65 1.5731 -0.0013 0.1134 0.1562 -11.64 72.41 1.4725 0.0006 0.0572 0.1225 5.32 64.52
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 5.2878 -0.0006 0.0024 0.0964 -2.99 37.89 5.4938 -0.0015 0.0267 0.175 -7.06 46.48
26 FAS-L 1.18 -0.73 -0.1206 -0.0028 0.6931 0.3163 -41.42 78.67 -0.2153 -0.0011 0.0755 0.1325 -16.44 66.39
28 FGFb 1.24 5.22 5.455 0.0007 0.0258 0.1622 8.63 24.82 5.4979 0.0011 0.1214 0.1284 13.06 29.42
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 1.0288 -0.0006 0.018 0.0812 -2.86 40.78 0.9572 0.0015 0.2672 0.2444 7.97 37.56
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 5.6529 0.0006 0.0154 0.1339 3.74 13.44 5.7769 -0.0002 0.0081 0.0185 -1.08 20.61
35 HE4 0.81 4.23 4.5468 -0.0001 0.001 0.0801 -2.21 56.72 4.4495 0.001 0.4732 0.1313 19.87 39.41
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - 5.9113 -0.0018 0.1476 0.257 -24.08 52.05
38 HGF 3.7 3.99 4.7095 -0.0008 0.0082 0.1685 -2.71 20.75 4.6785 -0.0002 0.0012 0.1733 -0.8 19.85
39 HGF-R 3.75 1.35 4.385 -0.0027 0.647 0.3238 -9.61 95.42 4.3682 -0.0004 0.025 0.1969 -1.45 94.89
40 HMGB1 1.11 1.01 1.3725 -0.0004 0.0632 0.0815 -5.98 42.31 1.2641 0.0009 0.4943 0.1143 12.45 29.69
41 HP 2.94 0.72 1.2176 0.0005 0.0292 0.077 2.09 18.33 1.4006 -0.0012 0.0739 0.3712 -5.08 25.04
42 ICAM-1 4.35 -6.8 -4.0419 0.0021 0.0399 0.431 6.52 75.47 -4.0451 -0.0001 0 0.0677 -0.2 75.38
43 IFN-γ 1.63 1.13 1.5772 -0.0016 0.307 0.2198 -15.39 36.92 - - - - - -
44 IGFBP-1 3.52 4.77 7.2819 0.0011 0.0523 0.2832 3.97 77.46 7.4903 0.0013 0.3902 0.1643 4.68 83.88
45 IGFBP-3 3.28 5.26 7.8495 0.0017 0.2779 0.2798 6.39 87.23 7.9941 0.0005 0.1043 0.0676 1.76 92.1
46 IGFBP-7 3.65 5.86 8.2834 0.0038 0.4118 0.4222 13.53 75.86 8.4943 0.0004 0.02 0.1915 1.41 82.47
47 IL-10 3 7.75 8.1162 -0.0009 0.0064 0.3404 -4.32 15.32 8.0813 0.0011 0.0177 0.123 5.54 13.84
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 -2.5073 -0.003 0.5818 0.3849 -15.68 74.12 -2.8189 0.002 0.1579 0.5222 10.33 59.81
51 IL-1β 3.12 4.31 4.9782 -0.0014 0.0162 0.2207 -5.72 23.25 4.9347 -0.0008 0.0107 0.2198 -3.37 21.73
52 IL-1ra 2.24 -0.15 0.208 -0.0011 0.5118 0.1457 -6.84 19.38 0.1724 0.0002 0.0095 0.1526 0.94 17.48
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - 5.9953 -0.0003 0.0099 0.0426 -2.89 48.63
58 IL-7 2.47 -0.02 0.4585 -0.0021 0.1894 0.3121 -11.82 23.23 - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 7.4092 -0.0016 0.0143 0.2142 -7.13 30.95 7.5952 -0.0027 0.1388 0.383 -12 38.26
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 5.2646 0.0016 0.3856 0.2361 32.73 28.69 5.3472 0.0009 0.0955 0.2978 18.22 43.13
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
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Data Blanks EDTAFilt low dilution, 4 ◦C EDTAFilt low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

70 MIP-1α 2.09 1.61 2.0909 0.002 0.0692 0.3776 12.94 27.09 2.0401 0.0009 0.0196 0.0943 5.55 24.23
71 MIP-1β 1.14 6.24 6.1882 0.0048 0.9046 0.5496 73.03 0 - - - - - -
72 MMP-1 1.86 2.78 3.2475 0.0008 0.0158 0.0943 6.27 30.76 - - - - - -
73 MMP-3 3.57 0.52 2.692 0.0028 0.5204 0.3052 11.55 77.73 2.8437 0.0007 0.0273 0.1342 2.8 83.17
74 MMP-9 4.52 5.28 8.3227 0.0007 0.0639 0.1535 1.77 71.32 8.3375 -0.0006 0.0475 0.1619 -1.58 71.67
75 NCAM-1 2.76 4.08 5.8564 0.0022 0.0911 0.2551 10.15 71.8 6.0378 0.0003 0.0045 0.056 1.38 79.12
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 8.1747 0.0007 0.0686 0.1002 2.37 74.57 8.1904 0.0001 0.0014 0.0833 0.23 75.03
78 PAI-1 1.8 2.55 3.1606 0.001 0.2264 0.1688 7.86 41.26 3.202 0.0009 0.1041 0.1748 6.69 44.04
79 PDGF-BB 3.59 5.72 6.096 0.0071 0.3887 0.8161 24.43 11.15 6.2356 0.0028 0.2051 0.3159 9.79 15.32
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 5.3659 0.0016 0.1319 0.2109 9.25 20.23 - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 4.1673 0.0053 0.4544 0.6481 23.94 24.21 4.0813 0.0027 0.176 0.3625 12.35 20.82
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.6798 0.0005 0.0084 0.4567 1.74 75.76 2.6784 0.0027 0.7781 0.3264 9.66 75.72
92 Tie-2 1.35 1.56 - - - - - - 1.7707 0.0008 0.3255 0.1033 8.92 19.77
93 TIMP-1 2.51 5.71 6.5271 -0.0001 0.0031 0.0182 -0.68 38.65 6.5479 0.0009 0.0605 0.1792 4.69 39.63
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 4.2709 -0.0003 0.004 0.0375 -1.6 62.26 4.2188 0.0012 0.1155 0.1331 6.52 59.75
96 TNF-RII 3.3 -2.13 -0.0677 -0.0028 0.2199 0.3168 -11.75 75.3 0.0066 -0.0025 0.3607 0.3252 -10.61 78.01
97 uPA 2.28 2.53 3.6641 0.0022 0.4001 0.3263 13.53 59.42 3.6493 0.0001 0.0011 0.1513 0.37 58.64
98 uPA-R 2.38 6.54 - - - - - - 6.8584 0.0017 0.1989 0.3325 9.8 15.74
99 VCAM-1 4.35 0.2 3.4777 -0.0027 0.1765 0.333 -8.09 86.95 3.5564 -0.0022 0.3316 0.3498 -6.58 89.04
100 VEGF-A 4.09 4.94 5.6237 0.0058 0.3514 0.6604 17.84 18.27 5.7829 0.0013 0.0376 0.1743 3.85 22.5
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 2.4559 -0.001 0.0471 0.2286 -6 51.56 2.4575 0.0006 0.0576 0.1488 3.55 51.64
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S10: Pre-analytical variables linear regression parameters in EDTAFilt samples, high
dilution.

Data Blanks EDTAFilt high dilution, 4 ◦C EDTAFilt high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.2334 -0.0018 0.1362 0.2854 -7.21 23.12 - - - - - -
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 - - - - - - - - - - - -
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
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Data Blanks EDTAFilt high dilution, 4 ◦C EDTAFilt high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 6.6517 0.0006 0.0354 0.1729 2.63 24.86 6.6016 0.0038 0.2479 0.4898 15.36 23.1
12 CA15-3 2.87 -1.56 -0.7733 0.0008 0.1089 0.1719 3.92 33.14 -0.7877 0.0028 0.3201 0.3615 13.6 32.53
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.22 -0.0011 0.0907 0.4328 -4.35 80.24 -2.256 -0.0001 0.0004 0.4958 -0.41 79
16 CEA 1.37 5.65 - - - - - - - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 6.2233 -0.0006 0.2175 0.105 -3.17 29.68 6.0399 0.0014 0.5463 0.1765 7.99 20.76
20 E-selectin 2.11 1.25 - - - - - - - - - - - -
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 -0.557 0.0006 0.0103 0.2641 1.99 53.77 -0.5424 0.0033 0.5198 0.3749 11.99 54.22
23 Endoglin 1.85 0.65 - - - - - - - - - - - -
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 - - - - - - - - - - - -
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 - - - - - - - - - - - -
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 - - - - - - - - - - - -
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 - - - - - - - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 - - - - - - 3.9827 0.0029 0.4243 0.3346 9.79 0
39 HGF-R 3.75 1.35 3.0742 0.0014 0.1492 0.16 5.05 54.2 3.2659 0.0001 0.0001 0.2089 0.26 60.23
40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 0.9566 -0.0003 0.1211 0.0729 -1.27 8.77 0.9594 0.0007 0.2517 0.0904 3.09 8.87
42 ICAM-1 4.35 -6.8 -5.3297 -0.0013 0.0659 0.1564 -4.15 40.28 -5.2901 0.0008 0.0174 0.3495 2.58 41.36
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.4535 -0.0076 0.4645 0.8372 -26.93 82.74 7.3818 -0.0003 0.0039 0.2809 -0.9 80.54
45 IGFBP-3 3.28 5.26 7.1504 0.0005 0.0653 0.1727 1.94 63.73 7.2325 0.0006 0.0277 0.1305 2.25 66.49
46 IGFBP-7 3.65 5.86 7.885 -0.0009 0.0891 0.2113 -3.41 63.37 7.8031 0.0022 0.3716 0.263 7.83 60.8
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 -3.4172 0.0006 0.0525 0.1591 3.18 32.32 - - - - - -
51 IL-1β 3.12 4.31 - - - - - - - - - - - -
52 IL-1ra 2.24 -0.15 - - - - - - - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
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Data Blanks EDTAFilt high dilution, 4 ◦C EDTAFilt high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

60 IP-10 3.05 6.62 - - - - - - 6.6343 0.005 0.6206 0.544 22.71 0.51
61 KLK14 2.82 -0.67 - - - - - - -0.7644 0.009 0.3245 1.082 42.05 0
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 - - - - - - - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 2.0746 -0.0007 0.1356 0.1762 -2.92 55.58 2.0419 0.0025 0.4308 0.278 10.14 54.41
74 MMP-9 4.52 5.28 8.2833 -0.0006 0.0435 0.1565 -1.75 70.4 8.2867 0.0006 0.0171 0.2564 1.57 70.47
75 NCAM-1 2.76 4.08 5.2121 -0.0012 0.0294 0.2118 -5.58 45.82 5.1737 -0.0025 0.1623 0.431 -11.66 44.27
76 NT-3 2.37 3.96 - - - - - - 3.7349 0.0091 0.4924 1.0043 47.89 0
77 OPN 3.69 5.59 6.8118 0.0005 0.0133 0.2552 1.69 35.25 6.8893 -0.0007 0.0266 0.3472 -2.48 37.48
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 6.222 -0.0031 0.2082 0.4623 -10.56 14.92 5.7746 0.0059 0.4331 0.6806 20.32 1.54
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.7245 0.0036 0.1132 0.4803 12.84 77.16 2.6937 0.0036 0.1006 0.5873 13.1 76.2
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 - - - - - - - - - - - -
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 3.5252 -0.0011 0.3261 0.1604 -6.09 26.32 - - - - - -
96 TNF-RII 3.3 -2.13 -1.1065 0.0007 0.0296 0.1526 3.09 37.41 -1.1399 0.0029 0.3746 0.4206 12.03 36.19
97 uPA 2.28 2.53 - - - - - - - - - - - -
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.0632 0.0006 0.0943 0.1746 1.97 75.97 3.0673 0.003 0.6767 0.3343 9.12 76.08
100 VEGF-A 4.09 4.94 - - - - - - - - - - - -
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 - - - - - - - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -
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Table I.S11: Pre-analytical variables linear regression parameters in CTAD samples, low
dilution.

