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ABSTRACT

As the leading cause of dementia, Alzheimer’s disease (AD) prevalence will continue to
rise with the aging global population. One of the neuropathological hallmarks of AD is
extracellular plaques in the brain parenchyma, composed mainly of amyloid beta (AB) peptides.
A peptides are also involved in the pathology of cerebral amyloid angiopathy (CAA), a highly
prevalent disease among AD patients. Although two disease modifying treatments have recently
been FDA-approved for AD, controversy surrounding the efficacy, cost, and safety profiles of
these passive immunotherapies emphasize the imminent need for novel therapeutic intervention
strategies. The Multhaup lab has previously characterized an eight D-amino-acid peptide termed
D-AIP and demonstrated its ability in vitro and in vivo to interact with low-order oligomers of
AP42 (42 amino-acid peptide), attenuate its toxicity, and disrupt its sheet-to-sheet packing —
consequently blocking AP fibril formation. While D-AIP was shown to interact with AB42, its
ability to target other AP species has not yet been investigated.

The current study sought to investigate if D-AIP targets AP43 (43 amino-acid peptide)
longitudinally in vivo using a transgenic Drosophila melanogaster model. Only one additional
threonine residue on the C-terminus longer than AB42, AB43 is present in both AD and CAA
pathologies and has been found to induce aggregation and toxicity of other Ap peptides — such as
the typically innocuous AB40 peptide, which is the prominent A peptide in CAA deposits. In this
study, we first characterized a transgenic Drosophila model with eye-directed expression of human
AP43, where AB43 expression induced toxic eye morphology. Using these transgenic Drosophila,
we conducted a longitudinal study to assess if D-AIP administration through food supplementation
would attenuate AP43-induced eye toxicity. In our study, D-AIP successfully reduced Ap43-

induced toxicity throughout the entirety of a 28-day treatment period, with no sex-specific effects.



D-AIP was also confirmed to be protease-resistant and non-toxic over a 28-day treatment period.
This study also reproduced results of our previous study by Zhong et al. (2019) in transgenic
Drosophila melanogaster with eye-directed expression AB42, where we found that Ap42-induced
toxicity was not attenuated beyond 5 days post-eclosion.

Together, as D-AIP was found to target two key AP peptides heavily involved in the
pathology of both AD and CAA, the results of this study suggest that D-AIP presents as a
promising therapeutic candidate to prevent or delay the progression of AD and/or CAA. In future
studies, it would be valuable to study the effect of D-AIP on AB43 seeding in transgenic
Drosophila models of mixed AB43 and AB40 expression, and in more complex rodent models of

AD and CAA pathologies — ultimately hoping to lead towards an eventual clinical impact.



ABREGE

La maladie d'Alzheimer (MA) est la cause principale de démence et sa prévalence
continuera d'augmenter avec le vieillissement de la population mondiale. Les plaques
extracellulaires dans le parenchyme cérébral, composées principalement de peptides béta-
amyloides (Ap), constituent 'une des caractéristiques neuropathologiques de la MA. Les peptides
AP sont également impliqués dans la pathologie de 1'angiopathie amyloide cérébrale (AAC), une
maladie tres répandue chez les patients souffrant de la MA. Méme si deux traitements pour
modifier la maladie ont récemment été approuves par la FDA pour la MA, la controverse entourant
I'efficacité, le colt et les profils de d'innocuité de ces immunothérapies passives met en évidence
le besoin imminent de nouvelles stratégies d'intervention thérapeutique. Le laboratoire Multhaup
a précédemment caractérisé un peptide de huit D-amino-acides appelé D-AIP et a démontré sa
capacité in vitro et in vivo a interagir avec des oligoméres d'ordre inférieur d'Ap42 (peptide de 42
amino-acides), a atténuer sa toxicité et a perturber son empilement de feuillet a feuillet - bloquant
ainsi la formation de fibrilles d'AP. Bien qu'il ait été démontré que le D-AIP interagit avec I'AB42,
sa capacité a agir sur d'autres especes d'Af est encore a découvrir.

La présente étude a visé a déterminer si le D-AIP cible 1'AB43 (peptide de 43 amino-acides)
longitudinalement in vivo en utilisant un modéle transgénique de drosophile melanogaster. Avec
seulement un résidu thréonine de plus que 1'AP42 a I'extrémité C-terminale, 1'AP43 est présent
dans les pathologies de la MA et de la AAC et induit I'agrégation et la toxicité d'autres peptides
AP - comme le peptide AB40, typiquement bénin, qui est le peptide AP le plus important dans les
dépbts de I'AAC. Dans cette étude, nous avons d'abord caractérisé un modele de drosophile
transgénique avec une expression de AB43 humain dirigée vers I'ceil, ou l'expression de AP43 a

induit une morphologie oculaire toxique. En utilisant ces drosophiles transgéniques, nous avons

Vi



mené une étude longitudinale pour évaluer si I'administration de D-AIP par le biais d'une
supplémentation alimentaire atténuerait la toxicité oculaire induite par I'Ap43. Dans notre étude,
le D-AIP a réussi a réduire la toxicité induite par 'AP43 pendant la totalité d'une période de
traitement de 28 jours, sans effets spécifiques au sexe. Le D-AIP a également été confirmé comme
résistant aux protéases et non toxique sur une période de traitement de 28 jours. Cette étude a
également reproduit les résultats de notre étude précédente de Zhong et al. (2019) chez la
drosophile melanogaster transgénique a expression oculaire AB42, ou s'est trouvée la toxicité
induite par AB42 n'a pas été atténuée au-dela de 5 jours apres I'eclosion.

