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Abstract (English) 

Objective: To establish a clinically relevant model for the identification ofprotein serum 

biomarkers for oral squamous celI carcinoma, and to identifY specific candidate proteins. 

Methods: Samples of oral cancer and adjacent normal tissue were obtained and were 

transplanted orthotopically into tongues of immunocompromized mice. When the mice 

lost 20% of their weight, they were sacrificed by exsanguinations. The serum was 

analyzed by two separa te protocols: DIGEIMALDI and MudPITILCIESI. Preliminary 

validation was conducted on an established cancer Marker. 

Results: We identified over one hundred proteins as being differentially expressed 

between control and cancer-bearing mice (p<0.05); including EGFR, cytokeratin 10, 

gelsolin, titin, vitronectin, retinoblastoma protein family, bullous pemphigoid antigen, 

and clusterin. 

Conclusion: We report a proteomic approach for the identification of serum biomarkers 

of oral cancer using an orthotopic mouse model. We identified several proteins that can 

be exploited as potential markers for diagnosis of oral squamous cell carcinoma. 
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Résumé (français) 

Objectifs: Établir un modèle cliniquement significatif pour l'identification dans le sérum 

de biomarqueurs protéiques liés au carcinome à cellules squameuses de la cavité buccale. 

Identifier des protéines candidates spécifiques pour ce biomarquage. 

Méthodes: Des échantillons de lésions cancéreuses de la cavité buccale et de tissus 

adjacents normaux ont été obtenus et transplantés sur des langues de souris 

immunosupprimées. Lorsque les souris perdaient 20% de leur masse corporelle, elles 

étaient sacrifiées par exsanguination. Le sérum était alors analysé par deux 

protocoles distincts: le DIGEIMALDI et le MudPITILCIESI. La validation préliminaire 

était effectuée en utilisant un marqueur de cancer reconnu. 

Résultats: Nous avons recensé plus de cent protéines s'exprimant de façon différentielle 

entre les souris porteuses de tumeurs cancéreuses et les souris contrôles (p<0.05), 

incluant le EGFR (récepteur du facteur de croissance épidermique), la cytokératine 10, la 

gelsoline, la titine, la vîtronectine, les protéines de la famille du rétinoblastome, 

l'antigène de la pemphigoïde bulleuse et l'apolipoprotéine J/clusterin. 

Conclusion: Nous présentons une approche protéomique pour l'identification de 

biomarqueurs sériques liés au cancer de la cavité buccale en utilisant un modèle de 

souris. Nous avons identifié plusieurs protéines qui peuvent être exploitées comme 

biomarqueurs potentiels pour le diagnostique du carcinome à cellules squameuses. 
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1. Introduction 

Head and neck squamous cell carcinoma (HNSCC) is diagnosed in an estimated 

500,000 people each year worldwide.1 Despite improvements in diagnostic technology 

and novel therapy regimens, HNSCC remains the sixth most common cause of cancer 

deaths in the world, and the 5~year survival rates have not changed significantly, 

remaining at approximately 50%.2,3 Presence of cervical lymph node metastasis is 

presently the Most significant prognostic factor of patient survival. 4 No serum biomarker 

for HNSCC is currently available. 

Oral squamous cell carcinoma, a subgroup of HNSCC, is a relatively common and 

devastating disease, mainly among smokers. It begins as a focal overgrowth of epithelial 

stem cells near the basement membrane. The factors that provoke this change include 

tobaceo, alcohol, dietary factors, oral hygiene and viruses, such as HPV and EBV.s The 

neoplastie process then goes through progressive genetic and pathological phases: nonnal 

epithelium, to hyperplasia, to dysplasia, to carcinoma in situ, and finally to invasive 

carcinoma. HNSCC is unique in that it remains locoregional for a long time and visceral 

metastasis develop only in the later stages of the disease.6 Even though attempts have 

been made to ereate a molecular progression model,7 the precise nature of the genetic and 

protein alterations occurring at each step remains unknown. 

Presently, diagnosis and follow~up of patients with oral cancer is based on physieal 

exam and different imaging modalities. These approaches are neither specifie nor 

sensitive, and many patients are diagnosed only late in progression of the disease. Often, 

patients require morbid treatments, such as radical surgery [Figure 1], brachytherapy 

[Figure 2], or high dose radiotherapy, and relapses are frequent. 



Figure 1. Intraopertive images of a (A) partial glossectomy and (B) neck dissection. 

Figure 2. Intra-operative insertion ofbrachytherapy catheters inserted though the oral 
cavity (B) and exiting in the neck (A) 

2 

Like most solid tumors, HNSCC is dependent on a myriad of intracellular and 

intercellular transduction signais occurring in the tumor microenvironment between the 

heterogeneous tumor mass and the surrounding stromal and inflammatory ceUs. 

Presently, clinically useful biomarkers are lacking for this complex disease. 

Identifying key biomarkers involved in disease progression will Iead us to a greater 
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understanding of the biology of oral cancer, and will have enormous implications for the 

prognosis, diagnosis and treatment of this disease. 

The objectives of this study were to first establish a reproducible proteomic 

platform for identifying human serum proteins in our mouse model of oral squamous cell 

carcinoma, and second to identify specifie candidate proteins that can serve as potential 

biomarkers for the human disease. 
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2. Literature summary 

8. Genomics studies on HNSCC 

Numerous genetic analyses of primary tumors,8,9 surgical margins,10 and body 

fluids such as saliva 9,11,12 have been reported. A previous study, performed by our team 

of researchers, has found over 213 gene modifications in head and neck squamous cell 

carcinoma.8 Our lab has also studied the genetic transformations in the relationship 

between HPV type 16 and HNSCC.11 Despite this active research, no reliable genetic or 

protein marker has been proven to be useful for early diagnosis of head and neck 

squamous cell carcinoma. The known serologie tumor markers (such as CEA, CA 19-9, 

sec, TK, and dTTPase) are not significant in HNSCC patients.13 Tumorgenesis of head 

and neck cancer, like most other cancers, is not only dependant on the diseased tissue, but 

on a complex interaction between the tumor and its surrounding microenvironment.14 

Therefore, a combination of genetic profiling techniques and serum proteomics is needed 

to identify clinical biomarkers for HNSCC.6
,15 

b. Proteomics 

Even though the proteome is a complete description of all the proteins encoded by 

the genome,16 the information contained in that genome is not necessariIy the same as the 

information in the corresponding proteomeY As the DNA is transcribed into RNA and 

then translated into protein, a number of transcriptional, translational and post­

translational modifications can occur [Figure 3].18 Therefore genetic profiling can not 
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predict accurately the function of marker proteins, thus proteomics holds great promise to 

fill this gap. 

Genomics Proteomics 

• 
Genome m-RNA t Proteins t Functional proteome 

Transcriptional Translational Post-translational 

Figure 3. Information contained in the genome is not necessarily the same as the 
information in the corresponding proteome. 

i. Basic proteomic techniques 

The identification of cancer biomarkers using proteomic technology involves 

different steps. First, the large and abundant proteins are removed in order to permit 

analysis of the low molecular weight proteins. Second, the proteins are digested in a 

predictable manner and separated. Third, the resulting peptides are introduced into a mass 
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spectrometer, wruch separates them by their mass-to-charge ratios and produces a mass 

spectrum of a sample, unique to its composition. Typically a mass spectrometer is 

comprised of three parts: an ion source, a mass analyzer, and a detector. Finally, the 

individual spectra are compared to known peptide spectra from various databases. The 

following is a more detailed explanation of these various steps, including the methods for 

1) large protein removal, 2) protein digestion, 3) protein separation, and 4) protein 

ionization, as weIl as a description of 5) mass analyzers, 6) quantitation, and 7) proteomic 

databases. 

1. Large protein removal 

Most biomarkers are small proteins that are relatively sparse in serum. t9 Therefore, 

when searching for new biomarkers, it is important to focus on this portion of the serum 

proteome.16.20 

Albumin, IgG and transferrin comprise 80% of the total protein mass. Thus, the 

difficulty in identifying expected low molecular weight markers is that these large and 

abundant proteins overshadow the small ones. Currently, the frrst step in the search for 

new biomarkers is the removal of the abundant rugh molecular mass proteins (>30 kDa) 

such as albumin, transferrin, thyroglubulin and the immunoglobulins.21
,22 



1": 
Multiple l' 

Affinity ~"'_'. 
Removal Crude HUlilan Serum 

Column ... 
e Hlgh·Abundant Protelns 

(Album!n, IgG, IgA, Transferrio, Haptoglobin, Antitryp$in) 

• Low-Abundant Proteins 
(BlQmarkers for disease and drug targets) 

Proteins free from Interferences 
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Figure 4. Removal ofhigh abundant proteins using the Agilent multiple affinity removal 
system. Adapted from the Agilent website. 