Data Blanks CTAD low dilution, 4 ◦C CTAD low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.3411 0.0022 0.2175 0.4195 8.75 26.81 2.7653 -0.0008 0.0153 0.0939 -3.16 41.35
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 1.3731 0.0026 0.2999 0.3935 10.71 14.67 - - - - - -
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 2.3725 0.0033 0.1313 0.4251 20.81 24.24 - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 7.2179 0.0006 0.0707 0.0672 2.36 44.84 7.2091 -0.0003 0.0221 0.0394 -1.38 44.53
12 CA15-3 2.87 -1.56 -0.1074 -0.0022 0.2781 0.2531 -10.71 61.27 -0.1889 -0.0002 0.0033 0.0941 -0.81 57.83
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.2465 0.0006 0.0325 0.2565 2.34 79.33 -2.4091 0.0012 0.053 0.2653 4.69 73.74
16 CEA 1.37 5.65 - - - - - - - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 7.1093 0.0011 0.0347 0.1649 6.16 72.78 7.2871 -0.0005 0.0261 0.1007 -3.04 81.42
20 E-selectin 2.11 1.25 1.7953 0.0014 0.468 0.2456 11.83 38.55 1.829 0.0012 0.1299 0.1505 9.66 40.95
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 0.1658 0 0.0002 0.0339 0.08 76.37 0.1262 -0.0006 0.0075 0.1954 -1.99 75.13
23 Endoglin 1.85 0.65 1.5665 0.0007 0.1652 0.0956 5.89 71.89 1.59 0.0007 0.5501 0.0871 6.04 73.73
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 5.0122 0.0015 0.0851 0.2182 7.24 26.38 4.8785 0.0013 0.292 0.143 6.22 20.8
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 5.3927 0.0011 0.1055 0.1763 13.41 18.16 5.3926 0.0008 0.2607 0.0913 9.4 18.15
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 0.9815 0.0011 0.1406 0.1265 5.78 38.66 0.9408 0.0025 0.5467 0.3408 12.95 36.83
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 5.6052 0.0016 0.1807 0.1744 10.34 10.68 5.6314 0.0011 0.2365 0.1181 7.23 12.19
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 4.2064 0.002 0.1499 0.2215 6.78 6.17 4.2079 0.0032 0.5752 0.3814 10.78 6.22
39 HGF-R 3.75 1.35 4.1415 -0.0011 0.2305 0.1599 -3.93 87.76 3.962 0.0005 0.0554 0.077 1.84 82.12
40 HMGB1 1.11 1.01 1.3725 -0.0001 0.0176 0.0698 -1.7 42.31 1.3552 0 0.0004 0.0989 -0.5 40.29
41 HP 2.94 0.72 1.3967 -0.0017 0.2327 0.1884 -7.24 24.9 1.272 0.0004 0.0258 0.1893 1.79 20.33
42 ICAM-1 4.35 -6.8 -4.2613 0.0016 0.0159 0.183 5.14 69.47 -4.4418 0.0008 0.0023 0.1333 2.51 64.54
43 IFN-γ 1.63 1.13 1.3751 0.0024 0.2228 0.4436 22.99 20.4 - - - - - -
44 IGFBP-1 3.52 4.77 7.0535 0.0017 0.0636 0.5404 5.92 70.43 7.0958 0.0028 0.2297 0.3229 9.8 71.73
45 IGFBP-3 3.28 5.26 7.7582 -0.0009 0.0909 0.1277 -3.33 84.17 7.6484 -0.0001 0.0067 0.078 -0.51 80.47
46 IGFBP-7 3.65 5.86 8.1714 -0.0004 0.0947 0.1151 -1.58 72.34 8.1154 -0.0005 0.0441 0.0638 -1.67 70.59
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
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Data Blanks CTAD low dilution, 4 ◦C CTAD low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

50 IL-18 2.91 -4.12 -3.0164 0.0022 0.1224 0.3987 11.47 50.73 -3.0755 0.0025 0.8867 0.2763 13.08 48.02
51 IL-1β 3.12 4.31 4.5734 0.0011 0.0414 0.1466 4.37 9.07 4.5993 0.0014 0.0571 0.2001 5.8 9.98
52 IL-1ra 2.24 -0.15 0.1168 0.0012 0.2273 0.2221 7.56 14.51 0.0557 0.001 0.7502 0.1093 6.23 11.25
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 -2.2027 0.0011 0.0913 0.2586 7.98 18.89 - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 0.2627 0.0017 0.2635 0.2015 9.69 13.69 0.303 0.0012 0.3009 0.1363 6.6 15.65
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 7.2721 0.0011 0.0521 0.2571 4.85 25.56 - - - - - -
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 1.8659 0.0011 0.0813 0.133 7.1 14.4 1.9707 0.0009 0.0296 0.1253 5.67 20.31
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 2.6018 0.0002 0.0093 0.1027 0.84 74.49 2.631 -0.0006 0.1264 0.0932 -2.64 75.54
74 MMP-9 4.52 5.28 7.6352 0.0004 0.008 0.2751 1.19 55.18 8.024 0.0012 0.0151 0.5486 3.11 64.31
75 NCAM-1 2.76 4.08 5.9905 0.002 0.1078 0.223 9.46 77.22 6.0652 0.0013 0.0744 0.1457 5.86 80.23
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 7.7123 0.0008 0.1686 0.1138 2.69 61.23 7.7044 0.0008 0.2088 0.1892 2.57 61
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 6.0222 0.0036 0.4528 0.5465 12.52 8.94 - - - - - -
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.9576 0.0011 0.2774 0.2057 4.12 84.44 3.0181 0.0009 0.2071 0.1624 3.31 86.33
92 Tie-2 1.35 1.56 1.9859 0.0009 0.1611 0.1342 9.73 40.44 2.0317 0.0003 0.0208 0.1663 3.71 44.85
93 TIMP-1 2.51 5.71 - - - - - - - - - - - -
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 4.184 0.0011 0.0398 0.124 5.83 58.07 4.165 0.0005 0.0216 0.1508 3 57.15
96 TNF-RII 3.3 -2.13 0.3334 -0.0009 0.2318 0.1081 -3.76 89.93 0.1902 -0.0012 0.1433 0.1786 -5.08 84.7
97 uPA 2.28 2.53 3.7369 0.0003 0.0105 0.1065 2.03 63.24 3.5746 0.0015 0.5611 0.1817 8.96 54.72
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.561 -0.0015 0.2586 0.1788 -4.6 89.16 3.5664 -0.0004 0.0316 0.049 -1.29 89.3
100 VEGF-A 4.09 4.94 - - - - - - - - - - - -
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Data Blanks CTAD low dilution, 4 ◦C CTAD low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 2.5982 0.003 0.2738 0.3933 17.64 58.9 2.6269 0.0006 0.0254 0.0701 3.76 60.38
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S12: Pre-analytical variables linear regression parameters in CTAD samples, high
dilution.

Data Blanks CTAD high dilution, 4 ◦C CTAD high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.0072 0.0015 0.1298 0.1631 5.89 15.37 - - - - - -
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 - - - - - - - - - - - -
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 6.6671 -0.0014 0.1663 0.3318 -5.7 25.41 6.6721 0.0001 0.001 0.0504 0.52 25.58
12 CA15-3 2.87 -1.56 -0.7905 -0.0029 0.7801 0.3255 -14.17 32.42 -1.0118 0.0016 0.2166 0.1773 7.73 23.07
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.4623 0.0004 0.0083 0.0656 1.6 71.91 -2.1667 -0.0015 0.312 0.1813 -5.78 82.08
16 CEA 1.37 5.65 - - - - - - 5.814 0.0012 0.6809 0.1281 14.84 17.66
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 6.1502 0.0004 0.0143 0.2017 2.12 26.12 6.0288 0.0014 0.6331 0.1505 7.55 20.22
20 E-selectin 2.11 1.25 - - - - - - - - - - - -
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 -0.5464 0.0011 0.4632 0.1383 4.04 54.1 -0.7583 0.0055 0.8869 0.606 19.86 47.47
23 Endoglin 1.85 0.65 - - - - - - - - - - - -
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 - - - - - - - - - - - -
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 - - - - - - 5.3454 0.0016 0.6914 0.1918 19.69 13.09
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 - - - - - - - - - - - -
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 - - - - - - - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 5.8351 -0.0009 0.1262 0.205 -11.63 43.1 - - - - - -
38 HGF 3.7 3.99 - - - - - - - - - - - -
39 HGF-R 3.75 1.35 2.94 -0.0026 0.3839 0.4584 -9.37 49.98 3.1827 0.0003 0.0051 0.1152 1.26 57.61
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Table I.S12 continued from previous page

Data Blanks CTAD high dilution, 4 ◦C CTAD high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 0.982 -0.0003 0.1127 0.0716 -1.47 9.7 0.8909 0.0012 0.2005 0.1352 4.93 6.36
42 ICAM-1 4.35 -6.8 -5.142 0.0046 0.1573 0.515 14.5 45.41 -5.339 0.0033 0.1855 0.4532 10.34 40.02
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.6719 -0.0026 0.3932 0.3487 -9.32 89.47 7.1891 0.0037 0.3702 0.4622 13.03 74.6
45 IGFBP-3 3.28 5.26 7.3651 -0.0013 0.2918 0.1443 -4.95 70.95 7.2437 0.0004 0.073 0.1391 1.69 66.86
46 IGFBP-7 3.65 5.86 8.0909 0.001 0.1203 0.2479 3.69 69.82 7.6811 0.0032 0.8116 0.3956 11.47 56.98
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 -3.5675 0.0015 0.1746 0.1818 7.99 25.41 -3.2081 -0.0029 0.3921 0.3429 -15.21 41.92
51 IL-1β 3.12 4.31 - - - - - - - - - - - -
52 IL-1ra 2.24 -0.15 - - - - - - - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 - - - - - - - - - - - -
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 5.4145 -0.0003 0.0228 0.1953 -6.43 54.89 5.3073 0.0021 0.5727 0.2317 42.09 36.15
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 6.0186 -0.0026 0.4386 0.3537 -40.6 67.21 - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 - - - - - - - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 1.9516 0.0003 0.0055 0.1118 1.11 51.17 1.8708 0.0019 0.4026 0.2505 7.87 48.27
74 MMP-9 4.52 5.28 7.9438 0.0011 0.2805 0.2239 3 62.42 7.8611 0.0053 0.1602 0.7525 14.19 60.48
75 NCAM-1 2.76 4.08 4.763 -0.0005 0.0553 0.073 -2.3 27.71 4.5686 0.0013 0.1709 0.1653 6.04 19.87
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 7.6926 -0.0038 0.2453 0.5197 -12.5 60.66 7.0877 0.0033 0.2218 0.4151 10.82 43.21
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 - - - - - - - - - - - -
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
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Data Blanks CTAD high dilution, 4 ◦C CTAD high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

91 THBS-1 3.71 0.26 2.1187 0.0019 0.0783 0.7676 6.97 58.23 2.1926 -0.0034 0.1419 0.8693 -12.06 60.54
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 6.5655 -0.0052 0.6547 0.643 -28.55 40.47 6.5025 -0.0006 0.0096 0.1947 -3.37 37.49
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 - - - - - - - - - - - -
96 TNF-RII 3.3 -2.13 -1.6848 0.0024 0.5294 0.3548 10.14 16.31 -1.4065 -0.0005 0.0101 0.1607 -2.13 26.46
97 uPA 2.28 2.53 - - - - - - - - - - - -
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 2.9436 -0.0011 0.1333 0.2878 -3.43 72.8 2.792 0.0011 0.0904 0.1812 3.4 68.78
100 VEGF-A 4.09 4.94 - - - - - - - - - - - -
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 - - - - - - - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S13: Pre-analytical variables linear regression parameters in CTADFilt samples, low
dilution.

Data Blanks CTADFilt low dilution, 4 ◦C CTADFilt low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 2.6358 0 0.0006 0.0773 0.2 36.91 2.6455 0 0 0.0715 -0.02 37.24
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 - - - - - - - - - - - -
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 2.658 -0.0039 0.3617 0.464 -24.72 39.98 2.6536 0.0001 0.0001 0.0136 0.63 39.73
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 7.2071 -0.0002 0.0052 0.1288 -0.84 44.46 7.1334 0.001 0.1638 0.1248 4.15 41.86
12 CA15-3 2.87 -1.56 -0.1847 0.0008 0.0815 0.1 3.89 58 -0.2336 -0.0005 0.0185 0.0578 -2.57 55.94
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.0156 -0.006 0.7287 0.7874 -23.87 87.27 -2.2022 0.001 0.0487 0.2238 3.94 80.86
16 CEA 1.37 5.65 5.8186 0.0014 0.1668 0.155 17.72 18.16 - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
19 E-cadherin 2.44 5.61 7.1764 -0.0002 0.0016 0.1432 -1.05 76.04 7.1726 -0.001 0.0349 0.1662 -5.65 75.85
20 E-selectin 2.11 1.25 2.0946 -0.0034 0.7607 0.3809 -27.93 59.8 1.8955 0.0006 0.074 0.0705 4.81 45.67
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 0.2334 -0.0021 0.5733 0.3315 -7.48 78.48 0.0419 0.0005 0.0168 0.055 1.78 72.49
23 Endoglin 1.85 0.65 1.6588 -0.0008 0.5628 0.1017 -7.46 79.13 1.6386 -0.0013 0.3199 0.1869 -11.72 77.55
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 5.1949 -0.0012 0.0398 0.1254 -5.57 34.01 5.0679 0.0001 0.0018 0.0173 0.64 28.71
26 FAS-L 1.18 -0.73 -0.298 -0.0016 0.636 0.2353 -24.07 55.67 -0.3243 -0.0009 0.4126 0.1103 -12.8 52.27
28 FGFb 1.24 5.22 - - - - - - 5.4767 0.0001 0.0013 0.0527 1.05 27.14
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
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Data Blanks CTADFilt low dilution, 4 ◦C CTADFilt low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 0.8807 0.0013 0.0615 0.2368 6.64 34.13 0.9904 0.0007 0.0668 0.1208 3.66 39.05
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 5.755 -0.0008 0.0868 0.0991 -5.07 19.34 - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 - - - - - - - - - - - -
38 HGF 3.7 3.99 4.4184 -0.0008 0.0162 0.1021 -2.54 12.31 4.3078 0 0 0.1352 0 9.11
39 HGF-R 3.75 1.35 4.1022 -0.0041 0.5355 0.4732 -14.81 86.52 4.1136 -0.001 0.0932 0.1636 -3.58 86.88
40 HMGB1 1.11 1.01 1.4063 -0.0015 0.835 0.1686 -19.84 46.24 1.3401 0.0004 0.1646 0.1044 5.83 38.54
41 HP 2.94 0.72 1.2416 0.0002 0.0023 0.0176 0.66 19.21 1.2847 -0.0001 0.0015 0.0271 -0.6 20.79
42 ICAM-1 4.35 -6.8 -3.999 -0.003 0.0402 0.3419 -9.39 76.64 -4.2478 0.002 0.0223 0.4296 6.3 69.84
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.3213 -0.0015 0.077 0.3109 -5.39 78.68 7.1768 0.0016 0.0687 0.4196 5.51 74.22
45 IGFBP-3 3.28 5.26 7.6642 -0.0003 0.0265 0.0487 -1.34 81 7.5834 0.0009 0.2241 0.109 3.61 78.28
46 IGFBP-7 3.65 5.86 8.1632 -0.0005 0.1138 0.1071 -1.65 72.09 8.1393 -0.0003 0.0241 0.0958 -0.96 71.34
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 -2.7953 -0.0016 0.1887 0.1854 -8.38 60.89 -2.7994 -0.0004 0.0101 0.1175 -2.01 60.7
51 IL-1β 3.12 4.31 4.8343 -0.0009 0.013 0.1229 -3.81 18.21 4.6268 -0.0001 0.0007 0.1665 -0.58 10.94
52 IL-1ra 2.24 -0.15 0.1919 -0.0016 0.4985 0.2417 -9.91 18.52 0.1761 0 0.0001 0.1664 -0.17 17.68
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 0.4842 -0.0015 0.2152 0.1702 -8.49 24.48 - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 7.4242 -0.0011 0.0701 0.1265 -4.82 31.54 7.3136 0.0001 0.0007 0.0123 0.35 27.19
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 - - - - - - - - - - - -
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
70 MIP-1α 2.09 1.61 1.9156 0.0026 0.3871 0.2781 16.64 17.2 - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 2.6979 -0.0022 0.3209 0.3098 -9.01 77.94 2.5859 0.0007 0.2063 0.0988 2.87 73.92
74 MMP-9 4.52 5.28 7.5515 0.0036 0.2781 0.4621 9.6 53.21 7.7604 0.0034 0.0696 0.5469 9.29 58.12
75 NCAM-1 2.76 4.08 6.0384 0.0001 0.0009 0.0895 0.61 79.15 6.0097 0.0014 0.1249 0.2527 6.47 77.99
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 7.715 0.0009 0.4502 0.1231 3 61.31 7.7309 0.0004 0.062 0.05 1.41 61.77
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 - - - - - - - - - - - -
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Data Blanks CTADFilt low dilution, 4 ◦C CTADFilt low dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