Etant donné que le D-AIP cible deux peptides AP principaux fortement impliqués dans la
pathologie de la MA et de la AAC, les résultats de cette étude suggerent que le D-AIP est un
candidat thérapeutique prometteur pour prévenir ou ralentir la progression de la MA et/ou de
I'AAC. Dans des futures études, il serait intéressant d'étudier I'effet du D-AIP sur 'AB43 comme
un mod¢le permettant le dépot de AP dans des modeles de drosophiles transgéniques présentant
une expression mixte de I'AB43 et de 1'AP40, ainsi que dans des modeles de rongeurs plus
complexes des pathologies de la MA et de la AAC, dans l'espoir de réaliser un éventuel impact

clinique.
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1. INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of dementia, accounting for 60-80% of all
dementia cases, and disproportionally affects females®. The disease was first described in the early
1900s by Alois Alzheimer of his patient, Auguste D., who exhibited progressive cognitive
impairment — including reduced comprehension and memory, aphasia, hallucinations,
disorientation, and paranoia?®. AD significantly decreases patients’ lifespans and is a major cause
of mortality*®. It progressively impairs cognitive function (such as learning and memory),
behaviour, and eventually motor function (affecting speaking, swallowing, and walking)®.
Ultimately, the cognitive decline due to AD results in a loss of autonomy in those with the disease,
leading to their need for full-time care.

As the population ages, the global prevalence of dementia will continue to increase
significantly, driving further stress on the financial and emotional toll in patients, caretakers, and
family members. Although two recently FDA-approved disease modifying treatments exist to treat
AD, their risk-benefit profiles have been questioned due to cost and safety concerns®’. Thus, novel
therapeutic strategies are urgently needed to prevent AD and its progression.

1.1. Etiology of AD

AD is characterized by two main neuropathological hallmarks: extracellular plaques and
neurofibrillary tangles. Extracellular plaques in the brain parenchyma are accumulations composed
mainly of ~4-kDa amyloid beta (Ap) peptides, while neurofibrillary tangles are intracellular
aggregates of hyperphosphorylated tau®®. The neuropathological cascade begins decades prior to
the onset of clinical symptoms®® and leads to widespread synaptic disfunction and neuronal

death??,



The majority of AD patients develop Sporadic Alzheimer’s Disease (SAD), with clinical
symptoms sporadically occurring later in life at 65 years of age or older*?. This is understood to
be a multifactorial disease caused by the interaction of genetic and environmental factors®®.
However, between 5-10% of AD patients inherit a rare familial form of AD (FAD) and develop
symptoms between the ages of 30 to 50>1314, FAD is usually attributed to inherited mutations in
three principal genes that are related to A processing: the amyloid precursor protein (APP, located
on chromosome 21), presenilin 1 (PSEN1, located on chromosome 14), and presenilin 2 (PSEN2,
located on chromosome 1); mutations in these genes result in a shift in the metabolism of APP,
leading to increased generation and aggregation of toxic AP peptides of varying legnths®1516,

1.2. The amyloid hypothesis

The pathological cascade of Alzheimer’s Disease is hypothesized to be initiated by changes
in AB homeostasis!’. Altered AB homeostasis may be caused by increased production and/or
decreased clearance of AP peptides'®"8 AP peptides with different N- and C- truncations are
derived from sequential proteolytic cleavages of the Amyloid precursor protein (APP) by
secretases’. Accumulation of AP is proposed to induce tau hyperphosphorylation — and unlike
mutations that impact AB production, tau mutations alone do not cause AD®. Further evidence in
support of the amyloid hypothesis arises from the propensity of individuals with Down syndrome
to develop early-onset AD, including pathological AP plaques, neurofibrillary tangles, and clinical
dementia symptoms®2°, As the APP gene is located on chromosome 21, the duplication of this
chromosome in Down Syndrome results in an additional copy of APP, resulting in increased AP

production and subsequent accumulation®2°,



1.3. APP processing and AP production

APP is expressed ubiquitously as a single transmembrane domain protein and is processed
by two major pathways: the non-amyloidogenic pathway and the amyloidogenic pathway (Figure
1). The predominant non-amyloidogenic pathway prevents the formation of neurotoxic Af
peptides?’. APP is cleaved at the plasma membrane within the AP domain by a-secretase (between
residues 687 and 688), resulting in a C-terminal fragment (uCTF) and the release of the non-toxic
large soluble ectodomain sSAPPa!>?224 sAPPa has been proposed as an important mediator in
neuronal plasticity/survival and neuroprotection against cytotoxicity??. aCTF is subsequently
cleaved by y-secretase to yield a 3kDa fragment (P3), and an APP intracellular domain (AICD)?4%,
The y-secretase complex consists of four subunits, notably containing one of two presenilin
homologues (PSEN1 or PSEN2), which are y-secretase’s crucial catalytic components and impact
its subcellular localization?>2¢.