There are various systems designed for the separation of these high molecular mass 

proteins. The Agilent multiple affinity removal system removes the hlgh-abundant 

proteins (from 3 to 6 proteins) from mouse serum simultaneously and reproducibly 

[Figure 4]. It depletes >98-99% of the three targeted proteins.23 Our experiments were 

perfonned using the Agilent system whlch removed the three most abundant proteins 

(albumin, IgO and Transferrin). Denaturing using acetonitrile containing 0.1% 

trifluoroacetic acid îs another way to precipita te the abundant proteins.24 

Unfortunately, some marker proteins exist predominately in a bound phase, and the 

circulating large molecular weight carrier proteins act as a reservoir. Although affinities 

between the carrier proteins and the smaIl markers are weak, removing and discarding 

these "contaminating" large proteins will lead to a 10ss of sorne possible markers.25 

Efficient capture of the carrier proteins and specific elution of the low abundant 

biomarkers will yield the greatest amount of diagnostic infonnation.26 Liotta et ai propose 

agents that can be placed into the circulation to act as 'molecular mops' that soak up and 

amplify the biomarkers that exist [Figure 5].27 
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Il 
Il 

Figure 5. Biomarker amplification and harvesting by camer molecules.27 
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2. Protein digestion 

As the mass of a protein increases, the mass spectrometry measurement error 

increases, the efficiency of ionization decreases, and the sensitivity of small protein 

detection diminishes.16 Therefore, enzymatic fragmentation of the separated proteins 

usually follows the first large protein removal step in biomarker search.21 This involves 

digestion of the protein with a sequence-specific endoprotease, such as trypsin. The 

fragmentation occurs in a predictable manner aiong the peptide backbone.28 Because 

these enzymes cleave proteins at well-defined positions (Le. they are sequence specific), 

a peptide-mass fingerprint pattern will he generated that can he predicted from protein­

sequence information provided by the Human Genome Project.16 

Analysis of peptide fragments of proteins permits sensitive detection and accurate 

mass measurement. Smaller peptides are much easier to elute from gels as compared to 

full proteins?9,30 

3. Protein separation 

The third step in biomarker identification is separation of proteins from the 

complicated mixtures. Several techniques are available for this step: one and two 

dimensional gel electrophoresis, as weIl as liquid chromatography. One and two­

dimensional gel electrophoresis (l-DE & 2-DE) have been the standard discovery tool in 

proteomics.31 Proteins are first separated using a standard gel. Using a ID gel, the 

separation occurs by molecular weight (MW) only; using a 2D gel, the separation occurs 

by both molecular weight and pH. The "pH point" is the point at which the overall charge 

of a particular protein hecomes zero, 50 that the protein stops moving alongside the 
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electric field. The selected spots are then excised from the gel, digested and analyzed by 

mass spectroscopy [Figure 6]. 

This method suffers from several disadvantages including a low sensitivity to 

identify low molecular weight proteins, a low dynamic range (103), and the inability to 

resolve/solubilize proteins at the extremes of pH, size and hydrophobicity.28,32 It is 

important to remember that the low molecular weight range «15 000 Da) of the serum 

proteome is a rich source of previously undiscovered biomarkers. These markers exist 

below the range of detection achieved by conventional two-dimensional gel 

electrophoresis.33 When combined with prefractionation techniques, however, Pieper et al 

were able to identify 325 different serum proteins.34 

Differentiai 2-DE 

Control Study 

Protein ID 

Figure 6. Conventional proteomic analysis using 2-Dimentional Gel Electrophoresis. 
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Liquid chromatography (LC) separates the ions or molecules that are dissolved in a 

solution, such as serum. It is a separation technique in which the mobile phase is a liquid. 

Therefore, as opposed to the gel based separation techniques, LC allows the separation of 

peptides directly from the solvent. Differences in ion-exchange, absorption, size and 

partitioning, determine the transit time of solutes through a column or a plane, and thus 

allow the separation of the mixture components [Figure 7]. 

column 
containing 
stationary 

phase 

load 
sample 

add 
solvant 

01996B.M. Tissue 
WAlWSCimedla.com 

collect 
V \.",/ \..,/ components 

Figure 7. Liquid chromatography separation. Adapted from Science Hypermedia web 
site. 

High-performance liquid chromatography (HPLC) is a form of LC, used to separate 

compounds that are dissolved in solution. Utilizing very small partic1es and a high 

pressure, HPLC forces the solution, or mobile phase, through a column, sometimes 

referred to as the stationary phase. The interaction of the solute with mobile and 

stationary phases can be manipulated through different choices of both solvents and 

stationary phases. As a result, HPLC acquires a high degree of versatility not found in 
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other chromatographie systems and it bas the ability to easily separate a wide variety of 

chemica1 mixtures. HPLe also provides higher resolution and faster analysis time.3S 

4. Protein ionization 

Ionization of the proteins is the fourth step in biomarker identification. Various 

ionization methods, outlined below, have been described in the literature including: 

matrix-assisted laser desorption ionization (MALOI); surface-enhanced laser 

desorptionlionization (SELOI); and electrospray ionization (ESI). AlI three are sensitive 

to the picomole-to-femtomole range that is required for application to biological 

samples.16 

Figure 8. Matrix-assisted laser desorptionlionization (MALOI). Adapted from Eurogentec 
website. 
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Matrix .. assisted laser desorptionlionization (MALDI) was first described in the 

1980s.36 It uses laser pulses to iomze the peptides out of a dry, crystalline matrix, as 

follows: 1) serum proteins bind to a chromatographie solid surface, referred to as a probe, 

and the unbound proteins are washed away; 2) the immobilized serum proteins are 

overlaid with a coating of an energy absorbing chemical matrix which then crystallizes; 

3) the entire probe is inserted into a vacuum chamber; 4) a laser beam tuned to the 

excitation wavelength of the matrix, is then directed at each spot [Figure 8]; 5) the matrix 

serves as an energy transfer medium for protein ionization whereby the kinetic energy 

from the laser causes protons from the matrix to be transferred to the peptides resulting in 

positive ions; 6) this energy transfer causes the proteins to fragment, ionize, and vaporize 

into a gas cloud; 7) the gas cloud is then accelerated into a mass analyzer 

electrostatically.16,31 It is very sensitive, simple to use, has an excellent mass accuracy 

and high resolution.38 

Surface enhanced laser desorptionlionization (SELDI) was first described in the 

1990s.39 The steps used in SELOI are the same as the ones used in MALOI, with one 

addition: a protein-chip is used instead of a probe [Figure 9]. Protein-chips employ 

selective surfaces to capture only a fraction of proteins from a complex mixture in 

biological samples.16
,40 The disadvantages of using the SELOI technique to identify 

serum biomarkers include the need for a very large number of patients and controls and 

very high cost. Moreover, the protein concentrations, found using SELOI, are in the 

J.lg/ml range, mueh higher than known biomarkers such as the prostate specifie antigen 

(PSA).41 
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Figure 9. Surface enhanced laser desorptionlionization, SELDI.20 
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Electrospray ionization (ES/) was first described by John B. Fenn in the 1980s,42 

for which he won the 2002 Nobel Prize in chemistry, along with Koichi Tanaka for his 

work on laser desorption. ESI ionizes the peptides directly out of liquid solution and it is 

the preferred method for analysis of complex miXtureS.
38 The steps include: 1) ion gas 

cloud created directly from the sample solution; 2) passage of the gas through a needle 

held at a high voltage produces highly charged droplets; 3) these droplets are 

electrostatically driven through nitrogen gas, air, heat, solvents, or other drying agents to 

evaporate water and soIvents [Figure 10]; 4) as droplets decrease in size, the surface 

charges are deposited onto the peptides and proteins.16
,29 

vacuum 

Figure 10. Electrospray ionization, ESI. Adapted from University ofWales­
Aberystwyth website. 
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The numerous technical steps utilized in each of these methods are still in the 

process of being refined, and a debate continues as to which one of these techniques is 

best suited for biomarker identification. MALOI is similar to SELOI, but without the 

surface pre-selection or enrichment steps. The inherent limitation of SELOI, not observed 

with MALOI~ rests in the selective nature of specific protein-chip surfaces. Thus~ 

MALOI is less likely to he atIected by technical artefacts, and it might he better for 

detection of biomarkers.43 Moreover, both MALOI and SELOI have an advantage over 

ESI in the fact that they have a higher tolerance for salts, and thus are better suited for the 

examination ofbiological samples such as serum. 16 Nevertheless, ESI is more gentIe than 

MALOIISELOI. This kinder and gentIer ionization method, with much less 

fragmentation, permits the formation of multicharged ion species which can he 

adequately detected in the more limited mass to charge ratio (mlz) range. 16 MALOI-time­

of-flight (TOF) combination has a practical mass limit hetween 150,000 and 300,000 Oa, 

whereas ESI-Quadrupole combination has a mass limit of70 Oa.44 

Multidimensional prote in identification technology (MudP IT) is a new method of 

analysis allowing in-line fractionation and mass spectroscopy to identify aIl proteins in a 

complex mixture.30
,32,45 It combines multidimensional liquid chromatography with 

electrospray ionization and tandem mass spectrometry. The multidimensional HPLC 

column allows ionization from the tip of the column directly into the tandem mass 

spectrometer.30 This technique bas exquisite sensitivity, reported to be in the femtomolar 

(10.15
) range, with a dynamic range of 10,000:1 for a complex mixture of peptides oftens 

of thousands of components, and is reproducible to within 0.5%.30 A principle problem 

for analysis of complex protein mixtures is the dynamic range or quantity differences 
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among the proteins. With a dynamic range of 10000:1, MudPIT allows for the detection 

and identification of a protein at 100 copieslcell in the background of a protein at 

1,000,000 copies/cell or within a five orders of magnitude difference in concentration.30 

Nevertheless, although it is excellent in identifying proteins which are present in one 

solution, but not in another, it's major weakness is in identifying quantitative differences 

in protein expression.32 Most agree that MudPIT should be used complementarily to 2-

dimnetional gel electrophoresis when searching for biomarkers.3o 

5. Mass analyzen 

The last step in biomarker identification is passing the peptides though mass 

analyzers. The different types of mass analyzers used in proteomics include: time-of­

flight (TOF), quadrupole (q or Q), ion trap, or fourier transform (FT) [Figure Il]. 
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l 
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1 

Figure Il. Examples of different mass analyzers and combinations.38 
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The TOF (time offlight) mass analyzer is the most widely used. It is affected by the 

mass (m) of the particle and the charge (z) it bears (m/z ratio). The detector plate records 

the intensity of the signal at a given mlz value [Figure 12]. The mass to charge value of 

each ion is estimated from the time it takes for the launched ion to reach the electrode; 

small ions travel faster. The result is a time~of~flight distribution of the peptides 

comprising the mixture. Consequently, the spectrum provides a "time~f~flight" signature 

of ions ordered by size with the different peaks in the spectrum corresponding to different 

mJz protein species. TOF is usually coupled with MALDI. It has a simple design, a low 

resolution, and is good for the detection of proteins <20 kDa.16,29,46 

....-- molecules in 

êCœlerator 

collector sllt 

Figure 12. Example of a time-of-flight (TOF) mass spectrometer. Adapted from the 
University of Wisconsin - Madison website. 
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Quadrupole (q) mass analyzer is constructed from four parallel metal rods. Direct 

current (DC) and radio frequency (RF) voltages are applied to these rods, and create 

selective magnetic fields that control which ions pass through to the detector [Figure 13]. 