80 PRL 0.83 1.43 1.7349 -0.002 0.903 0.2153 -38.48 51.53 1.6717 0.0004 0.6184 0.0401 6.73 41.02
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 2.2548 0.0038 0.2093 0.5166 13.73 62.48 2.4693 0.0036 0.6578 0.4848 12.99 69.18
92 Tie-2 1.35 1.56 1.9706 0.0003 0.0386 0.0519 3.65 38.98 2.0579 0.0001 0.0038 0.0314 1.61 47.36
93 TIMP-1 2.51 5.71 - - - - - - - - - - - -
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 4.2855 -0.0011 0.1437 0.1558 -5.91 62.96 4.2909 -0.0006 0.0405 0.0813 -3.59 63.22
96 TNF-RII 3.3 -2.13 0.2819 -0.0045 0.6432 0.4884 -19.04 88.05 0.1308 0.001 0.1641 0.1155 4.33 82.54
97 uPA 2.28 2.53 3.679 0.0002 0.0141 0.0308 1.15 60.21 3.7322 -0.0004 0.0918 0.0904 -2.58 62.99
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.6613 -0.0023 0.7372 0.2644 -7.15 91.81 3.46 0.0005 0.0117 0.121 1.48 86.48
100 VEGF-A 4.09 4.94 5.2649 0.003 0.1996 0.3862 9.3 8.72 - - - - - -
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 2.847 -0.0032 0.4491 0.3567 -18.97 71.72 2.8249 0 0.0001 0.0285 -0.21 70.58
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -

Table I.S14: Pre-analytical variables linear regression parameters in CTADFilt samples, high
dilution.

Data Blanks CTADFilt high dilution, 4 ◦C CTADFilt high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

1 AFP 3.35 1.56 - - - - - - - - - - - -
2 AHSG 4.1 6.77 - - - - - - - - - - - -
3 ALDH1L1 1.05 3.32 - - - - - - - - - - - -
4 Amphiregulin 2.28 4.01 - - - - - - - - - - - -
5 Ang1 3.33 0.96 - - - - - - - - - - - -
6 Ang2 0.88 5.07 - - - - - - - - - - - -
8 BDNF 2.62 1.93 - - - - - - - - - - - -
9 BMP2 0.78 3.25 - - - - - - - - - - - -
10 BRAF 0.94 5.21 - - - - - - - - - - - -
11 c-Kit 3.19 5.95 6.831 -0.0028 0.3268 0.3439 -11.54 31.19 6.6089 0.0022 0.2408 0.2454 9.08 23.35
12 CA15-3 2.87 -1.56 -0.8137 -0.0021 0.3271 0.4207 -10.29 31.44 -0.9934 0.0012 0.1761 0.3058 6.04 23.84
13 Cathepsin B 0.79 4.9 - - - - - - - - - - - -
14 CCL5 3.76 7.11 - - - - - - - - - - - -
15 CD14 4.06 -4.55 -2.3165 -0.002 0.1692 0.249 -7.75 76.92 -2.3748 -0.0008 0.148 0.1351 -3.18 74.92
16 CEA 1.37 5.65 - - - - - - - - - - - -
17 CRP 0.89 -1.03 - - - - - - - - - - - -
18 CXCL12 1.43 6.56 - - - - - - - - - - - -
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Data Blanks CTADFilt high dilution, 4 ◦C CTADFilt high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

19 E-cadherin 2.44 5.61 6.0489 0.0013 0.4007 0.1719 7.34 21.2 6.0712 0.0008 0.0708 0.0983 4.35 22.28
20 E-selectin 2.11 1.25 - - - - - - - - - - - -
21 EGF 3.86 5.84 - - - - - - - - - - - -
22 EGF-R 3.67 -2.28 -0.5354 0.0002 0.0032 0.0208 0.55 54.44 -0.3084 -0.0001 0.0008 0.3204 -0.32 61.54
23 Endoglin 1.85 0.65 - - - - - - - - - - - -
24 EpCAM 1.87 6.17 - - - - - - - - - - - -
25 FAS 2.74 4.38 - - - - - - - - - - - -
26 FAS-L 1.18 -0.73 - - - - - - - - - - - -
28 FGFb 1.24 5.22 - - - - - - 5.4026 0.001 0.1281 0.1502 12.02 19.22
29 Flt-3 1.49 6.2 - - - - - - - - - - - -
30 G-CSF 2.39 0.8 - - - - - - - - - - - -
31 GFAP 2.62 0.12 - - - - - - - - - - - -
32 GM-CSF 1.87 5.53 - - - - - - - - - - - -
33 GRO-α 2.43 -8.01 - - - - - - - - - - - -
34 HAI-1 1.98 5.42 5.7261 -0.001 0.2646 0.1721 -6.44 17.67 - - - - - -
35 HE4 0.81 4.23 - - - - - - - - - - - -
36 HER2 1.45 5.92 - - - - - - - - - - - -
37 HER3 1.17 5.47 5.832 -0.001 0.1639 0.2436 -13.27 42.73 5.8506 -0.0001 0.0045 0.0132 -1.21 44.91
38 HGF 3.7 3.99 - - - - - - - - - - - -
39 HGF-R 3.75 1.35 3.1995 -0.0043 0.4669 0.5345 -15.55 58.14 3.1082 0 0 0.0543 0.06 55.27
40 HMGB1 1.11 1.01 - - - - - - - - - - - -
41 HP 2.94 0.72 - - - - - - 1.005 -0.0008 0.1317 0.0883 -3.22 10.54
42 ICAM-1 4.35 -6.8 -5.3562 0.0012 0.0123 0.1991 3.79 39.55 -5.2024 0.0009 0.0096 0.2769 2.8 43.75
43 IFN-γ 1.63 1.13 - - - - - - - - - - - -
44 IGFBP-1 3.52 4.77 7.6394 -0.0013 0.0614 0.4584 -4.74 88.47 7.7699 -0.0016 0.256 0.2033 -5.55 92.48
45 IGFBP-3 3.28 5.26 7.3061 0 0.0004 0.0952 0.14 68.96 7.3252 -0.0002 0.02 0.0235 -0.64 69.61
46 IGFBP-7 3.65 5.86 7.8381 0.0019 0.1292 0.2573 6.89 61.9 7.9271 0.0012 0.0987 0.1406 4.23 64.69
47 IL-10 3 7.75 - - - - - - - - - - - -
48 IL-12 2.4 -6.24 - - - - - - - - - - - -
49 IL-15 2.34 6.06 - - - - - - - - - - - -
50 IL-18 2.91 -4.12 - - - - - - - - - - - -
51 IL-1β 3.12 4.31 - - - - - - - - - - - -
52 IL-1ra 2.24 -0.15 - - - - - - - - - - - -
53 IL-2 2.27 5.78 - - - - - - - - - - - -
54 IL-3 2.37 -2.51 - - - - - - - - - - - -
55 IL-4 1.26 3.71 - - - - - - - - - - - -
56 IL-5 1.48 5.49 - - - - - - - - - - - -
58 IL-7 2.47 -0.02 - - - - - - - - - - - -
59 IL-8 2.22 0.05 - - - - - - - - - - - -
60 IP-10 3.05 6.62 - - - - - - - - - - - -
61 KLK14 2.82 -0.67 - - - - - - - - - - - -
62 KLK8 0.79 5.1 5.3047 0.0009 0.1138 0.2057 17.82 35.7 5.4545 -0.0006 0.0381 0.2216 -12.59 61.88
63 Leptin 0.82 5.21 - - - - - - - - - - - -
64 M-CSF 2.29 1.71 - - - - - - - - - - - -
65 MCP1 1.1 5.53 - - - - - - - - - - - -
66 MCP2 3.57 4.43 - - - - - - - - - - - -
67 MCP3 2.73 6.63 - - - - - - - - - - - -
68 MCP4 2.8 8.09 - - - - - - - - - - - -
69 MIG 2.61 -1.78 - - - - - - - - - - - -
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Table I.S14 continued from previous page

Data Blanks CTADFilt high dilution, 4 ◦C CTADFilt high dilution, 25 ◦C
Protein range mean Intercept Slope R2 Span Increase Starting Intercept Slope R2 Span Increase Starting
name (RFU) (RFU) (RFU) (RFU/min) (RFU) (%) (%) (RFU) (RFU/h) (RFU) (%) (%)

70 MIP-1α 2.09 1.61 - - - - - - - - - - - -
71 MIP-1β 1.14 6.24 - - - - - - - - - - - -
72 MMP-1 1.86 2.78 - - - - - - - - - - - -
73 MMP-3 3.57 0.52 1.8905 0 0.0001 0.1358 -0.15 48.98 2.0843 0.0001 0.0008 0.3423 0.58 55.93
74 MMP-9 4.52 5.28 7.7873 0.0019 0.2107 0.3389 5.23 58.75 8.0473 0.0039 0.2038 0.4499 10.54 64.85
75 NCAM-1 2.76 4.08 4.5753 -0.0003 0.0152 0.2395 -1.52 20.14 4.6978 0.0001 0.0057 0.017 0.6 25.08
76 NT-3 2.37 3.96 - - - - - - - - - - - -
77 OPN 3.69 5.59 7.3625 -0.0004 0.0049 0.321 -1.31 51.14 7.6023 -0.0014 0.1146 0.1607 -4.62 58.06
78 PAI-1 1.8 2.55 - - - - - - - - - - - -
79 PDGF-BB 3.59 5.72 - - - - - - - - - - - -
80 PRL 0.83 1.43 - - - - - - - - - - - -
81 PSA 2.89 0.44 - - - - - - - - - - - -
82 RBP4 0.82 5.18 - - - - - - - - - - - -
83 S100B 1.21 2 - - - - - - - - - - - -
85 SPARC 2.28 4.96 - - - - - - - - - - - -
86 TF 1.72 1.93 - - - - - - - - - - - -
87 TGF-α 2.36 4.12 - - - - - - - - - - - -
88 TGF-β RII 2.45 4.3 - - - - - - - - - - - -
89 TGF-β1 2.84 3.55 - - - - - - - - - - - -
90 TGF-β2 1.64 5.81 - - - - - - - - - - - -
91 THBS-1 3.71 0.26 0.4295 0.0076 0.5577 0.886 27.13 5.45 0.6583 0.0036 0.3779 0.518 13.08 12.6
92 Tie-2 1.35 1.56 - - - - - - - - - - - -
93 TIMP-1 2.51 5.71 - - - - - - 6.0869 0.003 0.1936 0.4084 16.58 17.83
94 TNF-α 2.12 2.04 - - - - - - - - - - - -
95 TNF-RI 2.44 2.98 - - - - - - - - - - - -
96 TNF-RII 3.3 -2.13 -1.1351 -0.0041 0.5343 0.5999 -17.37 36.37 -1.562 0.0023 0.2967 0.2967 9.65 20.79
97 uPA 2.28 2.53 - - - - - - - - - - - -
98 uPA-R 2.38 6.54 - - - - - - - - - - - -
99 VCAM-1 4.35 0.2 3.0461 -0.0006 0.0244 0.2262 -1.84 75.51 2.9325 0.0019 0.3413 0.2283 5.64 72.5
100 VEGF-A 4.09 4.94 - - - - - - - - - - - -
101 VEGF-D 0.98 2.95 - - - - - - - - - - - -
102 VEGFR2 2.98 1.46 - - - - - - - - - - - -
103 VEGFR3 1.24 7.95 - - - - - - - - - - - -
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APPENDIX J