Alternatively, APP is processed through the amyloidogenic pathway leading to the
generation of APB. APP is cleaved by p-secretase (BACEL) at the B-site (between residues 671 and
672), producing BCTF fragments and releasing a large soluble ectodomain sAPPB?. In contrast to
SAPPa, sAPPB has been implicated in neuronal body and axon degeneration?’. The membrane-
associated BCTF undergoes further cleavage by y-secretase at the C-terminal of the Ap domain to
produce AICD and AP peptides of varying lengths (1-XX: e.g., AB1-40) which are released
extracellularly!1522, Cleavage of APP by BACEL1 also occurs at the B’-site (between residues 681
and 682) to yield B’CTF and produce N-truncated AP peptides (11-XX: e.g., AB11-40) following

y-secretase cleavage?.
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Figure 1. APP proteolysis pathways

The non-amyloidogenic pathway (left) and amyloidogenic pathway (right) of APP proteolysis. On
the left: APP is first cleaved by a-secretase to produce sAPPa (blue and pink) and aCTF (pink and
yellow), then subsequently cleaved by y-secretase to generate the non-toxic P3 fragment composed
of non-pathogenic AP residues such as 17-40 and 17-42 (orange) and AICD (yellow). On the right:
APP is first cleaved by B-secretase to produce sAPPJ (blue) and BCTF (pink and yellow), then
subsequently cleaved by y-secretase to generate AICD (yellow) and A peptides of varying lengths
associated with AD pathogenesis such as AB40, AB42, and AB43 (pink).



1.4. Cerebral amyloid angiopathy (CAA)

In addition to depositing in the brain parenchyma as plaques, Ap accumulates into fibrils
and deposits on the walls of cerebral vasculature as cerebral amyloid angiopathy (CAA)?°. CAA
is highly prevalent in AD patients; approximately 80% of AD patients also demonstrate CAA
pathology and CAA is proposed to contribute synergistically to cognitive decline in AD?°-%2, Given
the large prevalence and overlapping pathology between AD and CAA, there has been strong
evidence of mechanistic interactions between the two diseases — therefore encouraging the notion
that disease-modifying treatment for either AD or CAA may be considered as a treatment for both
or mixed pathologies®.

Impaired perivascular clearance of A (such as AB40, Ap42, Ap43) from interstitial fluid
is a shared pathogenic mechanism in both CAA and AD. The deposition of A in vessel walls in
CAA is proposed to interfere with perivascular clearance of AP, leading to a self-reinforcing cycle
of increased A deposition. CAA-related AB deposition results in a loss of vascular smooth muscle
cells, leading to decreased vasoactivity, exacerbating AD pathology through reduced AP
clearance. The accumulation of Ap and consequent loss of vessel integrity in CAA often leads to
brain injuries such as ischemia and hemorrhagic lesions, which range from small cerebral
microbleeds to large symptomatic intracerebral hemorrhages®.

1.5. Ap forms

Among the differing Ap isoforms produced by BACEL and y-secretase cleavages, A
peptides consisting of 40 (Ap40) and 42 amino acids (Ap42) are the most prominent®3, The relative
concentration of AB42 to AB40 is an established biomarker of disease severity/progression and a
determinant in the distribution of amyloid pathology (parenchymal or vascular deposition)33-35,

AP42 is considered to be the main pathogenic form of Af; it has been shown to lead to synaptic



damage and neurodegeneration, and its hydrophobicity and increased propensity to aggregate
gives rise to oligomeric intermediates and insoluble fibrils deposited in plaques®2°3. AB42 is the
major species deposited in senile plaques of AD, whereas AB40 preferentially accumulates in the
cerebrovasculature — however, although at lower levels, AB42 and AB40 are present in vascular
AP deposits and senile plaques, respectively®>3337-3% While AB40 is produced at higher levels than
AP42, it is significantly less prone to aggregation and less neurotoxic than the AB42 peptide*. The
involvement of the kinetically soluble AB40 in amyloid pathology of AD and CAA is proposed to
be nucleation-dependent, where AB40 is seeded by small amounts of kinetically insoluble A
peptides?®-42,

AP43 has been proposed as a primary nucleator of AP aggregates in AD*®, inducing AB
deposition in initial pathological stages of AD and CAA*“5 AB43 is extended by a single
hydrophilic threonine residue (Thr43) relative to AB42, which has been found to significantly
affect the structure and aggregation properties of AB4343. For example, compared to the C-termini
of AP42 and AB40, Thr43 favours direct contact with the protofibril surface and Thr43 increases
the rate and extent of protofibril formation*3. Although total levels of AB43 in human AD brains
are low compared to ABP42 and AB40*, AB43 is highly aggregative and neurotoxic?/31:40:41,44,47.48
is present in AD plaque cores at higher levels than AB40*8, and is also present in vascular AP
deposits®*. Taken together, AB43 presents as a significant potential therapeutic target.

1.6. AP aggregation and toxicity

Soluble AP monomers can self-assemble into heterogenous intermediate oligomers,
protofibrils, and finally, insoluble fibrils through intermolecular B-sheet packing, forming cross-3
sheet structures*®°°. The accumulation of AP is a primary and secondary nucleation-dependent

two-step process, where a small AP aggregate (nucleus) acts as a misfolded protein template,



facilitating subsequent accelerated growth of an aggregate through the addition of soluble
monomers*. Primary nucleation is the initialization process of amyloid aggregation. In this
process, nuclei are formed from monomeric AP at a rate that is dependent on the concentration of
monomers and independent of existing fibril concentration®°2, Alternatively, the formation of a
nucleus may also be catalyzed on the surface of existing AP aggregates in a process termed
secondary nucleation®3, The rapid rate of AP aggregation through secondary nucleation is
influenced by the dynamic growth and fragmentation of existing AP fibrils through a process
known as seeding®®. AP fibril fragmentation produces seed material which acts as misfolded
protein template (or nuclei) and recruit soluble AP monomers — therefore bypassing the
energetically unfavourable and rate-determining step of primary nucleation and proceeding with
accelerated accumulation of AB®3. This process increases the number of replicative entities,
ensuing fibril fragmentation, elongation, and propagation of Ap*°.