For a particular combination of DC to RF voltages, only ions of a specific mlz value can 

pass through.J6 

El ectron 1 mpsot loni zer 

Figure 13. Examples of a quadrupole mass analyzer. Adapted from the University of 
Arizona website. 

Using multiple analyzers together is called tandem mass spectrometry (MS/MS). 

Different combinations of analyzers can be used such as: QqTOF, TOF-TOF, linear ion 

traps [Figure 11]. Peptides sub-fragment in a reproducible way. resulting in a pattern 

somewhat like the sequence-Iadder pattern obtained in DNA sequencing.16 Tandem mass 

spectrometer not only measures the masses of the ions, but is also able to select 

individual ions, fragment them (usually by energetic collision with an inert gas) and then 

measure the masses of the resulting fragment ions. The most important benefit of MS/MS 

data is probably that the unit of identification is a single peptide rather than a group of 

peptides.28,29 
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6. Quantitation 

Detecting quantitative differences across protein mixtures remains one of the 

limiting factors in proteomics. Quantitative differences can be found with the dilution of 

a stable isotope.29 There are isotope-tags specific to sulphydryl groups, amino groups. 

phosphate ester groups, N-linked carbohydrates. as weIl as active sites for serine and 

cysteine hydrolases.38 

Protein dye staining with fluorescent dyes,47 or silver,4849 are used in gel-based 

technologies. Silver is the method used most often with 2D gel electrophoresis.5o A 

newer method. called Differentiai Gel Electrophoresis (DIGE) involves tagging the two 

comparison protein solutions with different fluorescent dyes (Cy 2, Cy 3 or Cy 5), then 

mixing the solutions and running them on the same gel. 51 Mass and charge-matched 

fluorescent cyanine dyes undergo nucleophilic substitution with e-amine groups of lysine 

residues of proteins. Because mass mapping requires an essentially purified target 

protein, the technique is commonly used in conjunction with prior protein fractionation. 

DIGE is essentially the same as 2D gel electrophoresis, just both (control and 

experimental) samples are run on the srune gel. The system suffers the same 

disadvantages as standard 2-DE, most concerning for us is the lower sensitivity and lower 

resolution of low molecular weight proteins as compared to mass spectroscopy 

techniques.47 Other problems associated with this technology include: possible multiple 

dye additions on each protein; only about 5% of protein is labelled; and it is less sensitive 

than silver stain.47 The advantages over the regular (silver stained) gel include: less 

variability in spot positions, same proteins from both samples come on exactly the same 

position. The disadvantages greatly downplay the practicaI outcome from DIOE. 



22 

Chemically derived tags such as ICAT (isotope-coded affmity tag composed of a 

reactive group for the amino acid cysteine i 2 and MCAT (mass-coded affinity tag targets 

lysine residues, N-acetoxysuccinimide, succinic anhydride i 3 can be used in liquid 

mixtures. Alternatively, performing an endoproteolytic digest in the presence of water 

containing 180 can be performed. This substitutes both oxygens on the caboxylic acid 

with a heavy form?8,54 Applied Biosystems recently developed four new labelling 

reagents for mass spectroscopy called iTRAQ. Although we could not fmd publications 

using these reagents, they have been tested at the McGill Center for Proteomics and 

Genomics and show great promise in improving quantitative analysis ofMSIMS. 

7. Proteomic databases 

The final step in the biomarker identification is the search through different 

proteomic databases [Figure 14]. The individual spectra can be used to search against 

predicted peptide spectra from the databases using different search algorithms such as 

Sequest 55 or Mascot. 56,57 Shotgun proteomics implies direct and rapid analysis of the 

entire protein complement within a complex protein mixture.32 

Sequential Amino Acid 

Protein 
Database search 

... T P L 1 N S V 
Identification 

r ~ 1 
1 
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~ 
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Figure 14. Protein identification by mass spectrometry. 
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ii. Proteomic studies and the search for cancer biomarkers 

Proteomics, which is the large-scale study of proteins, particularly their structures 

and functions, has many applications in all fields of medicine. Because it studies the end 

products of genetics, it is the key to the discovery of new biomarkers in cancer 

research. 16,17 The study of proteins dates back to the 1970s, when databases of proteins 

were created using two-dimensional gel electrophoresis. However, it wasn't until the 

1990s and the emergence of biological mass spectrometry that the field of proteomics 

exploded.29 Sorne of the most exciting advances in the past three years have used surface 

enhanced laser desorptionlionization (SELDI) mass spectroscopy. It has been 

successfully used in the search for serum markers of various types of cancers, such as: 

ovarian,58-62 pancreatic,63 prostatic,64 breast, 65 lung,66 liver,67 colon.68 Using this 

technology, a study of ovarian cancer obtained results having 100% sensitivity and 95% 

specificity.59 

Nevertheless, SELDI has sorne disadvantages in the biomarker hunt including the 

need for a very large number of patients and control s, as weIl as a very high operational 

cost. Moreover, the protein concentrations, found using SELDI, are in the ~glml range.41 

The known biomarkers, such as the prostate specific antigen (PSA), are relatively sparse 

in serum.61 Therefore, when searching for a previously undiscovered biomarker, it is 

important to focus on the low abundant range the serum proteome.16
,60 Matrix-assisted 

laser desorptionlionization (MALDI), on the other hand, is less likely to be affected by 

technical artefacts when compared to SELDI. As discussed previously, the inherent 

limitation of SELDI, not observed with MALDI, rests in the selective nature of specifie 

ProteinChip surfaces. Proteins that do not bind to the chip are washed away, potentially 
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losing very important information. Therefore~ some propose MALOI to be a better 

technique for detection of cancer markers.43 

It is important to remember~ however, that cancer is not confmed only to the 

diseased cell. The microenvironment of the tumor-host interface, the surrounding stromal 

and vascular compartments, play a very important role in the tumorgenesis. 14 It is 

therefore extremely important to take into account all these aspects when hunting for a 

new biomarker. 

ÜÎ. Proteomic studies on HNSCC 

To date, at Ieast twelve published studies reported proteomic technology to identify 

biomarkers for HNSCC.43,49,69-78 Four have used surface-enhanced laser 

desorptionlionization (SELOI) technology,69-72 two matrix-assisted laser 

desorptionlionization (MALOI),49,73 and one liquid chromatography and electrospray 

ionization (LCIESI).74 Most of these studies reported differential protein expression 

levels in carcinoma tissues as compared with their paired normal mucosa.49,69-74 Four 

studies have used mass spectrometry to analyze serum profiles ofHNSCC patients.43,7s-77 

These studies found that particular protein peaks had sensitivities between 68 and 83% 

and specificities between 73 and 90%, but no specifie proteins were reported. Moreover, 

it was mentioned that the most dominant data points had very low intensity and can be 

easily mistaken for background noise. In contrast, a study by Gourin et al. reported that 

proteomic analysis of serum protein profiles could distinguish patients with HNSCC from 

controls with a high degree of sensitivity and specificity.77 One study has used mass 

spectrometry to identify specifie serum proteins in a mouse model of tongue cancer, and 
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identified the squamous cell carcinoma antigen 1 as the only protein over-expressed in 

serum from tumor-bearing mice.78 The following is a summary of each of these studies. 

Baker et al. analyzed tissues from five tongue squamous cell carcinoma patients, 

using ESIILCIMSIMS.74 They reported several protein differences between normal and 

tumor tissues including: heat shock proteins (HSP70 & HSP90) up-regulated in cancer, 

keratin 13 down-regulated, Wnt-6 and Wnt-4 identified in both normal and tumor, and 

placental growth factor (PIGF) found only in tumors. 

He et al. studied ten oral tongue squamous cell cancer patients, using 2-DE, 

MALDI-TOF MS.49 They found several proteins up-regulated in cancer tissues: myosin 

heavy chain 1 (MHC1), galectin 1, tropomyosin My isoform, heat shock proteins (HSP60 

& HSP27), nuclear fragile X mental retardation protein (FMRP), and calgranulin B. The 

down-regulated proteins included myosin light chains (MLC), tropomyosin ~ chain, ATP 

synthase ~ chain, and aB-crystalline. 

The same group also studied ten buccal squamous cell cancer patients using 2-DE, 

MALDI-TOF MS.73 Only three proteins were identified to have similar trends of 

alteration in both tongue49 and buccal carcinoma: crystalline-B being down-regulated, 

whereas HSP27 and mitochondrial ribosomal protein (MRP)-L13 were up-regulated in 

cancer tissues (MRP-L13 being the same protein as FMRP). Up-regulated proteins in 

buccal cancer included: glycolytic enzymes, heat-shock proteins, tumor antigens, 

cytoskeleton proteins, enzymes involved in detoxification and anti-oxidation systems, 

and proteins involved in mitochondrial and intracellular signalling pathways. Finally, 

they suggested several candidate proteins for further HNSCC marker analysis: SCC 

antigen, G protein (GNBP), glutathione S-transferase (GST), manganese superoxide 
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dismutase (MnSOD), annexins, voltage-dependent anion channel (VDAC), cyclophilin A 

(CyP-A), stratifm and galectin 7. 

Von Eggeling et al reported on six HNSCC cases using SELDI. They detected a 

protein of 8670 Da in tumor extracts of five of six HNSCC cases and not in matched 

normal tissues.69 

Wu et al. studied two matched HNSCC cell lines derived from either the primary 

tumor or lymph node metastasis, using SELDI.70 They identified the up-regulation oftwo 

membrane-associated proteins (annexin 1 and annexin II) and glycolytic protein enolase­

a, as weIl as the down-regulation of calumenin precursor in the metastatic cel11ine. 

Melle et al. analyzed fifty seven pharyngeal cancer tissues, using SELDI. 71 They 

identified calgranulin A and B, and calgizzarin as potential markers and suggested that 

the triad of microdissection, SELDI and immunohistochemistry (IHC) should be used in 

the identification ofbiomarkers. 

Roesch et al. used cDNA microarrays, qRT-PCR and SELDI-TOF MS to study 

differential expression of calcium-binding proteins of the SI 00 and the annexin protein 

families.72 They found algranulins A and B, and annexins 1 and 2 to be down-regulated at 

both mRNA and protein levels. 