Potential biomarkers in TBI patients: Protein profiles in TBI patients

This appendix is a supplementary material to chapter chapter 6 that describes the time course profile
of individual proteins in all sTBI and mTBI patients. Red lines in b, h show a threshold for a profile
that is considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show
the threshold of comparison to the measured value compared.
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Figure J.S1: Complete protein profiles inmicrodialysate for patient sTBI-001. Protein profiles
are extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S2: Complete protein profiles in CSF for patient sTBI-009. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the measurement is different
from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started less than
24 h after injury.
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Figure J.S3: Complete protein profiles in blood for patient sTBI-009. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the measurement is different
from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started less than
24 h after injury.
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Figure J.S4: Complete protein profiles inmicrodialysate for patient sTBI-010. Protein profiles
are extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 909

AFP AHSG ALDH1L1 Amphiregulin Ang1 Ang2 β-NGF BDNF BMP2

BRAF c-Kit CA15-3 Cathepsin B CCL5 CD14 CEA CRP CXCL12

E-cadherin E-selectin EGF EGF-R Endoglin EpCAM FAS FAS-L FGF-1

FGFb Flt-3 G-CSF GFAP GM-CSF GRO-α HAI-1 HE4 HER2

HER3 HGF HGF-R HMGB1 HP ICAM-1 IFN-γ IGFBP-1 IGFBP-3

IGFBP-7 IL-10 IL-12 IL-15 IL-18 IL-1β IL-1ra IL-2 IL-3

IL-4 IL-5 IL-6 IL-7 IL-8 IP-10 KLK14 KLK8 Leptin

M-CSF MCP1 MCP2 MCP3 MCP4 MIG MIP-1α MIP-1β MMP-1

MMP-3 MMP-9 NCAM-1 NT-3 OPN PAI-1 PDGF-BB PRL PSA

RBP4 S100B SCGN SPARC TF TGF-α TGF-β RII TGF-β1 TGF-β2

THBS-1 Tie-2 TIMP-1 TNF-α TNF-RI TNF-RII uPA uPA-R VCAM-1

VEGF-A VEGF-D VEGFR2 VEGFR3

CSF timecourse for sTBI-010

Day1 Peak

Day2 Peak

Day3 Peak

Not tested

Ratio to pnBlood

High

Low

Ratio to pnCSF

High

Low

Data

LOD

Blanks mean

pnBlood

pnCSF

Figure J.S5: Complete protein profiles in CSF for patient sTBI-010. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S6: Complete protein profiles in blood for patient sTBI-010. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S7: Complete protein profiles inmicrodialysate for patient sTBI-011. Protein profiles
are extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S8: Complete protein profiles in blood for patient sTBI-011. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S9: Complete protein profiles inmicrodialysate for patient sTBI-013. Protein profiles
are extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S10: Complete protein profiles in CSF for patient sTBI-013. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S11: Complete protein profiles in blood for patient sTBI-013. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S12: Complete protein profiles in microdialysate for patient sTBI-015. Protein
profiles are extrapolated to account for missing values. Detected peaks are indicated by arrows,
whose color indicates the day of the peak. Background and border colors indicate the mean of
measurements is different from pnCSF and pnBlood, respectively. Time of sampling corresponds
to 72 h started less than 24 h after injury.
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Figure J.S13: Complete protein profiles in CSF for patient sTBI-015. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S14: Complete protein profiles in blood for patient sTBI-015. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S15: Complete protein profiles in microdialysate for patient sTBI-016. Protein
profiles are extrapolated to account for missing values. Detected peaks are indicated by arrows,
whose color indicates the day of the peak. Background and border colors indicate the mean of
measurements is different from pnCSF and pnBlood, respectively. Time of sampling corresponds
to 72 h started less than 24 h after injury.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 920

AFP AHSG ALDH1L1 Amphiregulin Ang1 Ang2 β-NGF BDNF BMP2

BRAF c-Kit CA15-3 Cathepsin B CCL5 CD14 CEA CRP CXCL12

E-cadherin E-selectin EGF EGF-R Endoglin EpCAM FAS FAS-L FGF-1

FGFb Flt-3 G-CSF GFAP GM-CSF GRO-α HAI-1 HE4 HER2

HER3 HGF HGF-R HMGB1 HP ICAM-1 IFN-γ IGFBP-1 IGFBP-3

IGFBP-7 IL-10 IL-12 IL-15 IL-18 IL-1β IL-1ra IL-2 IL-3

IL-4 IL-5 IL-6 IL-7 IL-8 IP-10 KLK14 KLK8 Leptin

M-CSF MCP1 MCP2 MCP3 MCP4 MIG MIP-1α MIP-1β MMP-1

MMP-3 MMP-9 NCAM-1 NT-3 OPN PAI-1 PDGF-BB PRL PSA

RBP4 S100B SCGN SPARC TF TGF-α TGF-β RII TGF-β1 TGF-β2

THBS-1 Tie-2 TIMP-1 TNF-α TNF-RI TNF-RII uPA uPA-R VCAM-1

VEGF-A VEGF-D VEGFR2 VEGFR3

CSF timecourse for sTBI-016

Day1 Peak

Day2 Peak

Day3 Peak

Not tested

Ratio to pnBlood

High

Low

Ratio to pnCSF

High

Low

Data

LOD

Blanks mean

pnBlood

pnCSF

Figure J.S16: Complete protein profiles in CSF for patient sTBI-016. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S17: Complete protein profiles in blood for patient sTBI-016. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S18: Complete protein profiles in CSF for patient sTBI-017. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S19: Complete protein profiles in blood for patient sTBI-017. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Background and border colors indicate the mean of measurements
is different from pnCSF and pnBlood, respectively. Time of sampling corresponds to 72 h started
less than 24 h after injury.
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Figure J.S20: Complete protein profiles in blood for patient mTBI-003. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Border colors indicate the mean of measurements is different from
pnBlood. Time of sampling corresponds to 72 h started less than 24 h after injury.
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Figure J.S21: Complete protein profiles in blood for patient mTBI-004. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Border colors indicate the mean of measurements is different from
pnBlood. Time of sampling corresponds to 72 h started less than 24 h after injury.
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Figure J.S22: Complete protein profiles in blood for patient mTBI-005. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Border colors indicate the mean of measurements is different from
pnBlood. Time of sampling corresponds to 72 h started less than 24 h after injury.
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Figure J.S23: Complete protein profiles in blood for patient mTBI-006. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Border colors indicate the mean of measurements is different from
pnBlood. Time of sampling corresponds to 72 h started less than 24 h after injury.
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Figure J.S24: Complete protein profiles in blood for patient mTBI-007. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Border colors indicate the mean of measurements is different from
pnBlood. Time of sampling corresponds to 72 h started less than 24 h after injury.
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Figure J.S25: Complete protein profiles in blood for patient mTBI-008. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Border colors indicate the mean of measurements is different from
pnBlood. Time of sampling corresponds to 72 h started less than 24 h after injury.
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Figure J.S26: Complete protein profiles in blood for patient mTBI-009. Protein profiles are
extrapolated to account for missing values. Detected peaks are indicated by arrows, whose color
indicates the day of the peak. Border colors indicate the mean of measurements is different from
pnBlood. Time of sampling corresponds to 72 h started less than 24 h after injury.
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Figure J.S27: Individual AFP protein profiles and peak and ratio analysis. AFP concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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AFP comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S28: Differential AFP protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average AFP profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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AHSG individual patient data
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Figure J.S29: Individual AHSG protein profiles and peak and ratio analysis. AHSG concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared. Graphs b-f show calculations for individual sTBI
patients, and graphs h-j show calculations for individual mTBI patients. Red lines in b, h show a
threshold for a profile that is considered to have a peak, rather than being constant. The light red
boxes in d, e, f, j show the threshold of comparison to the measured value compared.
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AHSG comparison of TBI severity, outcome and ICPTBI severity

F
lu

o.
 (

R
F

U
)

5.5
6.0
6.5
7.0
7.5
8.0

10 20 30 40 50 60 70

MD 1:4 (sTBI)a

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

6.5
7.0
7.5
8.0
8.5
9.0

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

b
0

4
8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

c
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
NA

Severe-Simple
NA

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern 0.

0
2.

0

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

d
Peak time

sTBI mTBI

T
im

e 
(d

ay
s)

Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
NA

Severe-Simple
NA

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern 0.

0
2.

0

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

e
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
0.834

Severe-Simple
0.282

Severe-Trauma
0.264

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
5

15

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

f Fluids ratio sTBI

M
ea

n/
m

ea
n

Fluids Ratio:
MD > Blood > CSF

0
6

12

M
D

CSF
Bloo

d

g Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F MEM p-val

mTBI:
1.0

Legend

MD/Blood
MD/CSF

CSF/Blood
MD
CSF

Blood

LOD
Blanks mean
pnBlood
pnCSF
sTBI (all)
mTBIC
mTBIS
Trauma

Outcome

F
lu

o.
 (

R
F

U
)

5

6

7

8

10 20 30 40 50 60 70

MD 1:4 (sTBI)h

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

6.5
7.0
7.5
8.0
8.5
9.0

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

i

0
4

8

M
D

CSF
Bloo

d

Com
ple

x

j
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.947

mTBI Complex Blood:
NA

0.
0

2.
0

M
D

CSF
Bloo

d

Com
ple

x

k
Peak time
sTBI mTBI

T
im

e 
(d

ay
s)

sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.838

mTBI Complex Blood:
NA

0
3

6
M

D
CSF

Bloo
d

Com
ple

x

l
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

sTBI MD:
0.923

sTBI CSF:
0.868

sTBI Blood:
0.998

mTBI Complex Blood:
NA

0
10

25

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

m Fluids ratio sTBI

M
ea

n/
m

ea
n sTBI MD/CSF:

0.699
sTBI MD/Blood:

0.936
sTBI CSF/Blood:

0.964

0
10

25

M
D

CSF
Bloo

d

n Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F sTBI MD:
0.923

sTBI CSF:
0.868

sTBI Blood:
0.998

MEM p-val

sTBI MD:
0.911

sTBI CSF:
0.905

sTBI Blood:
0.962

mTBI Blood:
0.468

Legend

Good outcome
Bad outcome

LOD
Blanks mean
pnBlood
pnCSF
Good outcome
Bad outcome

ICP

F
lu

o.
 (

R
F

U
)

5.0
5.5
6.0
6.5
7.0
7.5
8.0

10 20 30 40 50 60 70

MD 1:4 (sTBI)o

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No ICP data

p

0
4

8

M
D

CSF
Bloo

d

Peak amplitude

M
ax

-m
in

/m
ea

n q sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.998

0.
0

2.
0

M
D

CSF
Bloo

d

Peak time

T
im

e 
(d

ay
s)

r sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.932

0
2

4

M
D

CSF
Bloo

d

Ratio to pnBlood

M
ea

n/
pn

B
lo

od s sTBI MD:
0.689

sTBI CSF:
0.86

sTBI Blood:
0.875

0
5

15

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

t Fluids ratio

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.681
sTBI CSF/Blood:

0.876

0
5

15

M
D

CSF
Bloo

d

u Ratio to pnCSF

M
ea

n/
pn

C
S

F sTBI MD:
0.689

sTBI CSF:
0.86

sTBI Blood:
0.875

MEM p-val

sTBI MD:
0.963

sTBI CSF:
0.935

sTBI Blood:
0.782

Legend

High ICP
Low ICP

LOD
Blanks mean
pnBlood
pnCSF
High ICP
Low ICP

Figure J.S30: Differential AHSG protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average AHSG profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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ALDH1L1 individual patient data
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Figure J.S31: Individual ALDH1L1 protein profiles and peak and ratio analysis. ALDH1L1
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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ALDH1L1 comparison of TBI severity, outcome and ICPTBI severity

F
lu

o.
 (

R
F

U
)

4.0

4.5

5.0

5.5

10 20 30 40 50 60 70

MD 1:4 (sTBI)a

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

3.2

3.4

3.6

3.8

4.0

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

b
0

4
8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

c
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
0.348

Severe-Simple
0.514

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern 0.

0
1.