Derived from both primary and secondary nucleation pathways, soluble, pre-fibrillar
oligomeric forms of AP are considered the most neurotoxic form of AB. Soluble AP oligomers
have been shown to impair long-term potentiation (LTP) and dendritic spine structure in the
hippocampus and are correlated with the cognitive deficits and disease symptoms of AD>1142:54.55,
1.7. Therapeutics for AD

Despite decades of extensive research and new discoveries made regarding the
pathogenesis of AD, there is yet to be a cure for the disease. Between the two categories of
therapeutics for AD (symptomatic or disease-modifying), current clinical treatment for AD is
limited to treating symptoms, while disease-modifying treatments have not experienced much
success in clinical practice®®>. The Food and Drug Administration (FDA) approved symptomatic

treatments for AD at present include acetylcholinesterase inhibitors (donepezil, galantamine,



rivastigmine) and N-methyl-D-aspartate (NMDA) receptor antagonists (memantine) to increase
the concentration of the neurotransmitter acetylcholine, and inhibit NMDA receptor-induced
excitotoxicity, respectively'#5":58 Symptomatic treatments are aimed to improve the cognitive
impairment and neuropsychiatric symptoms in patients with AD, however they do not address or
modify the biological underpinnings of AD that result in neuronal death. Approximately 20 years
prior to the onset of clinical dementia symptoms, the process of AB accumulation begins®1%%7, This
asymptomatic period (classified as the pre-clinical AD stage) complicates the efficacy of disease-
modifying AD treatment at the onset of clinical symptoms in patients (i.e., mild cognitive
impairment stage of AD and eventual dementia).

1.8. Disease-modifying treatments for AD

There has been a shift in AD research towards novel disease modifying treatments and therapeutic
targets to reduce the risk and/or prevent the clinical manifestation of AD. However, most disease-
modifying therapeutics have either not progressed to, or have failed, phase 3 clinical
trials>1417:5659  Among the most investigated disease-modifying strategies at present are
monoclonal antibodies (mAbs), targeting AP in passive immunotherapy to mediate the clearance
of AP from the brain®. After nearly 20 years without any new FDA-approved therapeutics for AD,
the FDA recently approved two disease-modifying therapeutics, aducanumab (June 2021) and
lecanemab (January 2023)":%0, Both therapeutics are mAbs that target AB plaques and oligomers®?,
intended for the initiation of treatment in patients with mild cognitive impairment (MCI) or mild
dementia stage of AD"°. Although encouraging, mAbs have high costs and associated risks of
developing vasogenic cerebral edema and cerebral micro-hemorrhages — therefore, their risk-
benefit profile has been questioned®. There is a common hypothesis that disease-modifying drugs

are being delivered to patients too late in the disease process, therefore hindering their efficacy.



This obstacle further emphasizes not only the need for preventative or early intervention
treatments, but also the need for affordable and accessible treatments.
1.9. Ap-interacting peptide (AIP) as a disease-modifying therapeutic candidate

Based on the premise of oligomers being the most neurotoxic form of A, AB oligomers
are an attractive target for disease-modifying therapeutics. AP peptides contain three consecutive
repeats of a GxxxG motif that encompasses AP residues G25 to G37, which form molecular
grooves and notches that facilitate and stabilize sheet-to-sheet stacking of AB®2. The Multhaup lab
has previously demonstrated the importance of the central GxxxG motif (containing residue G33)
in the inhibition of long-term potentiation by AP42, and the oligomerization and toxicity of
AP420364,

The lab of Dr. Steven Smith and collaborators used the corrugated structure of AP peptides
to design short peptide inhibitors that disrupt sheet-to-sheet packing and block AP fibril
formation®2%, Qur lab (the Multhaup lab) has been investigating the potential of a similar, further
developed peptide, as a disease-modifying therapeutic for the early intervention of AD and CAA.
This peptide, which we termed the AB-interacting peptide (AIP), is an eight amino-acid peptide
with a sequence of RGTFEGKF. Our lab has previously characterized AIP and discovered that
AIP interacts with low-order AB42 oligomers at glycine grooves of the GXXXG motif®®. We have
also demonstrated that AIP attenuates further aggregation of AB42 into proto-fibrillar structures
and neutralizes the toxicity of AP42 oligomers®®.

In organotypic hippocampal slice cultures, AIP reduced AB42-induced synaptic spine
density loss and rescued LTP®. Notably, we used the D-enantiomer of AIP (D-AIP) and

characterized it as protease resistant, capable of crossing the invertebrate blood brain barrier

(BBB) and showed that it rescued AB-induced toxicity in transgenic Drosophila melanogaster



expressing human AB42 in the eye®®%7. Typically, D-enantiomers are known to be more resistant
to proteolysis and have increased biostability as therapeutics compared to their natural L-
enantiomers®. In 2015, our lab demonstrated that D-AIP significantly prevented photoreceptor
dysfunction and degeneration in 5-day-old (days post-eclosion) transgenic AB42 flies; however,
the L-enantiomer of AIP (L-AIP) did not demonstrate significant rescue effects®.