Three studies have used mass spectroscopy technology to analyze serum profiles of 

head and neck squamous cell carcinoma patients. 43,75-77 AlI of these studies included 

large numbers of patients, and found that particular protein peaks had sensitivities 

between 68 and 83% and specificities between 73 and 90%. However, these differences 

were not statistically significant. Moreover, the most dominant data points had very low 

intensity and could have been easily mistaken for background noise. 
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Soltys et al studied lB HNSCC and 104 controls using SELDI.43 They reported 65 

significant data points for discrimination of normal from cancer profiles, with sensitivity 

of 68%, and specificity of 73%. 

Sidransky et al studied 99 HNSCC patients and 143 controis using MALDC6 They 

found that total protein Ievels, particularly ten individual mJz peaks, from 5 to III kd, 

were higher in cancer patients with a sensitivity of 70% and a specificity of 90%. 

However these differences were not statistically significant. 

Wadsworth et al performed serum proteomic profiling using SELDI on 99 HNSCC, 

25 smokers, and 102 controIs.75 Several proteins with masses ranging from 2778 to 

20800 Da were differentially expressed with a sensitivity of 83.3%, and a specificity of 

90%. They aiso found a peak with an average mass of 10068 Da in sera from HNSCC 

patients and identified it as metallopanstimulin-I (MPS-I) based on mass. 

One study has used 2-DE, MALDI mass spectrometry to identify serum proteins in 

a mouse model of tongue cancer.78 They compared serum of mice implanted with tumor 

to those injected with phosphate-buffered saline. Using this technology they found only 

one protein to be over-expressed in tumor-bearing mice: squamous cell carcinoma 

antigen 1. 

In a previous study, Balys et al. developed a RAG2/y(c) immunocompromised 

mouse model able to reliably engraft human oral cancer, as weIl as normal human tongue 

tissue.79 This mouse model had several advantages for biomarker proteomic discovery, 

inc1uding: a known mouse genetic background, which was alike in aIl respects except for 

engraftment of the cancer tissue or normal tongue tissue from the same patient; the ability 

to obtain multiple samples from the same mice to demonstrate accuracy of the findings; 
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and the ability to differentiate proteins released from cancer tissue versus its host/tumor 

microenvironment. In the latter case, homology search allowed discrimination between 

distinct conserved regions between mouse and human proteins identified. Human 

proteins could only have arisen from the cancer, while the mouse proteins reflected host 

and tumor microenvironment response. 

Numerous studies have reported on the orthotopic transplantation of oral cancer into 

immunocompromised mice. Six papers have reported successful take (50-100%) of 

human oral cancer xenograft into immunocompromised mice.80
-
85 Local invasion and 

metastasis often occurred when cancer cells were transplanted orthotopically, and sorne 

metastasis models have been established.86 Moreover, oral sec cell Hnes and tissues 

have been reported to invade and metastasize to neck lymph nodes when transplanted 

into tongues of nude mice.85 The RAG2y( c) knockout mouse has been suggested as the 

first universal recipient, able to take virtually any tumor or normal tissue due to an 

absence ofB cells, T cells, and natural killer cells.87
,88 

The objective of this study was to first establish a reproducible proteomic platform 

for identifying serum proteins in a mouse model of oral squamous cell carcinoma that can 

speeifically predict human disease, and second, to identify specifie candidate proteins 

that can serve as potential biomarkers for the human disease. 
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Ethics approval for the use of human tissue was obtained from the Research Ethics 

Committee at the Jewish General Hospital (protocol no. 04-082). Animal ethics was 

approved by the Animal Care Committee at the Lady Davis Institute for Medical 

Research (protocol no. 5018). [Appendix bl 

b. Mouse model 

Two patients with a planned surgical resection of an oral squamous cell cancer were 

informed of the study and asked to participate. During their operation, two biopsies were 

obtained: 1) of oral cancer; 2) of adjacent normal tissue. Tumor tissue was cut into 0.5 

mm3 pieces and implanted surgically into the tongues of five RAG-2/î'( c) 

immunocompromised mice. Normal tissue was confirmed to be free of cancer using 

standard pathological techniques by an experienced head and neck pathologist, and it was 

cut into 0.5mm3 and 0.7cm3 pieces. The smaller pieces were implanted into the tongues 

of five RAG-2/î'(c) mice and the larger pieces were implanted in a subcutaneous pocket. 

Our preliminary experiments demonstrated superior results when the sacrificed mice 

showed a tongue tumor diameter between 0.65 and 0.8cm (average ofO.7cm). To provide 

the best possible control, we implanted this amount of normal tissue into the control mice 

subcutaneously, as well as a small piece into the tongue to account for any localized 

inflammatory changes in the tongue tissue. 

Post-operatively, the mice were kept under identical conditions. When the tumor­

bearing mice lost 20% of their weight or showed signs of discomfort, they were 



30 

sacrificed as were their respective control mouse. Our previous study has demonstrated 

the most reliable method of obtaining a pure serum sample (no hemolysis) is through a 

puncture of the inferior vena cava. The serum was then separated into 50 J..ll aliquots with 

protease inhibitor cocktail tablets (Roche Diagnostics) and immediately frozen at -80°C 

until the time of proteomic analysis. The most abundant serum samples from each patient 

(one from a tumor mouse and one from a control mouse) were chosen as the 

representative sampI es, and sent for proteomic analysis [Figure 15]. 

In parallel, tumor tissues were used to establish matched cell lines using enzymatic 

digestion as our laboratory has described previously.8,89 From each patient's cancer 

tissue, we isolated a fibroblast-free cancer cell population, denoted as OSCCI and 

OSCC2, for patient 1 and patient 2, respectively. These cells were maintained in RPMI 

medium supplemented with 5% fetal calf serum and 50 units/ml of penicillin­

streptomycin antibiotics. Tumors induced by these cells into tongue ofRAG-2/y(c) mice 

were confrrmed to maintain the same pathologic, tumorigenic and invasive potential as 

their original human tissue.79 
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tissue 
RAG-21v( c) mouse RAG-21v( c) mouse 

+ + 

Human proteins Mouse proteins 

Figure 15. Summary ofthe methods used. 
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c. Proteomic techniques 

The Agilent multiple affinity removal system was used to deplete the high abundant 

serum proteins. The depleted mouse serum was processed using an automated 

workstation and analyzed using a two-arm proteomic approach [Figure 16]. Each arm 

used a different method of protein identification and quantification, combined in a 

complimentary fashion to allow the highest probability of identification of proteins from 

cancer versus host and tumor microenvironment. 

Serum Protein Mixture 

1 MudPIT arm l ' 1 DIGEjMALDI arm 1 

~I--------1111 Albumin / Transferrin 
~ ~ Depletion 

Peptide Mixtures 

~ ~ 

Mass Spectometry 

J. J. J. J. T'!'psin 
, , , , DIgest 

0000 , , , , 
QTRAP 
~v'jALDI 

Mass Spectometry 

Figure 16. Two Arm Proteomic Model. 
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The first arm of our model was named DIGEIMALDI. It involved two-dimensional 

gel electrophoresis using Cy fluorescent dyes (DeCyder DifferentiaI Analysis Software 

v5.0, Amersham Biosciences). It tagged the two comparison protein solutions with 

different fluorescent dyes (Cy 2, Cy 3 or Cy 5) then mixed the solutions and processed 

them on the same gel.S1 The two-dimensional gels were analyzed using DyCyder 

software (Ettan DIGE, GE Healthcare), which permitted comparison across multiple gels. 

Semi-quantitation was done with the Phoretix 2004 Image Analysis program. Consistent 

candidate proteins, which reliably showed increased expression across samples, were cut 

from the gels, in-gel trypsin digested, and analyzed by matrix-assisted laser desorption 

ionization (QTRAP MALDI) tandem mass spectroscopy for identification. 

The second arm, was named MudPIT (Multidimensional-Protein-Identification­

Technology), combining LCIESIIMSIMS with database searching to identify proteins in 

a complex solution.30
,32,90 This arm involved trypsin digestion, iTRAQ labelling (iTRAQ 

Reagents, Applied Biosystems), automated in-line two-dimensional column liquid 

chromatography (LC), electrospray ionization (ESI), and tandem mass spectroscopy 

(MSIMS). The trypsin digested mixtures were labelled with different iTRAQ reagents to 

allow detection of relative quantitative differences between samples. The elution was 

passed directly into an electrospray ionization (ESI) mass spectroscopy unit. Here the 

individual peptides were initially characterized by their mass to charge ratio. Identified 

proteins were then analyzed sequentially by searching human and mouse peptide 

databases (Mascot & Pro Quant) ofmass spectra.56
,57 Proteins ofhuman origin must have 

originated from the tumor, while proteins of mouse origin must have originated from the 

host-tissue microenvironment. 
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d. Marker (EGFR) validation 

Epidermal growth factor receptor (EGFR) validation was performed using ELISA, 

Western blot and immunostaining. 

Enzyme linked immunosorbent assay (ELISA) (Oncogene Science, Bayer 

Corporation, Cambridge, UK) was used to measure the levels of circulating serum EGFR 

and EGFR released in conditioned serum~free cell culture medium. This sandwich type 

immunoassay uses a mouse monoclonal capture antibody against the extracellular domain 

of EGFR immobilized onto a microtiter plate, and an alkaline phosphatase-Iabeled mouse 

monoclonal antibody as detector specifie for the electron eapture detection of human 

EGFR. The procedure was conducted according to the manufacturer specifications. 

Briefly, lOOul of standards and samples diluted at 1 :50 with PBS were added to the 

antibody-coated ELISA microtiter wells and incubated for 1.5h at 37. After washing, 

100ul of alkaline phosphatase-Iabeled mouse monoclonal deteetor EGFR antibody was 

added for 30min at room temperature. After multiple washes to remove unbound 

antibody-enzyme reagent, a substrate solution containing Bluephos substrate was added 

for lh at room temperature. The reaction was terminated by adding 100ul of a stop 

solution. Colorimetrie quantification was performed usmg a multireader 

spectrophotometer at 620nm. The results were expressed in ng/ml based on a standard 

curve using human recombinant EGFR at concentrations ranging from 0.1 to 50ng/ml 

with a detection limit of 0.55 ng/ml. Statistical significance among groups was assessed 

by Student's t~test. 