5

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

d
Peak time

sTBI mTBI

T
im

e 
(d

ay
s)

Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
0.1

Severe-Simple
0.0211

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
4

8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

e
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

Complex-Simple
0.000158

Complex-Trauma
0.695

Severe-Complex
0.923

Severe-Simple
0.252

Severe-Trauma
0.834

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
20

40

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

f Fluids ratio sTBI

M
ea

n/
m

ea
n

Fluids Ratio:
MD > Blood > CSF

0
30

60

M
D

CSF
Bloo

d

g Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F MEM p-val

mTBI:
1.0

Legend

MD/Blood
MD/CSF

CSF/Blood
MD
CSF

Blood

LOD
Blanks mean
pnBlood
pnCSF
sTBI (all)
mTBIC
mTBIS
Trauma

Outcome

F
lu

o.
 (

R
F

U
)

4.0

4.5

5.0

5.5

6.0

10 20 30 40 50 60 70

MD 1:4 (sTBI)h

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

3.3
3.4
3.5
3.6
3.7
3.8
3.9

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

i

0
4

8

M
D

CSF
Bloo

d

Com
ple

x

j
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n sTBI MD:
0.845

sTBI CSF:
NA

sTBI Blood:
0.947

mTBI Complex Blood:
NA

0.
0

1.
0

2.
0

M
D

CSF
Bloo

d

Com
ple

x

k
Peak time
sTBI mTBI

T
im

e 
(d

ay
s)

sTBI MD:
0.748

sTBI CSF:
NA

sTBI Blood:
1.0

mTBI Complex Blood:
NA

0
5

15
M

D
CSF

Bloo
d

Com
ple

x

l
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

sTBI MD:
0.958

sTBI CSF:
0.809

sTBI Blood:
0.998

mTBI Complex Blood:
0.677

0
30

60

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

m Fluids ratio sTBI

M
ea

n/
m

ea
n sTBI MD/CSF:

0.693
sTBI MD/Blood:

0.936
sTBI CSF/Blood:

0.964

0
40

10
0

M
D

CSF
Bloo

d

n Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F sTBI MD:
0.958

sTBI CSF:
0.809

sTBI Blood:
0.998

MEM p-val

sTBI MD:
0.901

sTBI CSF:
0.739

sTBI Blood:
0.962

mTBI Blood:
0.711

Legend

Good outcome
Bad outcome

LOD
Blanks mean
pnBlood
pnCSF
Good outcome
Bad outcome

ICP

F
lu

o.
 (

R
F

U
)

4.0

4.5

5.0

5.5

10 20 30 40 50 60 70

MD 1:4 (sTBI)o

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No ICP data

p

0
4

8

M
D

CSF
Bloo

d

Peak amplitude

M
ax

-m
in

/m
ea

n q sTBI MD:
0.164

sTBI CSF:
NA

sTBI Blood:
0.835

0.
0

1.
0

2.
0

M
D

CSF
Bloo

d

Peak time

T
im

e 
(d

ay
s)

r sTBI MD:
0.245

sTBI CSF:
NA

sTBI Blood:
0.932

0
4

8

M
D

CSF
Bloo

d

Ratio to pnBlood

M
ea

n/
pn

B
lo

od s sTBI MD:
0.949

sTBI CSF:
0.826

sTBI Blood:
0.774

0
20

40

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

t Fluids ratio

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.681
sTBI CSF/Blood:

0.935

0
30

60

M
D

CSF
Bloo

d

u Ratio to pnCSF

M
ea

n/
pn

C
S

F sTBI MD:
0.949

sTBI CSF:
0.826

sTBI Blood:
0.774

MEM p-val

sTBI MD:
0.931

sTBI CSF:
0.929

sTBI Blood:
0.746

Legend

High ICP
Low ICP

LOD
Blanks mean
pnBlood
pnCSF
High ICP
Low ICP

Figure J.S32: Differential ALDH1L1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average ALDH1L1 profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD
at each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S33: Individual Amphiregulin protein profiles and peak and ratio analysis. Am-
phiregulin concentration in microdialysate, CSF and blood samples of individual sTBI patients (a)
and mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Amphiregulin comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S34: Differential Amphiregulin protein profiles and peak and ratio analysis with
respect to TBI severity, outcome and ICP. Average Amphiregulin profiles are compared in
terms of TBI severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the
mean value ±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the
threshold of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values
for comparisons are shown on the right of every graph.
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Ang1 individual patient data
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Figure J.S35: Individual Ang1 protein profiles and peak and ratio analysis. Ang1 concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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Ang1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S36: Differential Ang1 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average Ang1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Ang2 individual patient data
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Figure J.S37: Individual Ang2 protein profiles and peak and ratio analysis. Ang2 concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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Ang2 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S38: Differential Ang2 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average Ang2 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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β-NGF individual patient data
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Figure J.S39: Individual β-NGF protein profiles and peak and ratio analysis. β-NGF concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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β-NGF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S40: Differential β-NGF protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average β-NGF profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S41: Individual BDNF protein profiles and peak and ratio analysis. BDNF concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 946

BDNF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S42: Differential BDNF protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average BDNF profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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BMP2 individual patient data
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Figure J.S43: Individual BMP2 protein profiles and peak and ratio analysis. BMP2 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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BMP2 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S44: Differential BMP2 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average BMP2 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S45: Individual BRAF protein profiles and peak and ratio analysis. BRAF concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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BRAF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S46: Differential BRAF protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average BRAF profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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c-Kit individual patient data
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Figure J.S47: Individual c-Kit protein profiles and peak and ratio analysis. c-Kit concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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c-Kit comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S48: Differential c-Kit protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average c-Kit profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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CA15-3 individual patient data
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Figure J.S49: Individual CA15-3 protein profiles and peak and ratio analysis. CA15-3
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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CA15-3 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S50: Differential CA15-3 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average CA15-3 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Cathepsin B individual patient data
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Figure J.S51: Individual Cathepsin B protein profiles and peak and ratio analysis. Cathepsin
B concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Cathepsin B comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S52: Differential Cathepsin B protein profiles and peak and ratio analysis with
respect to TBI severity, outcome and ICP. Average Cathepsin B profiles are compared in terms
of TBI severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the
mean value ±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the
threshold of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values
for comparisons are shown on the right of every graph.
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CCL5 individual patient data
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Figure J.S53: Individual CCL5 protein profiles and peak and ratio analysis. CCL5 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 958

CCL5 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S54: Differential CCL5 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average CCL5 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S55: Individual CD14 protein profiles and peak and ratio analysis. CD14 concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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CD14 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S56: Differential CD14 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average CD14 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S57: Individual CEAprotein profiles and peak and ratio analysis. CEA concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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CEA comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S58: Differential CEA protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average CEA profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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CRP individual patient data
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Figure J.S59: Individual CRP protein profiles and peak and ratio analysis. CRP concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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CRP comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S60: Differential CRP protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average CRP profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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CXCL12 individual patient data
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Figure J.S61: Individual CXCL12 protein profiles and peak and ratio analysis. CXCL12
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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CXCL12 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S62: DifferentialCXCL12protein profiles andpeak and ratio analysiswith respect to
TBI severity, outcome and ICP. Average CXCL12 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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E-cadherin individual patient data
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Figure J.S63: Individual E-cadherin protein profiles and peak and ratio analysis. E-cadherin
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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E-cadherin comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S64: Differential E-cadherin protein profiles andpeak and ratio analysiswith respect
to TBI severity, outcome and ICP. Average E-cadherin profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD
at each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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E-selectin individual patient data
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Figure J.S65: Individual E-selectin protein profiles and peak and ratio analysis. E-selectin
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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E-selectin comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S66: Differential E-selectin protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average E-selectin profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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EGF individual patient data
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Figure J.S67: Individual EGF protein profiles and peak and ratio analysis. EGF concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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EGF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S68: Differential EGF protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average EGF profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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EGF-R individual patient data
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Figure J.S69: Individual EGF-R protein profiles and peak and ratio analysis. EGF-R concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 974

EGF-R comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S70: Differential EGF-R protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average EGF-R profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Endoglin individual patient data
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Figure J.S71: Individual Endoglin protein profiles and peak and ratio analysis. Endoglin
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Endoglin comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S72: Differential Endoglin protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average Endoglin profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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Figure J.S73: Individual EpCAM protein profiles and peak and ratio analysis. EpCAM
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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EpCAM comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S74: Differential EpCAMprotein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average EpCAM profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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FAS individual patient data
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Figure J.S75: Individual FAS protein profiles and peak and ratio analysis. FAS concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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FAS comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S76: Differential FAS protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average FAS profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S77: Individual FAS-L protein profiles and peak and ratio analysis. FAS-L concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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FAS-L comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S78: Differential FAS-L protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average FAS-L profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S79: Individual FGF-1 protein profiles and peak and ratio analysis. FGF-1 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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FGF-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S80: Differential FGF-1 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average FGF-1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 985

FGFb individual patient data

F
lu

or
es

ce
nc

e 
(R

F
U

)

2.5
3.0
3.5
4.0
4.5

sTBI-001a sTBI-009 sTBI-010 sTBI-011 sTBI-013 sTBI-015 sTBI-016 sTBI-017

M
D

 1:4

2.5
3.0
3.5
4.0
4.5 C

S
F

 1:3

2.5
3.0
3.5
4.0
4.5

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

B
lood 1:3

Collection time (hours)
GOSe: 
ICP

5 1 1 8 2 5 8 3
High Low High Low High High High Low

0
4

8

1 9 10 11 13 15 16 17

b sTBI peak amplitude

M
ax

-m
in

/m
ea

n

0.
0

1.
5

3.
0

1 9 10 11 13 15 16 17

c sTBI peak time

T
im

e 
(d

ay
s)

0.
0

1.
0

2.
0

1 9 10 11 13 15 16 17

d sTBI ratio to pnBlood

M
ea

n/
pn

B
lo

od

0
2

4
6

8

1 9 10 11 13 15 16 17

e sTBI fluids ratio

M
ea

n/
m

ea
n

MD/Blood

MD/CSF

CSF/Blood

MD

CSF

Blood

Not tested

Data
LOD
Blanks mean
pnBlood
pnCSF

Day1 Peak

Day2 Peak

Day3 Peak

0
2

4
6

8

1 9 10 11 13 15 16 17

f sTBI ratio to pnCSF

M
ea

n/
pn

C
S

F

F
lu

o.
 (

R
F

U
)

5.2
5.4
5.6
5.8

0 20 40 60 80

mTBI-003g

0 20 40 60 80

mTBI-004

0 20 40 60 80

mTBI-005

0 20 40 60 80

mTBI-006

0 20 40 60 80

mTBI-007

0 20 40 60 80

mTBI-008

0 20 40 60 80

mTBI-009

B
lood 1:3

Collection time (hours)
Outcome: 
Dx

7 6 NA 8 7 8 NA
Complex Complex Trauma Complex Complex Complex Simple

0.
0

1.
0

2.
0

3 4 5 6 7 8 9

h mTBI peak amplitude

M
ax

-m
in

/m
ea

n

0.
0

1.
0

2.
0

3 4 5 6 7 8 9

i mTBI peak time

T
im

e 
(d

ay
s)

0.
0

0.
6

1.
2

3 4 5 6 7 8 9

j mTBI ratio to pnBlood

M
ea

n/
pn

B
lo

od

Figure J.S81: Individual FGFb protein profiles and peak and ratio analysis. FGFb concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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FGFb comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S82: Differential FGFb protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average FGFb profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Flt-3 individual patient data
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Figure J.S83: Individual Flt-3 protein profiles and peak and ratio analysis. Flt-3 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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Flt-3 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S84: Differential Flt-3 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average Flt-3 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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G-CSF individual patient data
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Figure J.S85: Individual G-CSF protein profiles and peak and ratio analysis. G-CSF concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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G-CSF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S86: Differential G-CSF protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average G-CSF profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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GFAP individual patient data
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Figure J.S87: Individual GFAP protein profiles and peak and ratio analysis. GFAP concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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GFAP comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S88: Differential GFAP protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average GFAP profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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GM-CSF individual patient data
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Figure J.S89: Individual GM-CSF protein profiles and peak and ratio analysis. GM-CSF
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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GM-CSF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S90: Differential GM-CSF protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average GM-CSF profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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GRO-α individual patient data
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Figure J.S91: Individual GRO-α protein profiles and peak and ratio analysis. GRO-α
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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GRO-α comparison of TBI severity, outcome and ICPTBI severity

F
lu

o.
 (

R
F

U
)

3.5
4.0
4.5
5.0
5.5
6.0
6.5

10 20 30 40 50 60 70

MD 1:4 (sTBI)a

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

-8.5

-8.0

-7.5

-7.0

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

b
0

4
8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

c
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
0.883

Severe-Simple
NA

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern 0.

0
1.