Subsequently in 2019, our lab’s longitudinal study using transgenic AP42 flies further
demonstrated D-AIP’s ability to attenuate the toxicity of AP42, without impacting survival or
locomotor behaviour®”. In transgenic flies expressing ABP42 in eye tissue, live confocal imaging
was used to evaluate AB42-induced toxicity on compound eye morphology. The effect of D-AIP
on AB42-induced toxicity was assessed on both 5 and 28 days post-eclosion. When flies were bred
and raised on D-AIP-supplemented food, AP42-induced toxicity was rescued in 5 days post-
eclosion female flies. However, toxicity was not rescued in 28 days post-eclosion female flies, or
male flies at either 5 or 28 days post-eclosion. Failure of D-AIP to rescue AB42-induced toxicity
in male flies was likely due to co-localization and interaction of D-AIP with a confounding male-
specific sex peptide (Acp70A) in their gut.

In the same study, food supplementation with L-AIP and a scrambled version of AIP (S-
AIP) was also investigated®’. L-AIP was more readily degraded in Drosophila melanogaster than
D-AIP, while S-AIP showed no attenuation of toxicity or detrimental side effects — demonstrating
the increased effectiveness, bioavailability, and specificity of D-AIP.

1.10. Drosophila melanogaster as a model for AD

The Drosophila melanogaster model is ideal for in vivo screening of therapeutics in

Alzheimer’s disease?3%°. The adult fly is a complex invertebrate organism that possesses structures

that perform equivalent functions of mammalian human organs — including the brain and a
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corresponding BBB — allowing for key assessments of a therapeutic’s distribution, metabolic
stability, and low toxicity®®’°. The fly’s rapid generation time, relatively low cost, and ease of
genetic manipulation provide an important preliminary in vivo screening model prior to conducting
studies in higher organisms such as rodent models™.

Many Drosophila models of AD induce expression of AB42 in the compound eye’. The
notable advantages of eye-expression models are the ease of phenotype detection, and their
tolerance to disruptions of basic biological processes of the eye since it is dispensable for
survivalt. Toxicity in the Drosophila compound eye presents as a “rough eye” phenotype of
varying severity’*. The eyes of Drosophila are arranged in a honeycomb-like structure, composed
of approximately 800 ommatidia’>. Each ommatidium comprises eight photoreceptor cells and 12
accessory cells, including pigment cells. Expression of toxic transgenes in the eye result in a loss
of photoreceptors and/or disruption in their packing. The rough eye phenotype is characterized by
abnormalities in this honeycomb-like organization; missing cells disrupt the integrity of the
hexagonal lens structure of ommatidia, leading to fused ommatidia, square or misshapen lens
facets, and/or general disorganization of ommatidia’.

Transgenic fly models with eye-specific expression of AB43 have rarely been studied
compared to AB42-expressing fly models, and the toxicity of AB43 in vivo is not as clear. In 2015,
the lab of Dr. Partridge generated transgenic Drosophila models of amyloid pathology through
either eye-specific or neuron-specific expression of AB434’. Expression of AB43 in the eyes led to
the progressive loss of photoreceptor neurons resulting in a rough eye phenotype, while neuron-
specific expression of AB43 caused altered locomotion and decreased lifespan of the flies*’; they
concluded that AB43 peptides are mainly insoluble and highly toxic in vivo, though to a milder

degree than AB42.
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2. RATIONALE, AIMS and HYPOTHESIS

Soluble, pre-fibrillar oligomeric forms of AP play a major role in the pathogenesis and
disease symptoms of AD through impairing LTP and dendritic spine structure in the hippocampus,
presenting as a logical therapeutic target for disease-modifying treatment of AD. The Multhaup
lab’s previous findings that D-AIP targets and neutralizes low-order Ap42 oligomers both in vitro
and in vivo have been extremely encouraging.

Both AD and CAA pathologies encompass the presence and interaction of AP peptides that
vary in length (not only AB42) — prompting the question if D-AIP targets other AP species, such
as AP43. Considering the proposed role of AP43 as a seeding peptide in both AD and CAA,
inducing AP deposition at initial pathological stages, this thesis seeks to determine if D-AIP can
target and rescue AP43-induced toxicity in vivo, in a longitudinal study using transgenic
Drosophila melanogaster models as a screening system.

This thesis has two aims. First, we aimed to characterize and quantify the toxicity of the
compound eye in transgenic Drosophila that express human AB43 under an eye-specific promotor.
Using live confocal imaging, the gross morphology of transgenic Drosophila compound eyes was
evaluated and quantified. This was done at two time points (5 and 28 days post-eclosion) to
establish a longitudinal phenotypic baseline for AP43-induced toxicity in our transgenic
Drosophila model, prior to performing longitudinal rescue studies at those specific time points.

Aim two longitudinally assessed the ability of D-AIP to target and neutralize AB43-induced
toxicity in transgenic Drosophila through food supplementation. Flies were bred and raised on
either D-AIP supplemented food, or regular non-supplemented food as a control. Live confocal
imaging was used to assess and quantify the gross morphology/rough eye phenotype of the

compound eye, at 5, 14, and 28 days post-eclosion across all treatment groups of each sex. The
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uptake and biostability of D-AIP by Drosophila was confirmed using matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry. Immunoprecipitation and
Western blotting were performed across treatment groups of each sex to assess if D-AIP has an
effect on soluble and insoluble levels of AB43. A survival assay was also conducted to evaluate
any effects of D-AIP consumption on the longevity of Drosophila.