Western blot assay was described earlier.91 Briefly, 50ug of a protein cell extract 

was prepared, electrophoresed on polyacrylamide gels, and the separated proteins were 
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transferred to nitrocellulose and detected with 10ug/ml of biotinylated EGFR antibody 

(clone 13, Transduction Labs) followed by peroxidase-conjugated streptavidin by 

chemiluminescence. Blots were subsequently stripped and immunoblotted with 

monoclonal anti-GAPDH antibody. 

Immunohistochemistry was performed with tumors fixed in 10% neutral buffered 

formalin and embedded in paraffin wax. Sections were immunostained using an anti­

EGFR (clone 13 , Transduction Labs). Immunostaining was performed on 5-J.lm thick 

sections as previously described.21 Sections were counterstained with Harris' 

Hematoxylin and mounted. AlI sections were analyzed by conventionallight microscopy 

and digital photography (Leitz Aristoplan). 
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4. Results 

Our study focused on tumor versus matched normal tissue from two patients with a 

defined pathology and distinct invasive property, based on clinical observations [Table 

1]. Clinically, the cancer from patient 1 was highly invasive, while the cancer from 

patient 2 was less aggressive. This was correlated with the intrinsic invasive capacity of 

the isolated matched cancer ceUs as determined in vitro using the Boyden chamber 

matrigel assay. 

Total glossectomy, 
...... , ...•.. , 

ii!2/'iWif;,J i~ff~:;.t~·JI laryngopharyngectomy, 
Hemi-glossectomy, bilateral neck 
dissection 

bilateral neck dissection 
Poorly differentiated SCCa, 

""·>··'·'·"'~·<·!'.·.·"');f"\;;\~'] with vascular, lymphatic and 
to poorly 

differentiated SCCa, without 
vascular and invasion 
Surgeryx 2 

None 

Table 1. Patient characteristics. 
*based on clinical characteristics 

**celllines isolated from the 2 human patients 
***based on Boyden chamber invasion assa~l 
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a. Mouse model 

Implantation of oral cancer tissues into RAG-2/y(c) mice was successful in 80% of 

cases [Figures 17 & 18]. Normal human tongue tissue implantation was successful in 

30% of cases [Figure 19]. Analysis by an experienced head and neck pathologist 

confirmed that the original human patient tumors had the same histology as the 

corresponding tumor tissues obtained from the mice. 

Figure 17. Orthotopically transplanted squamous cell carcinoma in an 
immunocompromised RAG-2/y( c) mouse. 
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Figure 18. Histology of the squamous cell carcinoma found in the mice was identical to 
original patients' tumors. 

RAG-2Iy(c) 
Control 

Figure 19. Histology showing normal human tongue surviving in the tongues of 
immunocompromised mice 
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b. Albumin depletion 

Using the AgUent multiple affinity removal system, we were able to remove an 

average of 75% of total proteins, including 95% of albumin and 95% of transferrin 

[Figure 20]. 

nsferrin 

Figure 20. Results from the protein depletion column, showing removal of 75% oftotal 
proteins, including 95% of albumin and 95% transferrin. 
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c. DIGE 1 MALDI 

Two-dimensional gel electrophoresis revealed 50 distinct proteins in the first patient 

and 75 proteins in the second patient [Figure 21]. The majority of identified protein spots 

were distinct and easy to cut out. However, even after the depletion of the high abundant 

proteins there were some large spots on the gel, most likely a representation of protein 

agglomerations. 

AIl the spots were excised; trypsin digested and analyzed using QTRAP MALDI / 

MS / MS. The proteomic analysis of the spots from the first patient revealed only two 

proteins being differentially expressed (found in different quantities) in the cancer 

bearing mice as compared to the corresponding normal tissue bearing mice. 80th of these 

proteins were down-regulated (found in lesser quantity in the tumor bearing mice) by at 

least two fold, and both were mouse proteins. Serum analysis of the second patient 

revealed 20 proteins to he differentially expressed. Seven proteins were found to be 

down-regulated in the tumor by at least two foId: one human and six mouse proteins. 

Thirteen proteins were found to be up-regulated (found in higher quantity in the tumor 

bearing mice): five human and eight mouse proteins. 



Figure 21. Results from the 2-Dimentional gel electrophoresis of serum from mice 
bearing oral cancer tissue and matched normal tongue tissue from patient 2. 

41 
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d. MudPIT 

iTRAQ labelling was found to be 90% successful in tagging proteins. Proteins from 

the tumor mice were tagged at position 117; proteins from the control mice were tagged 

at position 114. 

Using the ProQuant search engine, we were able to identify, within a 95% 

confidence interval, 762 different spectra, 434 distinct peptides, 38 proteins that were 

expressed differentially in the tumor and the control mice in first patient [Table 2]. 

Fourteen of the proteins were found to be human, with eight being up-regulated and six 

down-regulated in the cancer bearing mice. ProQuant analysis of the second patient 

revealed 1862 different spectra, 1172 distinct peptides and 111 proteins within a 95% 

confidence interval [Table 3]. Twelve of these proteins were human, with six being up-

regulated, and six down-regulated. 

c rd p' Pro teins D" S lX, of on 1 ence rote ms b ~ lstmct pectra T t 1 
(ProtScore) Cutoff ldentified G e 0r.e 

Peptides Identitïed S 0: 
roupmg pec ra 

>99%(2.0) 23 122 222 547 13.20 

>95 % (1.3) 38 342 434 762 18.39 

Table 2. Summary of the ProQuant MudPIT results from frrst patient. 

c rd P' Proteins 1)" S lX, of 
~on 1 ence rotcms b f Istmct pectra T t t 

(protScore) Cutoff Identifïed C e 0r.e Peptides Identified S 0: 
.roupmg , pee ra 

>99% (2.0) 84 425 1106 1785 24.44 

>95 % (1.3) 111 902 1172 1862 25.49 

Table 3. Summary of the ProQuant MudPIT results from second patient. 
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The Mascot search engine identified 181 proteins (60 human: 22 up-regulated, 28 

down-regulated, 2 unchanged, 8 un-tagged) in the first patient and 102 (7 human: 6 up­

regulated, 0 down-regulated, 1 un .. tagged) proteins in the second patient as being 

differentially expressed between control and cancer-bearing mice (p<0.05). 

Complete lists of the differentially expressed human and mouse proteins and their 

accession numbers are listed in appendix a 

e. Human proteins 

Three human proteins, gel solin, epidermal growth factor receptor (EGFR) and 

cytokeratin 10 were identified using the various proteomic methods and search engines. 

Only gelsolin was identified in serum of mice implanted with oral cancer tissues from 

both patients [Figure 22]. It was found to be down-regulated in serum from mice 

implanted with tissue from patient 1, but up-regulated in serum from mice implanted with 

tissue from patient 2. EGFR and cytokeratin 10 were both identified to be up-regulated in 

serum from mice implanted with tissue from patient 2. Other interesting human proteins 

found to be significantly affected between control and cancer-bearing mice included 

bullous pemphigoid antigen 1 (down-regulated in serum from mice implanted with tissue 

from patient 1), retinoblastoma associated factor 600 (down-regulated in serum from 

mice implanted with tissue from patient 2), titin, and BRCA2 (both up-regulated in serum 

from mice implanted with tissue from patient 1). 
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Figure 22. A Venn diagram summary of differentially expressed human proteins. 
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f. Mouse proteins 

Twenty-eight of the 75 recognized mouse proteins were identified using the various 

proteomic methods and search engines. These proteins inc1uded several inflammatory 

and non-inflammatory-associated factors, including: alpha-l protease inhibitor 2, 

apolipoprotein, BRCA2, clusterin, contraspin, fetuin, gelsolin, haptoglobin, hemopexin, 

histidine-rich glycoproteins, kininogen, serine (or cysteine) proteinase inhibitor, serpinal, 

serum amyloid P, titin, vitronectin, and vitamin D associated proteins. Twenty-four 

mouse proteins were identified in serum from mice implanted with tissues from both 

patients [Figure 23]. Proteins that were down-regulated in both patients included: alpha-l 

protease inhibitor 2, DOMl, fetuin, haptoglobin, and orosomucoid. Proteins that were up­

regulated in both patients include apolipoproteins, complement component C4, 

contraspin, histidine-rich glycoprotein, kininogen, PZP protein, RlKEN cDNA, 

vitronectin, and zinc associated protein. Proteins found in both patients but with different 

expressions included hemopexin, murinoglobulin, serpinal, carboxylesterase, 

complement component C3, Esl, gelsolin, serine proteinase inhibitor, serum amyloid P, 

and MHC c1ass III. 
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Figure 23. A Venn diagram summary of differentiaIly expressed mouse proteins. 
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g. Marker validation 

Io validate the overall proteomic technology used in this study, we selected EGFR, 

which has been reported to be altered in many cancers including HNSCC. EGFR was 

found to be up-regulated in serum of mice bearing the cancer tissue from patient 2 

[Figure 24]. 

Figure 25A shows that serum concentration of the extracellular domain of EGFR 

was significantly higher (p<O.05) in serum from mice implanted with tissue from patient 

2 compared to serum from mice implanted with tissue from patient 1 or from normal 

tongue. Interestingly, the levels of circulating serum EGFR from mice bearing oral cancer 

tissues, correlated with the levels of the extracellular domain of EGFR secreted in 

conditioned cell culture medium [Figure 25B], as weIl as with the expression of EGFR in 

matched celllines [Figure 25C] and cancer tissues [Figures 25D]. 



ë 
~ 
§ 
.5 

If> 
Qc 

'"' ~. 

c: 
,SI 
.E 

1.~10 

1.3e10 

1.2!e-10 

1.1810 

g.7~ 117.0 

a.o"" 
S.OeS" 

7.0"" 

e.o.eï 

5.0"" 

4.0~ 

3.0e5 

2.0 ... 