5

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

d
Peak time

sTBI mTBI

T
im

e 
(d

ay
s)

Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
0.957

Severe-Simple
NA

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
2

4

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

e
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

Complex-Simple
0.674

Complex-Trauma
0.695

Severe-Complex
0.923

Severe-Simple
0.71

Severe-Trauma
0.714

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
20

40

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

f Fluids ratio sTBI

M
ea

n/
m

ea
n

Fluids Ratio:
MD > CSF > Blood

0
30

60

M
D

CSF
Bloo

d

g Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F MEM p-val

mTBI:
0.846

Legend

MD/Blood
MD/CSF

CSF/Blood
MD
CSF

Blood

LOD
Blanks mean
pnBlood
pnCSF
sTBI (all)
mTBIC
mTBIS
Trauma

Outcome

F
lu

o.
 (

R
F

U
)

4

5

6

7

10 20 30 40 50 60 70

MD 1:4 (sTBI)h

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

-8.0

-7.5

-7.0

-6.5

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

i

0
4

8

M
D

CSF
Bloo

d

Com
ple

x

j
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n sTBI MD:
0.837

sTBI CSF:
NA

sTBI Blood:
0.947

mTBI Complex Blood:
NA

0.
0

1.
5

M
D

CSF
Bloo

d

Com
ple

x

k
Peak time
sTBI mTBI

T
im

e 
(d

ay
s)

sTBI MD:
0.748

sTBI CSF:
NA

sTBI Blood:
0.988

mTBI Complex Blood:
NA

0
2

4
6

M
D

CSF
Bloo

d

Com
ple

x

l
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

sTBI MD:
0.923

sTBI CSF:
0.809

sTBI Blood:
0.998

mTBI Complex Blood:
0.677

0
30

60

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

m Fluids ratio sTBI

M
ea

n/
m

ea
n sTBI MD/CSF:

0.992
sTBI MD/Blood:

0.936
sTBI CSF/Blood:

0.964

0
30

60

M
D

CSF
Bloo

d

n Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F sTBI MD:
0.923

sTBI CSF:
0.809

sTBI Blood:
0.998

MEM p-val

sTBI MD:
0.845

sTBI CSF:
1.0

sTBI Blood:
0.962

mTBI Blood:
0.372

Legend

Good outcome
Bad outcome

LOD
Blanks mean
pnBlood
pnCSF
Good outcome
Bad outcome

ICP

F
lu

o.
 (

R
F

U
)

3.5
4.0
4.5
5.0
5.5
6.0
6.5

10 20 30 40 50 60 70

MD 1:4 (sTBI)o

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No ICP data

p

0
4

8

M
D

CSF
Bloo

d

Peak amplitude

M
ax

-m
in

/m
ea

n q sTBI MD:
0.658

sTBI CSF:
NA

sTBI Blood:
0.835

0.
0

1.
5

M
D

CSF
Bloo

d

Peak time

T
im

e 
(d

ay
s)

r sTBI MD:
0.245

sTBI CSF:
NA

sTBI Blood:
0.966

0
2

4

M
D

CSF
Bloo

d

Ratio to pnBlood

M
ea

n/
pn

B
lo

od s sTBI MD:
0.582

sTBI CSF:
0.826

sTBI Blood:
0.706

0
20

50

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

t Fluids ratio

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.681
sTBI CSF/Blood:

0.876

0
30

60

M
D

CSF
Bloo

d

u Ratio to pnCSF

M
ea

n/
pn

C
S

F sTBI MD:
0.582

sTBI CSF:
0.826

sTBI Blood:
0.706

MEM p-val

sTBI MD:
0.931

sTBI CSF:
0.929

sTBI Blood:
0.746

Legend

High ICP
Low ICP

LOD
Blanks mean
pnBlood
pnCSF
High ICP
Low ICP

Figure J.S92: Differential GRO-α protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average GRO-α profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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HAI-1 individual patient data
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Figure J.S93: Individual HAI-1 protein profiles and peak and ratio analysis. HAI-1 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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HAI-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S94: Differential HAI-1 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average HAI-1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S95: Individual HE4 protein profiles and peak and ratio analysis. HE4 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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HE4 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S96: Differential HE4 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average HE4 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S97: Individual HER2 protein profiles and peak and ratio analysis. HER2 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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Figure J.S98: Differential HER2 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average HER2 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S99: Individual HER3 protein profiles and peak and ratio analysis. HER3 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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Figure J.S100: Differential HER3 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average HER3 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S101: Individual HGF protein profiles and peak and ratio analysis. HGF concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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HGF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S102: Differential HGF protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average HGF profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S103: Individual HGF-R protein profiles and peak and ratio analysis. HGF-R
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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HGF-R comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S104: Differential HGF-R protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average HGF-R profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S105: Individual HMGB1 protein profiles and peak and ratio analysis. HMGB1
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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HMGB1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S106: Differential HMGB1 protein profiles and peak and ratio analysis with respect
toTBI severity, outcomeand ICP.AverageHMGB1profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S107: IndividualHP protein profiles and peak and ratio analysis. HP concentration in
microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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HP comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S108: Differential HP protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP.Average HP profiles are compared in terms of TBI severity (a-g),
outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at each time
point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak, rather
than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to the
measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown on
the right of every graph.
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ICAM-1 individual patient data
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Figure J.S109: Individual ICAM-1 protein profiles and peak and ratio analysis. ICAM-
1 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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ICAM-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S110: Differential ICAM-1 protein profiles and peak and ratio analysis with respect
toTBI severity, outcome and ICP.Average ICAM-1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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IFN-γ individual patient data
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Figure J.S111: Individual IFN-γ protein profiles and peak and ratio analysis. IFN-γ concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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IFN-γ comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S112: Differential IFN-γ protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IFN-γ profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S113: Individual IGFBP-1 protein profiles and peak and ratio analysis. IGFBP-
1 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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IGFBP-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S114: Differential IGFBP-1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IGFBP-1 profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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IGFBP-3 individual patient data

F
lu

or
es

ce
nc

e 
(R

F
U

) 4.5
5.0
5.5
6.0
6.5

sTBI-001a sTBI-009 sTBI-010 sTBI-011 sTBI-013 sTBI-015 sTBI-016 sTBI-017

M
D

 1:4

4.5
5.0
5.5
6.0
6.5 C

S
F

 1:3

4.5
5.0
5.5
6.0
6.5

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

B
lood 1:3

Collection time (hours)
GOSe: 
ICP

5 1 1 8 2 5 8 3
High Low High Low High High High Low

0
4

8

1 9 10 11 13 15 16 17

b sTBI peak amplitude

M
ax

-m
in

/m
ea

n

0.
0

1.
5

3.
0

1 9 10 11 13 15 16 17

c sTBI peak time

T
im

e 
(d

ay
s)

0
2

4
6

1 9 10 11 13 15 16 17

d sTBI ratio to pnBlood

M
ea

n/
pn

B
lo

od

0
5

10
20

1 9 10 11 13 15 16 17

e sTBI fluids ratio

M
ea

n/
m

ea
n

MD/Blood

MD/CSF

CSF/Blood

MD

CSF

Blood

Not tested

Data
LOD
Blanks mean
pnBlood
pnCSF

Day1 Peak

Day2 Peak

Day3 Peak

0
10

20
30

1 9 10 11 13 15 16 17

f sTBI ratio to pnCSF

M
ea

n/
pn

C
S

F

F
lu

o.
 (

R
F

U
)

5.5
6.0
6.5
7.0
7.5
8.0

0 20 40 60 80

mTBI-003g

0 20 40 60 80

mTBI-004

0 20 40 60 80

mTBI-005

0 20 40 60 80

mTBI-006

0 20 40 60 80

mTBI-007

0 20 40 60 80

mTBI-008

0 20 40 60 80

mTBI-009

B
lood 1:3

Collection time (hours)
Outcome: 
Dx

7 6 NA 8 7 8 NA
Complex Complex Trauma Complex Complex Complex Simple

0.
0

1.
0

3 4 5 6 7 8 9

h mTBI peak amplitude

M
ax

-m
in

/m
ea

n

0.
0

1.
0

2.
0

3 4 5 6 7 8 9

i mTBI peak time

T
im

e 
(d

ay
s)

0.
0

0.
6

1.
2

3 4 5 6 7 8 9

j mTBI ratio to pnBlood

M
ea

n/
pn

B
lo

od

Figure J.S115: Individual IGFBP-3 protein profiles and peak and ratio analysis. IGFBP-
3 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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IGFBP-3 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S116: Differential IGFBP-3 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IGFBP-3 profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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Figure J.S117: Individual IGFBP-7 protein profiles and peak and ratio analysis. IGFBP-
7 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Figure J.S118: Differential IGFBP-7 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IGFBP-7 profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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Figure J.S119: Individual IL-10 protein profiles and peak and ratio analysis. IL-10 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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IL-10 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S120: Differential IL-10 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IL-10 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S121: Individual IL-12 protein profiles and peak and ratio analysis. IL-12 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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IL-12 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S122: Differential IL-12 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IL-12 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S123: Individual IL-15 protein profiles and peak and ratio analysis. IL-15 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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IL-15 comparison of TBI severity, outcome and ICPTBI severity

F
lu

o.
 (

R
F

U
)

3.0

3.5

4.0

4.5

10 20 30 40 50 60 70

MD 1:4 (sTBI)a

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

6.0
6.2
6.4
6.6
6.8
7.0
7.2

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

b
0

4
8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

c
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
NA

Severe-Simple
NA

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern 0.

0
1.

5

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

d
Peak time

sTBI mTBI

T
im

e 
(d

ay
s)

Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
NA

Severe-Simple
NA

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
10

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

e
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
0.923

Severe-Simple
0.591

Severe-Trauma
0.632

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
10

20

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

f Fluids ratio sTBI

M
ea

n/
m

ea
n

Fluids Ratio:
None

0
10

M
D

CSF
Bloo

d

g Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F MEM p-val

mTBI:
0.846

Legend

MD/Blood
MD/CSF

CSF/Blood
MD
CSF

Blood

LOD
Blanks mean
pnBlood
pnCSF
sTBI (all)
mTBIC
mTBIS
Trauma

Outcome

F
lu

o.
 (

R
F

U
)

3.0

3.5

4.0

4.5

10 20 30 40 50 60 70

MD 1:4 (sTBI)h

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

6.0

6.5

7.0

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

i

0
4

8

M
D

CSF
Bloo

d

Com
ple

x

j
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n sTBI MD:
0.000671

sTBI CSF:
NA

sTBI Blood:
0.491

mTBI Complex Blood:
NA

0.
0

1.
5

3.
0

M
D

CSF
Bloo

d

Com
ple

x

k
Peak time
sTBI mTBI

T
im

e 
(d

ay
s)

sTBI MD:
0.748

sTBI CSF:
NA

sTBI Blood:
NA

mTBI Complex Blood:
NA

0
15

30
M

D
CSF

Bloo
d

Com
ple

x

l
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

sTBI MD:
0.923

sTBI CSF:
0.809

sTBI Blood:
0.998

mTBI Complex Blood:
NA

0
15

30

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

m Fluids ratio sTBI

M
ea

n/
m

ea
n sTBI MD/CSF:

0.704
sTBI MD/Blood:

0.936
sTBI CSF/Blood:

0.964

0
15

30

M
D

CSF
Bloo

d

n Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F sTBI MD:
0.923

sTBI CSF:
0.809

sTBI Blood:
0.998

MEM p-val

sTBI MD:
0.664

sTBI CSF:
0.249

sTBI Blood:
0.962

mTBI Blood:
0.372

Legend

Good outcome
Bad outcome

LOD
Blanks mean
pnBlood
pnCSF
Good outcome
Bad outcome

ICP

F
lu

o.
 (

R
F

U
)

3.0

3.5

4.0

4.5

10 20 30 40 50 60 70

MD 1:4 (sTBI)o

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No ICP data

p

0
4

8

M
D

CSF
Bloo

d

Peak amplitude

M
ax

-m
in

/m
ea

n q sTBI MD:
0.67

sTBI CSF:
NA

sTBI Blood:
0.953

0.
0

1.
5

3.
0

M
D

CSF
Bloo

d

Peak time

T
im

e 
(d

ay
s)

r sTBI MD:
0.245

sTBI CSF:
NA

sTBI Blood:
0.932

0
10

20

M
D

CSF
Bloo

d

Ratio to pnBlood

M
ea

n/
pn

B
lo

od s sTBI MD:
0.936

sTBI CSF:
0.826

sTBI Blood:
0.706

0
10

20

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

t Fluids ratio

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.775
sTBI CSF/Blood:

0.876

0
10

20

M
D

CSF
Bloo

d

u Ratio to pnCSF

M
ea

n/
pn

C
S

F sTBI MD:
0.936

sTBI CSF:
0.826

sTBI Blood:
0.706

MEM p-val

sTBI MD:
0.931

sTBI CSF:
0.935

sTBI Blood:
0.746

Legend

High ICP
Low ICP

LOD
Blanks mean
pnBlood
pnCSF
High ICP
Low ICP

Figure J.S124: Differential IL-15 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IL-15 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 1029
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Figure J.S125: Individual IL-18 protein profiles and peak and ratio analysis. IL-18 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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IL-18 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S126: Differential IL-18 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IL-18 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S127: Individual IL-1β protein profiles and peak and ratio analysis. IL-1β concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 1032

IL-1β comparison of TBI severity, outcome and ICPTBI severity

F
lu

o.
 (

R
F

U
)

6.0

6.5

7.0

7.5

10 20 30 40 50 60 70

MD 1:4 (sTBI)a

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

4.0

4.5

5.0

5.5

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

b
0

4
8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

c
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n Complex-Simple
0.3

Complex-Trauma
NA

Severe-Complex
0.738

Severe-Simple
0.907

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern 0.

0
1.