This experiment utilized three different transgenic fly models under eye-specific promotors
to express either human AB43, AB42, or no human transgene (i.e., wildtype control, WT). Human
AP42-expressing transgenic flies served as a control as an established model of ApB42-induced eye
toxicity. Additionally, AB42-experessing Drosophila were utilized in this study as a control on D-
AIP’s effect on AB42-induced toxicity in Drosophila melanogaster®®:57, Sex-specific outcomes of
D-AIP administration were investigated across experiments in this study.

We hypothesized that D-AIP would successfully target and neutralize the toxicity of Ap43
oligomers in vivo, using transgenic Drosophila melanogaster as a model. Recent preliminary in
vitro experiments from our lab have used transmission electron microscopy (TEM), circular
dichroism (CD) spectroscopy, and MALDI-TOF mass spectrometry to investigate if D-AIP
interacts with synthetic AB43. These recent experiments have successfully demonstrated that in
vitro incubation of synthetic AB43 peptides with D-AIP results in interactions between D-AIP and
soluble low-order AB43 oligomers — providing convincing foundation to move forward with in
vivo experiments using Drosophila melanogaster. Our hypothesis was grounded in these in vitro
results, along with the previously documented biostability of D-AIP in vivo (using Drosophila
melanogaster®” and wildtype mice’®) and its ability to cross the invertebrate BBB.

Together, the results from our study on D-AIP’s longitudinal effect on Drosophila eye

toxicity, D-AIP’s effect on Drosophila survival, and D-AIP’s effect on AP levels in Drosophila
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will advance our understanding of D-AIP’s potential as a therapeutic agent. Building on our
previous findings that D-AIP attenuates AB42-induced toxicity, if D-AIP successfully attenuates
AP43-induced toxicity in Drosophila melanogaster, this study will demonstrate the utility of D-

AIP to target multiple toxic AP species associated with both AD and CAA.
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3. MATERIALS and METHODS

3.1. Transgenic Drosophila melanogaster

Transgenic Drosophila melanogaster achieved tissue-specific expression of a transgene
through the GAL4/UAS binary expression system, which was first described by Brand and
Perrimon in 199374 The GAL4/UAS system accomplishes tissue-specific expression of a
transgene in the progeny (F1) of a cross between two parental fly strains. In one parental strain,
yeast transcription factor GAL4 is fused to a tissue specific promotor. In the other parental strain,
the yeast galactose upstream activator sequence (GAL4 response element, UAS) is fused upstream
of an inserted transgene. When a genetic cross is performed, the transcriptional activator GAL4
binds to UAS, inducing tissue-specific expression of the transgene of interest in the F1 generation.
To attain an eye-specific expression of a given transgene in this study, a GMR-GAL4 driver line
was used, where GALA4 is linked to the promotor glass multimer reporter (GMR).

UAS-AP43 flies were generated by the lab of Dr. Linda Partridge at University College
London*’. UAS-AP42 flies were generated as previously described®®. Both UAS-AB43 and UAS-
AP42 flies were crossed with GMR-GALA4 flies (Bloomington Drosophila Stock Center) to achieve
eye-specific expression of AP peptide. Canton S flies (Bloomington Drosophila Stock Center)
were crossed with GMR-GALA4 flies to create a driver line control.

All experimental fly lines were raised in a 25°C incubator (Tritech) with 12hr light/dark
cycle and 50% humidity. For the toxicity assay in aim one, all flies were bred and raised on Jazz-
Mix Drosophila fly food, prepared according to the manufacturer’s instructions (Thermo Fisher

Scientific Inc.).

15



3.2. DNA extraction and polymerase chain reaction (PCR) to confirm presence of human
Ap43 transgene

After receiving UAS-Ap43 flies from the lab of Dr. Linda Partridge, DNA extraction and
subsequent PCR were performed to confirm the presence of the human AB43 transgene in their
genome. Fifty UAS-AP43 flies were anesthetized with COg, collected, and snap-frozen using
liquid nitrogen. Briefly, flies were homogenized in 400uL of lysis buffer (0.1 M Tris-HCI (pH 9),
0.1 MEDTA and 1 % SDS) and incubated for 30 minutes at 70°C. After adding 56uL of potassium
acetate (8 M), the sample was left on ice for 30 minutes. The sample was then centrifuged at 12
000 rpm and 4°C for 15 minutes and the resulting supernatant was collected. Cold isopropanol was
added to the supernatant, and the supernatant was centrifuged again. Next, 70% ethanol was added,
followed by centrifugation for 10 minutes at 12 000 rpm and 4°C. The supernatant was discarded,
and the dried pellet was resuspended in 100uL of deionized Milli-Q® water.

The extracted DNA was then used in PCR experiments to amplify the transgene. Primers
were designed to encompass the transgene, targeting the start of the signal peptide sequence of
Drosophila Hedgehog (hh) (for extracellular release of AB43) and the end of the proceeding DNA
sequence encoding human AP43. The resulting DNA fragments from PCR were separated on a
2% agarose gel, where the DNA fragment band was then excised from the gel, extracted, and
purified using a NucleoSpin® Gel and PCR Cleanup Kit (Macherey Nagel, Germany). The DNA
sample was then sent to the McGill University and Génome Québec Innovation Centre (Montréal,
Canada) for Sanger sequencing to confirm the presence of Ap43.