1.0'1!5 

00 

S.8e5 1171l 

$.515 

8.015 

7.5t5 

7.0,5 

6.5t5 

Me5 

Il.5e5 

5.015 

4.5e5 

4.0t5 

3.5e5 

3'()e5 

2.515 

2.015 

1.515 

11le5 

5.0e4 

1eJ2~1 246.0.. 

200 

420.2 

200 

415_30 i ,A7,73 

~ 
b 

627.5 1 

619 

48 

80.72 

102.64 

eo Mi 70 '15 80 S5 go 95 100 106 110 
101a 1110 11$Q 1112 1200 1242 1283 1$34 1308 1403 1400 

1200 

Max. 8.815 ÇjI$ 

e.80t6 117.0 

85" 

ilI.O.5 

7.51$ 

O.6~~ 

".or.\. 
(;,5.5 .... .... 
,0., .... 
30t!$ 

2.5ft! 

, ... 
1.5&5 

$.0" 

767.3 
1109.5 

aJé.e 

1200 

Figure 24. A representative MS result showing EGFR peptide and EGFR up-regulation in 
the cancer bearing mouse (117: tumor, 114: control). 
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Figure 25. Validation ofEGFR. (A) ELISA in the mouse serum and (B) in cell culture 
conditioned media, (C) Immunoblot analysis, (D) Immunohistochemical staining. 
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5. Discussion 

Several proteomic techniques and instrumentations have been developed to 

facilitate discovery of cancer biomarkers. In this study, we used DIGEIMALDI and 

LelESI technology on serum from mice implanted orthotopically with human oral cancer 

or matched normal tongue tissue. We have reported earlier that this orthotopic xenograft 

model mimics human disease in term of pathology and tumor aggressiveness.79 

a. Mouse model 

Numerous studies have reported on the orthotopic transplantation of oral cancer into 

immunocompromised mice, with successful take varying between 50 and 100%. As 

mentioned previously, the RAG2y( c) knockout mouse has been suggested as the frrst 

universal recipient. 87,88 In a previous study, our group was the first to report a successful 

engraftment of normal human tongue tissue into an immunocompromised mouse.79 This 

study confirmed those results, with 80% successful implantation of oral cancer tissues 

into RAG-2/y( c) mice, and 30% successful implantation of normal human tongue tissue. 

b. Albumin depletion 

Most known biomarkers are small and relatively sparse in serum. The study of these 

low abundant proteins is made difficult because the large and abundant proteins 

overshadow the small ones (Albumin, IgG and transferrin comprise 80% of the total 

protein mass). Therefore, when searching for undiscovered biomarkers, it is important to 

use methods that detect the small serum proteins. 16
,60 At the moment, the first step in the 
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search for new biomarkers is the removal of abundant proteins such as albumin, 

transferrin, thyroglubulin and the immunoglobulins.21
,22 The Agilent multiple affinity 

removal system, used in our study, removed albumin, IgG and transferrin from mouse 

serum simultaneously and reproducibly. Reportedly, it depletes >98-99% of the three 

targeted proteins.23 However, we found the depletion to he only about 95%. Moreover, 

we found that even the remaining 5% of these large proteins had an important 

overshadowing effect. Albumin remained the predominant protein in both DIGE and 

MudPIT arms, clearly overshadowing the smaller proteins. 

More importantly, sorne marker proteins are known to exist predominately in a 

bound phase, where the circulating large carrier proteins act as a reservoir. Thus, albumin 

depletion Can indirectly remove important small molecular weight proteins bound to 

albumin. Although affinities between the carrier proteins and the small markers are weak, 

removing and discarding these "contaminating" large proteins can potentially lead to a 

10ss of sorne markers. Efficient capture of the carrier proteins and specific elution of the 

biomarkers will yield the greatest amount of diagnostic information?6 Liotta et al have 

proposed agents that Can he placed into the circulation to act as 'molecular mops' that 

soak up and amplify the biomarkers that exist.27 Unfortunately these are not yet available 

commercially. Thus, the removal of the high abundance proteins remains the most 

important limiting factor in biomarker search. 
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c. Proteomic findings 

Our results demonstrated that the LCIESI (MudPIT) was much more sensitive as 

compared to two~dimensional gel electrophoresis (DIGEIMALDI). The DIGEIMALDI 

arm revealed only 50 and 75 proteins, and only 4 potential human proteins. The MudPIT 

arm, on the other hand, identified 38 proteins (14 human) from the first patient and 127 

proteins (12 human) from the second patient with the ProQuant search engine. While the 

Mascot search engine was even more sensitive, identifying 181 (74 human) proteins and 

102 (7 human) proteins in the two patients. The quantitative differences were also 

identified more sensitively by iTRAQ then with Cy dyes. iTRAQ labelling was found to 

be 90% successful, and picking up small differences between samples, whereas the Cy 

dyes were ooly able to pick up differences oftwo fold or greater. 

Using the various proteomic methods and search engines, we identified over one 

hundred proteins as being differentially expressed between control and cancer-bearing 

mice. Several candidate proteins were identified as being selectively associated with oral 

cancer or contributed by the host [summarized as venn diagnrams in Figures 22 & 23]. 

Detection of several markers previously reported in the literature as potential cancer 

biomarkers, support that the observed variations in protein expression between mice 

implanted with tissues from the two patients are likely due to the disease phenotypic and 

genotypic characteristics. 

Epidermal Growth Factor Receptor (EGFR) 

Proteomic results with circulating EGFR, which is upregulated in serum from mice 

bearing oral cancer from patient 2 was confirmed using an ELISA assay for serum, as 
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weIl as for conditioned cell culture medium, and correlated with endogenous level of 

EGFR in matched cancer celllines and cancer tissues [Figure 25]. This would indicate 

that high circulating EGFR is likely the result of proteolytically cleaved extracellular 

binding domain of EGFR from cell surface of cancer cells, as has been extensively 

reported in a variety of cancers, including oral cancer. Currently, EGFR is being tested as 

an alternative therapeutic target for head and neck cancer. 92-96 

Clusterin and Cytokeratin 10 

Other serum proteins reported earlier inc1ude clusterin and cytokeratin 10. Clusterin 

is a ubiquitous secretory sulfated glycoprotein implicated in cell aggregation, inhibition 

of complement-mediated cytotoxicity, lipid transport, and anti-apoptotic functions. It has 

been reported as a potential biomarker for prostate cancer recurrence.97 Cytokeratin lOis 

an intermediate filament protein of the epithelial cells involved in cell motility and cell 

differentiation; cytokeratins have been identified as squamous cell carcinoma progression 

prognostic markers.98
•
99 

Gelsolin and Vitamin D-binding protein 

Furthermore, our study identified several proteins known to play a role in acute 

phase response. These include gelsolin, and group-specific component protein also 

known as vitamin D-binding protein. Both of these proteins are abundant components of 

normal human plasma that bind to G-actin with high affinity, thus preventing actin 

filament repolymerization, increasing their clearance from circulation, and preventing 

deleterious effects of long cytoskeletal polymers released during normal or pathological 



54 

cell death. IOO Gelsolin has been implicated in EGFR-associated cell motility, and is 

regulated by osteopontin and integrins, which play a role in cancer metastases. In 

addition gelsolin regulates cancer-associated signaling by interacting with proteins such 

as Src and PI_3K.101
,102 Previous studies report gelsolin to be up-regulated in lung cancer 

cells,103 and renal cancer cells;l04 and down-regulated in ovarian cancer cells, lOS and in 

serum of patients with pancreatic cancer.106 Nevertheless, the correlation between serum 

gelsolin and the susceptibility to inflammatory reactions versus cancer are still debated. 

In our study, human gel solin, as weIl as mouse gelsolin were both down-regulated in 

patient l, and up-regulated in patient 2. The fact that gelsolin was identified in both 

human and mouse forms suggest that gel solin is contributed by cancer cells as well as the 

inflammatory host response. In the absence of validation, we cannot rule out bias due to 

homology overlaps. The fact that Gelsolin was down-regulated in one patient and up­

regulated in the other, leads us to think that this protein is not related to the 

carcinogenesis of HNSCC, however more tests are needed to confirm this hypothesis. 

With regards to vitamin D binding proteins, we have reported previously that vitamin D3 

analogs have therapeutic benefit for head and neck carcinoma.107 

Retinoblastoma prote in family, Bullous pemphigoid antigen }, and Titin 

Other human and mouse proteins found in serum from mice implanted with oral 

cancer tissues from both patients included retinoblastoma protein (pRB) family, bullous 

pemphigoid antigen 1 (BPAGl), titin, and BRCA2. Retinoblastoma protein family was 

identified with the human retinoblastoma associated factor 600 and the mouse 

retinoblastoma binding protein 8. These are implicated in regulation of cellular 
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proliferation and differentiation.lOS-l09 BP AG 1 is a hemidesmosomal transmembrane 

component important in keratinocyte adhesion, motility, differentiation and 

proliferationYo Titin is a giant elastic protein important in muscle function and 

development. It has recently been reported as a possible biomarker for lung 

adenocarcinoma found in plasma and pleural effusions. lOS 

BReA2 

An unexpected finding was the elevation of the breast cancer susceptibility protein 

BRCA2 and other genes never reported in oral cancer. BRCA2 is a large nuclear protein 

involved in DNA repair, cell cycle control, and genomic stability. Germline mutations in 

the BRCA2 gene are associated with breast and ovarian cancer. III In our study, the 

human form of this protein was up-regulated in serum from mice implanted with oral 

cancer tissue from patient 1, and the mouse homolog was up-regulated in serum from 

mice implanted with oral cancer tissue from patient 2. Further studies are needed to 

confirm the utility ofthis marker. 

Pregnancy zone protein, Proteinase inhibitors and Vitronectin 

Of significance to the host-tumor microenvironment are the 20 mouse proteins 

identified using the various proteomic methods and search engines. These mouse proteins 

likely represent a host response to the cancer. In light of the critical role of tumor 

microenvironment in tumor development and progression, we believe these proteins are 

potential biomarkers that need to be carefully examined. Among these proteins, the 

pregnancy zone protein (PZP), a plasma protein thought to be involved in 
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immunosuppressive effects of T ·cells and in the production of interleukin-2 (IL-2), was 

the most significantly expressed mouse protein, and was found to be clearly up-regulated 

in our study. PZP levels have been found to be increased in the sera of women with 

ovarian cancer1l2 and breast cancery3 Interestingly, all the tissues used in our study were 

obtained from male human subjects, and aIl the mice used in the study were male. 