5

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

d
Peak time

sTBI mTBI

T
im

e 
(d

ay
s)

Complex-Simple
0.289

Complex-Trauma
NA

Severe-Complex
0.957

Severe-Simple
0.43

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
3

6

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

e
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

Complex-Simple
0.724

Complex-Trauma
0.695

Severe-Complex
0.923

Severe-Simple
0.705

Severe-Trauma
0.587

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
20

50

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

f Fluids ratio sTBI

M
ea

n/
m

ea
n

Fluids Ratio:
None

0
20

40

M
D

CSF
Bloo

d

g Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F MEM p-val

mTBI:
0.846

Legend

MD/Blood
MD/CSF

CSF/Blood
MD
CSF

Blood

LOD
Blanks mean
pnBlood
pnCSF
sTBI (all)
mTBIC
mTBIS
Trauma

Outcome

F
lu

o.
 (

R
F

U
)

5.5
6.0
6.5
7.0
7.5
8.0

10 20 30 40 50 60 70

MD 1:4 (sTBI)h

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

4.5
5.0
5.5
6.0
6.5

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

i

0
4

8

M
D

CSF
Bloo

d

Com
ple

x

j
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n sTBI MD:
0.837

sTBI CSF:
NA

sTBI Blood:
0.947

mTBI Complex Blood:
NA

0.
0

2.
0

M
D

CSF
Bloo

d

Com
ple

x

k
Peak time
sTBI mTBI

T
im

e 
(d

ay
s)

sTBI MD:
0.748

sTBI CSF:
NA

sTBI Blood:
0.931

mTBI Complex Blood:
NA

0
4

8
M

D
CSF

Bloo
d

Com
ple

x

l
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

sTBI MD:
0.923

sTBI CSF:
0.809

sTBI Blood:
0.998

mTBI Complex Blood:
0.677

0
30

60

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

m Fluids ratio sTBI

M
ea

n/
m

ea
n sTBI MD/CSF:

0.693
sTBI MD/Blood:

0.936
sTBI CSF/Blood:

0.964

0
30

60

M
D

CSF
Bloo

d

n Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F sTBI MD:
0.923

sTBI CSF:
0.809

sTBI Blood:
0.998

MEM p-val

sTBI MD:
0.48

sTBI CSF:
0.739

sTBI Blood:
0.962

mTBI Blood:
0.372

Legend

Good outcome
Bad outcome

LOD
Blanks mean
pnBlood
pnCSF
Good outcome
Bad outcome

ICP

F
lu

o.
 (

R
F

U
)

5.5
6.0
6.5
7.0
7.5
8.0

10 20 30 40 50 60 70

MD 1:4 (sTBI)o

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No ICP data

p

0
4

8

M
D

CSF
Bloo

d

Peak amplitude

M
ax

-m
in

/m
ea

n q sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.835

0.
0

1.
5

M
D

CSF
Bloo

d

Peak time

T
im

e 
(d

ay
s)

r sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.932

0
4

8

M
D

CSF
Bloo

d

Ratio to pnBlood

M
ea

n/
pn

B
lo

od s sTBI MD:
0.601

sTBI CSF:
0.826

sTBI Blood:
0.706

0
20

50

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

t Fluids ratio

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.681
sTBI CSF/Blood:

0.876

0
20

50

M
D

CSF
Bloo

d

u Ratio to pnCSF

M
ea

n/
pn

C
S

F sTBI MD:
0.601

sTBI CSF:
0.826

sTBI Blood:
0.706

MEM p-val

sTBI MD:
0.963

sTBI CSF:
0.688

sTBI Blood:
0.746

Legend

High ICP
Low ICP

LOD
Blanks mean
pnBlood
pnCSF
High ICP
Low ICP

Figure J.S128: Differential IL-1β protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IL-1β profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S129: Individual IL-1ra protein profiles and peak and ratio analysis. IL-1ra concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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IL-1ra comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S130: Differential IL-1ra protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average IL-1ra profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S131: Individual IL-2 protein profiles and peak and ratio analysis. IL-2 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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IL-2 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S132: Differential IL-2 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average IL-2 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S133: Individual IL-3 protein profiles and peak and ratio analysis. IL-3 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 1038

IL-3 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S134: Differential IL-3 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average IL-3 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S135: Individual IL-4 protein profiles and peak and ratio analysis. IL-4 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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IL-4 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S136: Differential IL-4 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average IL-4 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S137: Individual IL-5 protein profiles and peak and ratio analysis. IL-5 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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IL-5 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S138: Differential IL-5 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average IL-5 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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IL-6 individual patient data
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Figure J.S139: Individual IL-6 protein profiles and peak and ratio analysis. IL-6 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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IL-6 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S140: Differential IL-6 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average IL-6 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S141: Individual IL-7 protein profiles and peak and ratio analysis. IL-7 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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IL-7 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S142: Differential IL-7 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average IL-7 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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IL-8 individual patient data
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Figure J.S143: Individual IL-8 protein profiles and peak and ratio analysis. IL-8 concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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IL-8 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S144: Differential IL-8 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average IL-8 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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IP-10 individual patient data
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Figure J.S145: Individual IP-10 protein profiles and peak and ratio analysis. IP-10 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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IP-10 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S146: Differential IP-10 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average IP-10 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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KLK14 individual patient data
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Figure J.S147: Individual KLK14 protein profiles and peak and ratio analysis. KLK14
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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KLK14 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S148: Differential KLK14 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average KLK14 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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KLK8 individual patient data
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Figure J.S149: Individual KLK8 protein profiles and peak and ratio analysis. KLK8 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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KLK8 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S150: Differential KLK8 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average KLK8 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Leptin individual patient data
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Figure J.S151: Individual Leptin protein profiles and peak and ratio analysis. Leptin concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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Leptin comparison of TBI severity, outcome and ICPTBI severity

F
lu

o.
 (

R
F

U
)

3.6
3.8
4.0
4.2
4.4
4.6
4.8

10 20 30 40 50 60 70

MD 1:4 (sTBI)a

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

5.0
5.1
5.2
5.3
5.4
5.5

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

b
0

4
8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

c
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
0.883

Severe-Simple
NA

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern 0.

0
1.

5

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

d
Peak time

sTBI mTBI

T
im

e 
(d

ay
s)

Complex-Simple
NA

Complex-Trauma
NA

Severe-Complex
0.957

Severe-Simple
NA

Severe-Trauma
NA

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
2

4

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

e
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

Complex-Simple
0.674

Complex-Trauma
0.695

Severe-Complex
0.923

Severe-Simple
0.705

Severe-Trauma
0.714

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
2

4

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

f Fluids ratio sTBI

M
ea

n/
m

ea
n

Fluids Ratio:
MD > Blood > CSF

0
5

15

M
D

CSF
Bloo

d

g Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F MEM p-val

mTBI:
1.0

Legend

MD/Blood
MD/CSF

CSF/Blood
MD
CSF

Blood

LOD
Blanks mean
pnBlood
pnCSF
sTBI (all)
mTBIC
mTBIS
Trauma

Outcome

F
lu

o.
 (

R
F

U
)

3.5

4.0

4.5

5.0

10 20 30 40 50 60 70

MD 1:4 (sTBI)h

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

4.9
5.0
5.1
5.2
5.3
5.4
5.5

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

i

0
4

8

M
D

CSF
Bloo

d

Com
ple

x

j
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.947

mTBI Complex Blood:
NA

0.
0

1.
5

3.
0

M
D

CSF
Bloo

d

Com
ple

x

k
Peak time
sTBI mTBI

T
im

e 
(d

ay
s)

sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.819

mTBI Complex Blood:
NA

0
2

4
M

D
CSF

Bloo
d

Com
ple

x

l
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

sTBI MD:
0.949

sTBI CSF:
0.864

sTBI Blood:
0.998

mTBI Complex Blood:
0.677

0
4

8

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

m Fluids ratio sTBI

M
ea

n/
m

ea
n sTBI MD/CSF:

0.693
sTBI MD/Blood:

0.957
sTBI CSF/Blood:

0.964

0
10

20

M
D

CSF
Bloo

d

n Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F sTBI MD:
0.949

sTBI CSF:
0.864

sTBI Blood:
0.998

MEM p-val

sTBI MD:
1.0

sTBI CSF:
0.662

sTBI Blood:
0.962

mTBI Blood:
0.42

Legend

Good outcome
Bad outcome

LOD
Blanks mean
pnBlood
pnCSF
Good outcome
Bad outcome

ICP

F
lu

o.
 (

R
F

U
)

3.5

4.0

4.5

5.0

10 20 30 40 50 60 70

MD 1:4 (sTBI)o

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No ICP data

p

0
4

8

M
D

CSF
Bloo

d

Peak amplitude

M
ax

-m
in

/m
ea

n q sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.835

0.
0

1.
5

M
D

CSF
Bloo

d

Peak time

T
im

e 
(d

ay
s)

r sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.932

0
2

4
6

M
D

CSF
Bloo

d

Ratio to pnBlood

M
ea

n/
pn

B
lo

od s sTBI MD:
7.73e-05

sTBI CSF:
0.826

sTBI Blood:
0.767

0
2

4

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

t Fluids ratio

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.0537
sTBI CSF/Blood:

0.876

0
10

25

M
D

CSF
Bloo

d

u Ratio to pnCSF

M
ea

n/
pn

C
S

F sTBI MD:
7.73e-05

sTBI CSF:
0.826

sTBI Blood:
0.767

MEM p-val

sTBI MD:
0.931

sTBI CSF:
0.935

sTBI Blood:
0.746

Legend

High ICP
Low ICP

LOD
Blanks mean
pnBlood
pnCSF
High ICP
Low ICP

Figure J.S152: Differential Leptin protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average Leptin profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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M-CSF individual patient data
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Figure J.S153: Individual M-CSF protein profiles and peak and ratio analysis. M-CSF
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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M-CSF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S154: Differential M-CSF protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.AverageM-CSF profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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MCP1 individual patient data
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Figure J.S155: Individual MCP1 protein profiles and peak and ratio analysis. MCP1 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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MCP1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S156: Differential MCP1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average MCP1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S157: Individual MCP2 protein profiles and peak and ratio analysis. MCP2 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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MCP2 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S158: Differential MCP2 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average MCP2 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S159: Individual MCP3 protein profiles and peak and ratio analysis. MCP3 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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MCP3 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S160: Differential MCP3 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average MCP3 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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MCP4 individual patient data
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Figure J.S161: Individual MCP4 protein profiles and peak and ratio analysis. MCP4 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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MCP4 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S162: Differential MCP4 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average MCP4 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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MIG individual patient data
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Figure J.S163: Individual MIG protein profiles and peak and ratio analysis. MIG concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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MIG comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S164: Differential MIG protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average MIG profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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MIP-1α individual patient data
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Figure J.S165: Individual MIP-1α protein profiles and peak and ratio analysis. MIP-1α
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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MIP-1α comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S166: Differential MIP-1α protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.AverageMIP-1α profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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MIP-1β individual patient data
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Figure J.S167: Individual MIP-1β protein profiles and peak and ratio analysis. MIP-1β
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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MIP-1β comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S168: Differential MIP-1β protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.AverageMIP-1β profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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MMP-1 individual patient data
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Figure J.S169: Individual MMP-1 protein profiles and peak and ratio analysis. MMP-
1 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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MMP-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S170: Differential MMP-1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.AverageMMP-1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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MMP-3 individual patient data
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Figure J.S171: Individual MMP-3 protein profiles and peak and ratio analysis. MMP-
3 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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MMP-3 comparison of TBI severity, outcome and ICPTBI severity

F
lu

o.
 (

R
F

U
)

6

7

8

9

10 20 30 40 50 60 70

MD 1:4 (sTBI)a

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

0.5
1.0
1.5
2.0
2.5
3.0

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

b
0

4
8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

c
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n Complex-Simple
0.3

Complex-Trauma
0.838

Severe-Complex
0.883

Severe-Simple
3.5e-07

Severe-Trauma
0.729

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern 0.

0
1.

5

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

d
Peak time

sTBI mTBI

T
im

e 
(d

ay
s)

Complex-Simple
0.768

Complex-Trauma
0.094

Severe-Complex
0.643

Severe-Simple
0.178

Severe-Trauma
0.785

Severe->Trauma:
No pattern

Complex->Trauma:
Increase 0.

0
1.

0

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

e
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

Complex-Simple
0.674

Complex-Trauma
0.856

Severe-Complex
0.923

Severe-Simple
0.0292

Severe-Trauma
0.303

Severe->Trauma:
No pattern

Complex->Trauma:
No pattern

0
4

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

f Fluids ratio sTBI

M
ea

n/
m

ea
n

Fluids Ratio:
MD > Blood > CSF

0.
0

2.
0

M
D

CSF
Bloo

d

g Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F MEM p-val

mTBI:
0.846

Legend

MD/Blood
MD/CSF

CSF/Blood
MD
CSF

Blood

LOD
Blanks mean
pnBlood
pnCSF
sTBI (all)
mTBIC
mTBIS
Trauma

Outcome

F
lu

o.
 (

R
F

U
)

6

7

8

9

10

10 20 30 40 50 60 70

MD 1:4 (sTBI)h

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

0.5
1.0
1.5
2.0
2.5
3.0

20 30 40 50 60 70

Blood 1:3 (mTBI)

F
lu

o.
 (

R
F

U
)

Collection time (hours)

i

0
4

8

M
D

CSF
Bloo

d

Com
ple

x

j
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n sTBI MD:
0.837

sTBI CSF:
0.964

sTBI Blood:
0.947

mTBI Complex Blood:
0.693

0.
0

1.
5

M
D

CSF
Bloo

d

Com
ple

x

k
Peak time
sTBI mTBI

T
im

e 
(d

ay
s)

sTBI MD:
0.844

sTBI CSF:
0.932

sTBI Blood:
0.861

mTBI Complex Blood:
0.769

0.
0

1.
5
M

D
CSF

Bloo
d

Com
ple

x

l
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

sTBI MD:
0.923

sTBI CSF:
0.809

sTBI Blood:
0.998

mTBI Complex Blood:
0.677

0
4

8

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

m Fluids ratio sTBI

M
ea

n/
m

ea
n sTBI MD/CSF:

0.693
sTBI MD/Blood:

0.936
sTBI CSF/Blood:

0.964

0
2

4

M
D

CSF
Bloo

d

n Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F sTBI MD:
0.923

sTBI CSF:
0.809

sTBI Blood:
0.998

MEM p-val

sTBI MD:
0.911

sTBI CSF:
0.145

sTBI Blood:
0.962

mTBI Blood:
0.372

Legend

Good outcome
Bad outcome

LOD
Blanks mean
pnBlood
pnCSF
Good outcome
Bad outcome

ICP

F
lu

o.
 (

R
F

U
)