3.3. Live confocal imaging
Longitudinal confocal imaging of live flies was performed at the Imaging & Molecular

Biology Platform (Department of Pharmacology & Therapeutics, McGill Life Sciences Complex),
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as previously described®”’>. Briefly, flies of all genotypes, aged either 5 or 28 days, were
immobilized sagittally in 35mm plates half filled with 2% low melting point agarose (Fisher
Scientific) at 45°C. Half of the body and head was embedded in the agarose, with one eye exposed.
Plates were placed on ice to solidify the agarose, and the flies were covered in ice cold water for
anesthetization and cornea neutralization. Eyes of the immobilized flies were imaged usinga TCS
SP8 confocal microscope (Leica; HCX IRAPO L 25X/0.95NA water-immersion objective; green
laser [552] set at 12 % power). Visualization of ommatidia with fluorescence microscopy is
possible due to the autofluorescence of outer photoreceptors and pigment cells’?. After imaging,
the embedded flies were retrieved from the agarose using forceps, dried on Kimwipes (Kimberly-
Clark), and placed back into their initial tubes. Tubes were placed on their side overnight to prevent
flies from sticking to the food and to allow time to recover. Acquired z-stacks were combined
using the Leica Application Suite X (LAS X) software (3.7.5.24914, Leica Microsystems).
Relative eye toxicity (“rough eye” phenotype) for each fly was defined by the percent of defective
ommatidia, which was quantified through dividing the number of defective (misshapen or merged)
ommatidia by the total number of observable ommatidia in each image. All counts were performed

manually using the Multi-point Tool on ImageJ (2.3.0, U.S. National Institutes of Health). The

number of flies imaged/used for quantification for each experiment is reported in figure captions.
3.4. D-AIP food supplementation

Label-free D-AIP (RGTFEGKF, 940.5 Da) was purchased from BioBasic (Markham, ON,
Canada). D-AIP peptides were prepared fresh for each experiment, similar to previously described
methods®2. Briefly, D-AIP peptides were solubilized in batches of 47mg/mL in deionized Milli-
Q® water containing 0.1% ammonia. They were vortexed then sonicated at 37hz and 100% power

for 10 minutes at 4°C.
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All experimental flies were bred and raised in 50mL falcon tubes (Diamed Lab Supplies
Inc.) with 5mL of freshly prepared Jazz-Miz Drosophila fly food. In treated groups, for a final
5mM concentration of D-AIP, 500uL of freshly solubilized peptides were added to the bottom of
the falcon tubes and overlaid with 5SmL of newly prepared fly food (cooled to 45°C). The mixture
was thoroughly blended and left to solidify overnight. The D-AIP concentration of 5mM is in line
with our lab’s previous studies and most other studies examining therapeutics in flies6:67:6%,

Genetic crosses of the parental GMR-GALA4 driver line and transgenic UAS-AB43, UAS-
AP42, or Canton S lines took place on 5mL of either D-AIP supplemented food or regular food.
Parental generation flies were removed from tubes at the appearance of F1 3" instar larvae. F1
transgenic flies were separated by sex and placed in new D-AIP-supplemented or regular food
vials to feed on for 28 days.
3.5. Tissue homogenates

Five flies of each sex, genotype (AP43, Ap42, WT driver line control), and treatment group
(for D-AIP experiment) were anesthetized and collected. Flies were snap-frozen in liquid nitrogen
then vortexed to separate the heads from bodies, isolating the heads for homogenization (as eye-
specific expression of AP is of interest). Homogenization of fly heads was performed as previously
described®’. Briefly, fly heads were homogenized in 100uL of PBS-PI (PBS buffer containing
Complete EDTA-free Protease Inhibitor Cocktail tablets (Roche))’8, centrifuged for 10 minutes at
12 000g and 4°C, and the supernatant was collected as the ‘soluble fraction’. The resulting pellet
was resuspended in 50uL of a harsh extraction buffer containing guanidinium hydrochloride (5M
GnHCI, 50 mM HEPES pH 7.3, 5 mM EDTA, Complete Protease Inhibitor Cocktail (Roche))”’,

then centrifuged again, and the supernatant was then collected as the “insoluble fraction”.

18



3.6. Immunoprecipitation (IP) and Western blot

AB43 or AP42 were immunoprecipitated from soluble and insoluble homogenate fractions
of their respective genotypes using antibody WO0-2 (anti-Ap, epitope residues 4-10; Millipore
#MABN10; 5ug of antibody per 25uL of bead slurry) coupled to protein G Sepharose beads (GE
Healthcare). Samples were subsequently separated by SDS-PAGE on 10-well 4-12% Bis-Tris gels
(NuPAGE), then transferred to 0.45um nitrocellulose membranes. Membranes were subsequently
probed with WO0-2 (1: 10 000), followed by anti-mouse horse-radish peroxidase (HRP)-conjugated
secondary antibody (Promega # W4021; 1: 10 000) for Ap43 or AB42 detection.