Proteinase inhibitors, such as serine (or cysteine) proteinase inhibitor, alpha-l protease 

inhibitor 2, Serpinal and DOMl, were found in high abundance in all samples. AlI four 

proteins have a significant homology, and the majority were found to be up-regulated. 

Nevertheless, it is difficult to draw conclusions from these findings, because all the serum 

samples have been trypsin digested prior to the mass spectral analysis. Vitronectin, which 

was also up-regulated in our study, is an extracellular matrix protein that alters the 

strength of cellular adhesions, and has recently been reported to bind proteins important 

in the carcinogenesis of lingual carcinoma. 114·115 
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6. Conclusion 

This thesis describes the first proteomic in-vivo model of oral cancer for the 

identification of low abundant serum biomarkers. Using this novel approach, over 100 

proteins were found to be differentially expressed between control and cancer bearing 

mice. Several candidate proteins were identified as being selectively associated with oral 

cancer, and were found to be significant (p<0.05). 

Only time will tell whether any of these identified proteins will be clinically useful 

as a biomarker for head and neck squamous cell carcinoma. The most sensitive marker 

would be able to identifY the most earliest stages of the disease, as weIl as objectively 

assess response to treatment, and predict recurrence of the tumor. This study focused on 

advanced squamous cell carcinoma celllines, and it remains to be seen whether the same 

proteins are expressed in the early forms of the disease. Moreover, the most significant 

barrier to getting a measurable and reproducible marker for head and neck cancer is the 

fact that it is a multifactorial disease. Without a single identifiable etiology for this type 

of cancer, it is very unlikely that one protein will be able to serve as biomarker. Most 

probably we will need to identify multiple proteins that will be able to serve together as 

markers of HNSCC. However, the significance of this study is that it provides a reliable 

new tool for the identification of biomarkers, and it opens the door for subsequent 

studies. 

The proteomic approach reported here addresses a step toward individualized 

proteomic screening and it identifies several potential cancer and host associated 

biomarkers for HNSCC. The current challenge with the resultant enormous data sets is 

the appropria te validation and correlation with the disease in a large number of patients. 
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Nevertheless, the combined use of proteomic technology and clinically relevant cancer 

models is a promising approach for the identification of protein markers for head and 

neck cancer. 
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8. Appendices 

a. Complete protein tables 

Mascot Score (confidence): 
>44 (p<O.05) 

Table 4. DIGE/MASCOT results: human and mouse proteins identified. 
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117:114 ratio: Prot$<:ore (œnfidenœ): 
o 117: tumor, 114 control o >99 (2.0) 
o 117:114> 1: upregulated o >95 (1.3) 
o 117:114 < 1: downregulated o >90 (1.00) 

Table 5. MudPITIPROQUANT results: human proteins identified. 
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Antithrombin-III P32261 1.2386 8.57 
Serum amyloid P (SAP) Pl2246 1.7098 8.13 
Gelsolin Q68FPl 0.7052 8.13 
Serum spreading factor S (vitronectin precursor) P29788 1.0270 7.55 
Prothrombin P19221 0.9632 7.40 
AGPI Orosomucoidl (alpha-l-acid glycoprotein Q60590 0.8300 6.84 
Iprec) 
Sulfated glycoprotein 2 (Clusterin precursor) Q06890 0.6280 6.68 
GUGUbeta ··Q6yml 1.3983 6.68 
Apolipoprotein E P08226 1.1703 4.17 
Apolipoprotein C-III P33622 2.1296 4.00 
AGP 2 Orosomucoid 2 (alpha-l-acid glycoprotein P07361 0.5844 4.64 
2 precursor) 
Carboxypeptidase N, polypeptide 1 Q91WM9 0.9266 4.00 
Angiotensin 1 (angiotensinogen precursor) P1l859 1. 8828 4.00 
N-acetylmuramoyl-L-alanine amidase Q8VCSO 0.7445 4.00 
Itib 1 protein Q8K159 0.8160 3.52 
C3B/C4B inactivator (complement factor 1 Q61129 1. 2021 3.48 
precursor) 
Plasma glutathione peroxidase (GSHPx-P) P46412 1. 6102 3.21 
Urinary bladder cDNA, RIKEN Q9D239 1. 0587 3.10 
Serum paraoxonase/arylesterase P52430 1. 175 2.62 
(P03953) Splice isoform 2 ofP03953 P03953-2 1. 1898 2.57 
Leucine-rich alpha-2-g1ycoprotein Q91XL1 0.6742 2.15 
Zinc-alpha-2-glycoprotein Q64726 0.7148 2.06 
Coagulation factor V 088783 0.9661 2.02 
Kininogen, LMW Q7M084 1.382 4.00 
(Q7TQHO) Splice isoform 2 Q7TQHO-2 0.3670 2.00 
C4b-binding protein alpha-chain Q80SX2 0.3052 2.00 
Killer celliectin-like receptor Q75XR6 3.0951 2.00 
ES cells cDNA, RIKEN Q9CWS5 0.3285 5.53 
Spectrin, non-erythroid alpha chain P16086 0.0426 1. 54 
Oxysterol binding protein-related protein Il Q8CI95 0.5678 1.53 
BRCA2 Q95143 0.7773 1.11 
Immune associated nucleotide 3 Q8R379 1.5373 1.10 
(095789) Splice isoform 2 of 095789 095789-2 0.0582 1.00 

117:114 ratio: ProtScore (confidence): 
o 117: tumor, 114 control o >99 (2.0) 
o 117:114> 1: upregulated o >95 (1.3) 
o 117:114 < 1: downregulated o >90 (1.00) 

Table 6. MudPITIPROQUANT results: mouse proteins identified. 
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CP protein gi147125416 1.4444 73 
Fibronectin gil51476292 2.0682 72 
Gelsolin gil90508 1.3158 60 
EGFR gil757924 1.3462 59 
KIAA gil50510415 1.7169 51 
OTTHUMPOOOOO045643 gil7263925 2.5862 50 

117:114 ratio: Mascot Score (confidence): 
o 117: tumor, 114 control 0 >48 (p<O.05) 
o 117:114> 1: upregulated 
o 117:114 < 1: downregulated 

Table 7. MudPITIMASCOT results: human proteins identified. 
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Fibronectin gil1181242 3.8713 376 
Apolipoprotein A-I gil2145141 5.2603 361 
Apolipoprotein A-IV gil91885 0.7369 358 
Apoa4 gil12836356 0.7306 358 
MHC class III H2 sex-Iimited protein gil387476 1.2459 352 
Fibronectin 1 gil46849812 0.7723 333 
Serpinald prote in gil18256880 0.4047 304 
Hemopexin gil1881768 0.4508 244 
Histocompatibility 2, complement component gil6996919 1.4322 241 
factorB 
Afamin gij21553 101 3.0625 240 
Kininogen gil12643495 2.2182 224 
Plasminogen gil200403 1.8708 214 
Clusterin gil7304967 0.5561 206 
Carboxylesterase 1 gîll0946842 1.9698 193 
Complement component factor h gi119072788 1.4223 167 
Histidine-rich glycoprotein giII1066003 1.9289 158 
Complement C3 precursor gil544053 1.9548 157 
Beta-2 glycoprotein 1 gil1938223 1.5198 154 
Serum paraoxonase/arylesterase 1 (pON 1) gil1709718 0.7647 148 
Apolipoprotein B gil63629958 0.1901 146 
Macroglobulin alpha2 gil224053 1.9009 145 
Serum amyloid P (SAP) gil200924 3.4394 139 
Alpha 2 HS-glycoprotein gil248764 1.6812 139 
Alpha 2-Heremans-Schmid-glycoprotein gil2511777 1.8824 132 
Orosomucoid 2 gil6754950 0.7249 129 
C4/Slp hybrid gil220354 0.4129 126 
Vitamin D-binding protein gil193446 1.3558 124 
antithrombin III gil179161 0.7329 121 
Complement component 7 gi163672487 0.4426 117 
Unnamed protein product gil538l4 0.7095 114 
Apolipoprotein C-III gil15421856 5.0395 110 
Fetub protein gil17390796 2.4060 110 
RIKEN cDNA 1300017J02 giI18204720 1.0917 104 
Alpha-1-acid glycoprotein 2A gill09546 1.0880 104 
Angiostatin gil38000582 1.6638 100 
Serum amyloid A 4 gil6755398 0.9119 87 
Vitronectin gi1202372 1.2876 85 
Gelsolin gil28916693 0.5831 74 
Quiescin Q6 isoform b gil12963609 1.2379 72 
Adipsin gil673431 3.0394 64 
Proapolipoprotein gil178775 1.8861 61 
Coagulation factor V gil6679731 1.6754 58 
B-factor, properdin gil47059181 0.4197 54 
Chymotrypsin C (caldecrin) gil55585960 1.1661 54 
Actin, cytoplasmic 1 (Beta-actin) gi160389477 1.6033 53 
mKlAA0209 protein gil50510415 1.5673 51 
Nuclear protein SkiP gil57090307 1.0572 51 
Liver carboxylesterase 1 gil62510567 3.4954 50 
Reverse transcriptase gil Il 74092 1.3907 50 
Cfhprotein gil20071242 1.7009 50 
Protease inhibitor 3 gi1227259 2.1461 49 
Cpn2 protein (Carboxypeptidase N subunit 2) gil19388017 1.2534 49 
BRCA2 gil1743860 1.9949 47 
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117:114 ratio: Mascot Score (confidence): 
o 117: tumor, 114 control 0 >51 (p<O.05) 
o 117:114> 1: upregulated 
o 117: 114 < 1: downregulated 

Table 8. MudPITIMASCOT results: mouse proteins identified. 