6

7

8

9

10

10 20 30 40 50 60 70

MD 1:4 (sTBI)o

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No ICP data

p

0
4

8

M
D

CSF
Bloo

d

Peak amplitude

M
ax

-m
in

/m
ea

n q sTBI MD:
0.0439

sTBI CSF:
0.227

sTBI Blood:
0.998

0.
0

1.
5

M
D

CSF
Bloo

d

Peak time

T
im

e 
(d

ay
s)

r sTBI MD:
0.492

sTBI CSF:
0.592

sTBI Blood:
0.932

0.
0

1.
0

M
D

CSF
Bloo

d

Ratio to pnBlood

M
ea

n/
pn

B
lo

od s sTBI MD:
0.89

sTBI CSF:
0.826

sTBI Blood:
0.706

0
4

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

t Fluids ratio

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.75
sTBI CSF/Blood:

0.876

0
2

M
D

CSF
Bloo

d

u Ratio to pnCSF

M
ea

n/
pn

C
S

F sTBI MD:
0.89

sTBI CSF:
0.826

sTBI Blood:
0.706

MEM p-val

sTBI MD:
0.963

sTBI CSF:
0.935

sTBI Blood:
0.746

Legend

High ICP
Low ICP

LOD
Blanks mean
pnBlood
pnCSF
High ICP
Low ICP

Figure J.S172: Differential MMP-3 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.AverageMMP-3 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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MMP-9 individual patient data
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Figure J.S173: Individual MMP-9 protein profiles and peak and ratio analysis. MMP-
9 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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MMP-9 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S174: Differential MMP-9 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.AverageMMP-9 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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NCAM-1 individual patient data
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Figure J.S175: Individual NCAM-1 protein profiles and peak and ratio analysis. NCAM-
1 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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NCAM-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S176: Differential NCAM-1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average NCAM-1 profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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NT-3 individual patient data
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Figure J.S177: Individual NT-3 protein profiles and peak and ratio analysis. NT-3 concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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NT-3 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S178: Differential NT-3 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average NT-3 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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OPN individual patient data
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Figure J.S179: Individual OPN protein profiles and peak and ratio analysis. OPN concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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OPN comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S180: Differential OPN protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average OPN profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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PAI-1 individual patient data
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Figure J.S181: Individual PAI-1 protein profiles and peak and ratio analysis. PAI-1 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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PAI-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S182: Differential PAI-1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average PAI-1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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PDGF-BB individual patient data
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Figure J.S183: Individual PDGF-BB protein profiles and peak and ratio analysis. PDGF-
BB concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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PDGF-BB comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S184: Differential PDGF-BBprotein profiles andpeakand ratio analysiswith respect
to TBI severity, outcome and ICP. Average PDGF-BB profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD
at each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S185: Individual PRLprotein profiles andpeak and ratio analysis. PRLconcentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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PRL comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S186: Differential PRL protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average PRL profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S187: Individual PSAprotein profiles and peak and ratio analysis. PSA concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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Figure J.S188: Differential PSA protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average PSA profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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RBP4 individual patient data
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Figure J.S189: Individual RBP4 protein profiles and peak and ratio analysis. RBP4 concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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RBP4 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S190: Differential RBP4 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average RBP4 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S191: Individual S100B protein profiles and peak and ratio analysis. S100B concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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S100B comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S192: Differential S100B protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average S100B profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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SCGN individual patient data
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Figure J.S193: Individual SCGN protein profiles and peak and ratio analysis. SCGN concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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SCGN comparison of TBI severity, outcome and ICPTBI severity

F
lu

o.
 (

R
F

U
)

6

7

8

9

10

10 20 30 40 50 60 70

MD 1:4 (sTBI)a

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No data

b
0.

0
0.

6

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

c
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n

0.
0

1.
5

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

d
Peak time

sTBI mTBI

T
im

e 
(d

ay
s)

0.
0

0.
8

M
D

CSF
Bloo

d

Com
ple

x

Sim
ple

Tra
um

a

e
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

0.
0

0.
6

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

f Fluids ratio sTBI

M
ea

n/
m

ea
n

Fluids Ratio:
None

0
2

4

M
D

CSF
Bloo

d

g Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F Legend

MD/Blood
MD/CSF

CSF/Blood
MD
CSF

Blood

LOD
Blanks mean
pnBlood
pnCSF
sTBI (all)
mTBIC
mTBIS
Trauma

Outcome

F
lu

o.
 (

R
F

U
)

6

7

8

9

10

10 20 30 40 50 60 70

MD 1:4 (sTBI)h

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

N/A

i

0.
0

0.
6

M
D

CSF
Bloo

d

Com
ple

x

j
Peak amplitude

sTBI mTBI

M
ax

-m
in

/m
ea

n sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.947

0.
0

1.
5

M
D

CSF
Bloo

d

Com
ple

x

k
Peak time
sTBI mTBI

T
im

e 
(d

ay
s)

sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.838

0.
0

0.
8

M
D

CSF
Bloo

d

Com
ple

x

l
Ratio to pnBlood

sTBI mTBI

M
ea

n/
pn

B
lo

od

sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.998

0.
0

0.
6

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

m Fluids ratio sTBI

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.936
sTBI CSF/Blood:

0.964

0
2

4
6

M
D

CSF
Bloo

d

n Ratio pnCSF sTBI

M
ea

n/
pn

C
S

F sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.998

MEM p-val

sTBI MD:
0.752

sTBI CSF:
1.0

sTBI Blood:
0.962

Legend

Good outcome
Bad outcome

LOD
Blanks mean
pnBlood
pnCSF
Good outcome
Bad outcome

ICP

F
lu

o.
 (

R
F

U
)

6

7

8

9

10

10 20 30 40 50 60 70

MD 1:4 (sTBI)o

20 30 40 50 60 70

CSF 1:3 (sTBI)

Collection time (hours)
20 30 40 50 60 70

Blood 1:3 (sTBI)

No ICP data

p

0.
0

0.
6

M
D

CSF
Bloo

d

Peak amplitude

M
ax

-m
in

/m
ea

n q sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.95

0.
0

1.
5

M
D

CSF
Bloo

d

Peak time

T
im

e 
(d

ay
s)

r sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.932

0.
0

0.
6

1.
2

M
D

CSF
Bloo

d

Ratio to pnBlood

M
ea

n/
pn

B
lo

od s sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.934

0.
0

0.
6

M
D/C

SF

M
D/B

loo
d

CSF/B
loo

d

t Fluids ratio

M
ea

n/
m

ea
n sTBI MD/CSF:

NA
sTBI MD/Blood:

0.681
sTBI CSF/Blood:

0.876

0
2

4
6

M
D

CSF
Bloo

d

u Ratio to pnCSF

M
ea

n/
pn

C
S

F sTBI MD:
NA

sTBI CSF:
NA

sTBI Blood:
0.934

MEM p-val

sTBI MD:
0.963

sTBI CSF:
0.935

sTBI Blood:
0.911

Legend

High ICP
Low ICP

LOD
Blanks mean
pnBlood
pnCSF
High ICP
Low ICP

Figure J.S194: Differential SCGN protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average SCGN profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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SPARC individual patient data
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Figure J.S195: Individual SPARC protein profiles and peak and ratio analysis. SPARC
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.



Appendix J. Potential biomarkers in TBI patients: Protein profiles in TBI patients 1100

SPARC comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S196: Differential SPARC protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average SPARC profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S197: Individual TF protein profiles and peak and ratio analysis. TF concentration in
microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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TF comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S198: Differential TF protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average TF profiles are compared in terms of TBI severity (a-g),
outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at each time
point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak, rather
than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to the
measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown on
the right of every graph.
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TGF-α individual patient data
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Figure J.S199: Individual TGF-α protein profiles and peak and ratio analysis. TGF-α
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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TGF-α comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S200: Differential TGF-α protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average TGF-α profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S201: Individual TGF-β RII protein profiles and peak and ratio analysis. TGF-β
RII concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Figure J.S202: Differential TGF-β RII protein profiles and peak and ratio analysis with
respect to TBI severity, outcome and ICP. Average TGF-β RII profiles are compared in terms
of TBI severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the
mean value ±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the
threshold of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values
for comparisons are shown on the right of every graph.
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TGF-β1 individual patient data
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Figure J.S203: Individual TGF-β1 protein profiles and peak and ratio analysis. TGF-β1
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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TGF-β1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S204: Differential TGF-β1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average TGF-β1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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TGF-β2 individual patient data
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Figure J.S205: Individual TGF-β2 protein profiles and peak and ratio analysis. TGF-β2
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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TGF-β2 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S206: Differential TGF-β2 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average TGF-β2 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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THBS-1 individual patient data
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Figure J.S207: Individual THBS-1 protein profiles and peak and ratio analysis. THBS-
1 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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THBS-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S208: Differential THBS-1 protein profiles and peak and ratio analysis with respect
toTBI severity, outcome and ICP.Average THBS-1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Tie-2 individual patient data
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Figure J.S209: Individual Tie-2 protein profiles and peak and ratio analysis. Tie-2 concentra-
tion in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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Tie-2 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S210: Differential Tie-2 protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average Tie-2 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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TIMP-1 individual patient data
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Figure J.S211: Individual TIMP-1 protein profiles and peak and ratio analysis. TIMP-
1 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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TIMP-1 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S212: Differential TIMP-1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average TIMP-1 profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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TNF-α individual patient data
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Figure J.S213: Individual TNF-α protein profiles and peak and ratio analysis. TNF-α
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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TNF-α comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S214: Differential TNF-α protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average TNF-α profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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TNF-RI individual patient data
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Figure J.S215: Individual TNF-RI protein profiles and peak and ratio analysis. TNF-RI
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Figure J.S216: Differential TNF-RI protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average TNF-RI profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S217: Individual TNF-RII protein profiles and peak and ratio analysis. TNF-
RII concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Figure J.S218: Differential TNF-RII protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average TNF-RII profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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Figure J.S219: Individual uPA protein profiles and peak and ratio analysis. uPA concentration
inmicrodialysate, CSF and blood samples of individual sTBI patients (a) andmTBI/trauma patients
(g) was measured and peak amplitude and time, as well as ratio between mean time course values
to value found in the pooled normal control (b-f, h-j) were calculated for each patient. Graphs
b-f show calculations for individual sTBI patients, and graphs h-j show calculations for individual
mTBI patients. Red lines in b, h show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in d, e, f, j show the threshold of comparison to the
measured value compared.
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Figure J.S220: Differential uPA protein profiles and peak and ratio analysis with respect to
TBI severity, outcome and ICP. Average uPA profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S221: Individual uPA-R protein profiles and peak and ratio analysis. uPA-R concen-
tration in microdialysate, CSF and blood samples of individual sTBI patients (a) and mTBI/trauma
patients (g) was measured and peak amplitude and time, as well as ratio between mean time course
values to value found in the pooled normal control (b-f, h-j) were calculated for each patient.
Graphs b-f show calculations for individual sTBI patients, and graphs h-j show calculations for
individual mTBI patients. Red lines in b, h show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in d, e, f, j show the threshold of
comparison to the measured value compared.
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Figure J.S222: Differential uPA-R protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP.Average uPA-R profiles are compared in terms of TBI severity
(a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value ±1 SD at
each time point. Red lines in c, j, q show a threshold for a profile that is considered to have a peak,
rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold of comparison to
the measured value compared. Benjamini–Hochberg adjusted p-values for comparisons are shown
on the right of every graph.
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Figure J.S223: Individual VCAM-1 protein profiles and peak and ratio analysis. VCAM-
1 concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Figure J.S224: Differential VCAM-1 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average VCAM-1 profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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Figure J.S225: Individual VEGF-A protein profiles and peak and ratio analysis. VEGF-
A concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Figure J.S226: Differential VEGF-A protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average VEGF-A profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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Figure J.S227: Individual VEGF-D protein profiles and peak and ratio analysis. VEGF-
D concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Figure J.S228: Differential VEGF-D protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average VEGF-D profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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Figure J.S229: Individual VEGFR2 protein profiles and peak and ratio analysis. VEGFR2
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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Figure J.S230: Differential VEGFR2 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average VEGFR2 profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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Figure J.S231: Individual VEGFR3 protein profiles and peak and ratio analysis. VEGFR3
concentration in microdialysate, CSF and blood samples of individual sTBI patients (a) and
mTBI/trauma patients (g) was measured and peak amplitude and time, as well as ratio between
mean time course values to value found in the pooled normal control (b-f, h-j) were calculated
for each patient. Graphs b-f show calculations for individual sTBI patients, and graphs h-j show
calculations for individual mTBI patients. Red lines in b, h show a threshold for a profile that is
considered to have a peak, rather than being constant. The light red boxes in d, e, f, j show the
threshold of comparison to the measured value compared.
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VEGFR3 comparison of TBI severity, outcome and ICPTBI severity
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Figure J.S232: Differential VEGFR3 protein profiles and peak and ratio analysis with respect
to TBI severity, outcome and ICP. Average VEGFR3 profiles are compared in terms of TBI
severity (a-g), outcome (h-n) and ICP (o-u). Polygons in a, b, h, i, o indicate the mean value
±1 SD at each time point. Red lines in c, j, q show a threshold for a profile that is considered to
have a peak, rather than being constant. The light red boxes in e-g, l-n, s-u show the threshold
of comparison to the measured value compared. Benjamini–Hochberg adjusted p-values for
comparisons are shown on the right of every graph.
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