82 

b. Ethics consent and approval 

5MBD-Hôpital général juif - Comité de l'éthique de la 
recherche 

5MBD - Jewisb General Hospital 

Otolaryngology 

Principal Investigator: 
Dr. Moulay Alaoui-Jamali 

Co-Investigators: 
Dr. M.Black 
Dr. M. Hier 
Dr. A. Mlynarek 
Dr. R. Balys 

Addressograph 

Consent form 

Proteomics in Oral Squamous Cell Carcinoma 

We invite you to take part in a research study because you have an early cancer which will be 
removed surgically. Through this research, your tissue will help us identify a test to diagnose 
cancer earlier and improve patient survival. 

What you should know about a research study 
We give you this consent so that you may read about the purpose, risks and benefits of this 
research study. 

Routine care is based upon the best known treatment and is provided with the main goal of 
helping the individual patient. The main goal of research studies is to gain knowledge that may 
help future patients. 

• We cannot promise that this research will benefit you. 
• You have the right to refuse to take part, or agree to take part now and change 

your mind later on. 
• Whatever you decide, it will not affect your regular care. 
• PIease review this consent form carefully and ask any questions before you make 

a decision. 
• Your participation is voluntary. 

1 - Wby is tbis researcb being done? 
To develop a blood test this will tell if a patient has, or does not have, squamous cancer of the 
head and neck. 
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2 * What is the purpose of this stndy? 
Squamous ceIl cancer of the head and neck is the sixth Most common cancer. The Most important 
factor that affects a patient survival is the size and the extent of the tumor at the time of diagnosis. 
Simply put, the earlier the cancer is found, the better the likelihood of a cure. There are many 
patients in which the diagnosis is difficuit due to the lack of symptoms (the patient doesn't know 
anything is wrong) and the location of the t 
umor (you can't see it). Patients often have to undergo general anaesthetic for an examination 
and biopsy in the operating room, many of which come back as not being cancer. These patients 
have a delay in the diagnosis, allowing more time for the tumor to grow hefore treatment can he 
started. 

The purpose of this research is to develop a blood test which will tell us if a patient has or 
doesn't have cancer. For some types of cancer these tests already exist; however, none exists for 
head and neck cancer. This research will help to diagnose this cancer at its earliest stage so we 
can offer more of our patients a cure. 

3 - What will happen to yon if yon take part in the stndy? 
Before your operation a single blood test will he performed (the same as any blood test you 

have recently received). This is frozen and stored in the laboratory of Dr. Moulay Alaoui-Jamali 
for the duration ofthis study (about two years). It will be used to confrrm the results of our study 
by looking for any newly discovered proteins that are related to oral cancer in your blood sample. 
If they are present it will confrrm that this protein can be used to screen for cancer. This will be 
the only test that will be done on your blood sample and, after this test is done, your blood sample 
will be destroyed. The blood samples will be coded so that only Dr. Alaoui-Jamali will know 
which sample belongs to which patient. 

During your operation, we would like to take a smaU piece of the cancer (about 3mm) and a 
smalt piece of normal tissue beside the cancer (also about 3mm) and a blood sample from you. 
The tissue samples will he transplanted into immunocompromised mice. These mice do not have 
a functioning immune system and therefore your tissue will grow in the mice as though it were 
their own. The tumors and normal tissue will he allowed to grow in these mice for a maximum of 
8 weeks. At this time a blood test will he taken from the mice and analyzed for the proteins. We 
hope to identify proteins in the blood of mice which have the cancer transplanted but are not 
found in the blood of mice which have your normal tissue transplanted. 

The tissue transplanted into the mice will also be taken out of the mice and grown in culture 
dishes. There will be no identifying information or numbering system that could link you to this 
tissue to ensure confidentiality. The anonymized tissue will be grown and stored in the laboratory 
of Dr. Alaoui-Jamali indefinitely. Nobody has successfully cultured early oral squamous cell 
carcinoma. This tissue will he used in future studies to learn more about early cancers and to test 
new drug therapies for cancer. 

4 - What are the possible risks and discomforts? 
Because tissue is heing taken in your planned surgery, there are no extra risks you are 

taking. This will not affect your chances of a complete cure from your cancer. The adjacent 
normal tissue taken is very small (Smm) and you will have no increased discomfort. We will also 
take a single blood sample just before the surgery starts. This is the same any of the blood tests 
you have received in preparation for your surgery. This blood test will be used to confrrm the 
results of tbis study. 
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5 - What are the possible benefits? 
There are no medical benefits to you from your taking part in this study. However, your 
participation in this study may increase knowledge ofhead and neck cancers and might help other 
people in the future. 

6 -Ifyou have any questions or problems, whom can you cali? 
If you have any questions about the research now or later, or if you think you have had a 
research-related injwy, you should call Dr. M Black or Dr. M Hier at the Jewish General Hospital 
Department of Otolaryngology: 340-8222 ext 5985. Ifyou cannot reach him or her, or ifyou have 
questions about your rights as a research participant, you may cali the Jewish General Hospital 
patient representative, Ms. Laurie Berlin, at (514) 340-8222 ext. 5833. 

7 - What information wDl be kept confidential? 
We will keep aU research records that identifY you private to the extent allowed by law. However, 
someone from the Jewish General Hospital Research Ethics Committee, and Dr. Black and Dr. 
Hier may inspect and/or copy the records that identifY you. Results of the study may be 
published; however, we will keep your name and other identifYing information private. You may 
he contacted by Dr. Black or Dr. Hier in the future in the event of a major discovery that could 
affect the lives of future patients. Again, any further involvement at that time will be completely 
voluntary. 

8 - Voluntary Participation 
Your participation is voluntary. Vou may decide not to participate or to withdraw from the study 
at any time. In the event that you witbdraw or your participation in this study is ended, aIl data 
collected for the purpose ofthis study may be used to preserve the scientific integrity of the study. 
Vou can decide, at any time, to have any identifYing information removed from the study. 

10 - What else do you need to know? 
There are no costs and no payment for your participation in this study. Your participation is 
voluntary. 
You do not give up any of your legal rights by signing this form. We will give you a copy of this 
consent form and a copy will he placed in your medical chart. 

Would you like to be contacted for future research in head and neck cancer? Please circle: 

YES NO 

CONSENT 
Signature: _______________________ -Date: ____ _ 

NameofParticipant: _________________________ _ 

Consent form administered and explained in person by: 

Signature:, ______________________ ----:Date: ____ _ 

Name and title: ___________________________ _ 

Signature of witness: (if required) 

Signarure:~ _____________________________________________________ ___ 



BUREAU D'ÉTHIQUE DE LA RECHERCHE 
RESEARCH ETHICS OFFICE 

JACK MENDELSON, M.D., DIRECTOR 
BlJREAlJ!ROOM G-142 
TEl.: (514) 34Q..7940 
FAX: (514) 340·1l222 • 2390 
E-MAIL: jaCk.mendelson@megill.ca 

October 14,2005 

Dr. Moulay Aloui-Jamali 
Otolaryngology 
5MBD-Jewish General Hospital 

HÔPITAL GÉNÉRAL JUIF 
SIR MORTIMER B. DAVIS 

JEWISH GENERAL HOSPITAL 

HÔPITAL O'ENSEIGNElvIENT DE L'UNIVERSITÉ MeCILL 
A MeC ILL UNIVERSITY TEACHING HOSPITAL 

FRANCA CANTIN l, M.Sc.N" RESEARCH ETHICS OFFICER' 
BlJREAU!ROOM A-9Z5 
TEL.: (514) 340.8222 1/2445 
FAX: (514) 340-7951 
E-MAR.: fcantln;@lab.jgh.mcgill.ca 

SUBJECT: Protoçol #04-{)82 entitled "Proteomics in Oral Squamous Cel! Carcinoma" 

Dear Dr. Aloui-Jamali, 

Thank you for submitting the following documents pertaining to the above-mentioned protocol to the 
Research Ethics Office for review of your Continuing Review Application: 

• Protocol 
• English consent form (September 1,2005) 
• Amendment # 1 (dated September 15, 2005) 

The Research Ethics Committee of the 5MBD-Jewish General Hospital (Federalwide Assurance Number: 
0796) is designated by the province (MSSS) and follows the published guidelines of the Tri-Council Policy 
Statement, 1998 (with 2000,2002 updates), in compliance with the "Plan d'action ministériel en éthique de 
la recherche et en intégrité scientifique" (MSSS, 1998), the membership requirements for Research Ethics 
Boards defined in Part C Division 5 of the Food and Drugs Regulations; acts in conformity with standards 
set forth in the United States Code of Federal Regulations governing human subjects research, and functions 
in a manner consistent with internationally accepted principles of good clinical practice. 

We are pleased to inform you that expedited re-approval for the above-mentioned protocol, as weil as the 
English consent form (September 1, 2005) is granted for a period of one year. For quality assurance 
purposes, you must use the approved REO stamped consent form when obtaining consent by making copies 
of the encIosed ones. 

Please be informed that this study proposaI will he presented for corroborative approval at the next meeting 
of the Committee on November 21,2005. 

Expedited Re-Approval Date: 
Expiration date of Expedited Re-Approval: 

October 14,2005 
Oçtober 13, 2006 

••• 2 
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Au service de tous. 
3755, CH. DE LA COTE-SAINTE-CATHERINE RD., MONTR~L, QU'BEC H3T 1 E2 

www.jgh.ca Care For All. 
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c. Associated Publications 

The data in this thesis have been accepted for publication in 2 original publications: 

Mlynarek AM, Balys RL, Jie S, Hier MP, Black MJ, Alaoui-Jamali MA. A Cell 
Proteomic Approach for the Detection of Secretable Biomarkers of Invasiveness in Oral 
Squamous Cell Carcinoma. In Press: Archives of Otolaryngology - Head and Neck 
Surgery 

Mlynarek AM, Balys RL, Jie S, Xu Y, Hier MP, Black MJ, DiFalco M, Alaoui-Jamali 
MA. A Serum Proteomic Approach for the Identification of Serum Biomarkers 
Contributed by Oral Squamous Cell Carcinoma and Host Tissue Microenvironment. In 
Press: Molecular and Cell Proteomics 