Additionally, for Western blots in the D-AIP food supplementation experiment,
corresponding 15uL aliquots of soluble and insoluble fly head homogenate fractions did not
undergo immunoprecipitation and were separated by SDS-PAGE on 10-well 4-12% Bis-Tris gels
(NuPAGE), then transferred to 0.45um nitrocellulose membranes. Membranes were probed with
an anti-actin antibody (Millipore #MAB1501, 1: 5000), followed by anti-mouse HRP-conjugated
secondary antibody (1: 10 000). Western blot data quantification was analyzed using relative ratios
of soluble and insoluble AP to actin expression levels, to assess any effects of D-AIP on soluble
and insoluble AP expression levels between treated and non-treated groups.

3.7. Detection and biostability of D-AIP in flies by matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry

For the detection of D-AIP in experimental flies following a 28-day treatment period, flies
of each sex, treatment group, and genotype (AB43, AP42, WT driver line control) were analyzed
using MALDI-TOF mass spectrometry, using methods similar to those previously described®’.
Briefly, for each sex, the heads and bodies of 5 flies were isolated, snap-frozen separately using

liquid nitrogen, then homogenized in 100uL of PBS-PI (PBS buffer containing Complete EDTA-
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free Protease Inhibitor Cocktail tablets (Roche))®. 20uL of each homogenate was added to 40uL
of methanol, vortexed for 30 seconds, and centrifuged at 13,000rpm for 10 minutes. Supernatants
were collected and taken to the McGill SPR-MS Facility, where 1uL of each sample and HCCA
matrix (a-Cyano-4-hydroxycinnamic acid) was spotted on the ground steel MALDI-TOF plate
using the dried droplet method. A Bruker UltrafleXtreme MALDI-TOF system in reflector positive
ionization mode (calibrated mass range of 700 — 5,000 m/z; FlexControl v3.4 software) was used
to acquire the spectra. lon intensities were assessed by taking the average of three measurement of
500 shots each (i.e. 2000 shots total per sample).
3.8. Statistical Analyses

Statistical analyses of results obtained from experiments were performed using JASP
(0.16.4, JASP Team) and GraphPad Prism (5.0, GraphPad Software Inc.) was used for data
presentation. Statistical significance was considered as p < 0.05 for all required statistical analyses.
Results are presented as mean + SEM (Standard Error of Mean). Tests for normality, equality of
variances, and outliers were performed on all data. Quantifications of eye toxicity from live
confocal imaging micrographs were analyzed using two-way analyses of variance (ANOVA) with
sex and treatment group as factors, followed by Tukey’s multiple comparison tests. Data with non-
normal distributions and/or non equal variances were analyzed using Kruskal-Wallis analyses.
Western blot quantifications of relative AP levels were analyzed using student t-tests (soluble AP
fractions, female insoluble AB fractions) and one-way t-tests (male insoluble AP fractions). No

statistical method was used to predetermine sample sizes and no blinding was performed.
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4. RESULTS

4.1. Confirmation of human Ap43 expression in transgenic Drosophila melanogaster
UAS-ApB43 transgenic Drosophila melanogaster were received from the lab of Linda
Partridge*’. Following PCR experiments which successfully confirmed the presence of the human
AP43 transgene in these flies, a genetic cross between UAS-AP43 flies and GMR-GALIA4 flies was
performed on regular fly food to produce transgenic Ap43-expressing progeny. Expression of
AP43 in the heads of both male and female progeny was confirmed via Western Blotting of
immunoprecipitated Ap from homogenates using the anti-Ap antibody WO0-2 (Figure 2). Bands
were visible at the expected molecular weight of AB43 (approximately 4.6kDa) in the Western
blots of both soluble and insoluble fractions. As controls for positive and negative Ap expression,
immunoprecipitated Ap from homogenates of AB42-expressing or GMR-GALA4 driver control fly
heads were run alongside Ap43 fly samples. Bands were visible at the expected molecular weight
of AB42 (approximately 4.5kDa), while no bands were detected in the lanes of GMR-GALA4 driver

control fly homogenates (Figure 2).
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Figure 2. AB43 is expressed in the heads of transgenic Drosophila melanogaster

Western blots of AR immunoprecipitated from fly head extracts of eye (GMR-driven) expression
of AB43, AP42, or no transgene (WT), using the anti-Ap WO0-2 antibody. Western blots from
immunoprecipitation experiments performed on the ‘soluble’ and ‘insoluble’ fractions of fly head
homogenates are displayed on the left and right, respectively. Flies were aged for 36 days. Five fly
heads per sex and genotype were used.
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4.2. Eye-directed expression of human AB43 in Drosophila melanogaster results in a
longitudinal toxic “rough eye” phenotype

Upon the confirmation of induced AP43 expression in these transgenic flies, live confocal
imaging was performed to investigate eye toxicity induced by the eye-directed expression of Ap43.
Morphology of the compound eye was longitudinally evaluated, and the levels of induced toxicity
(“rough eye” phenotype) were quantified using the ratio of misshapen ommatidia: total ommatidia.
Eye morphology was evaluated through assessing ommatidial shape and organization of the
compound eye, as outlined in Figure 3. Transgenic flies with eye-directed expression of Ap42
(known model of eye toxicity induced by Ap42) and GMR-GAL4 driver control flies were also
evaluated. The penetrance of the rough eye phenotype was 100% in both AB43- and Ap42-

expressing transgenic flies at both time points.
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Figure 3. Evaluation of ommatidial shape and organization in Drosophila melanogaster
compound eye

Representative images of 28-day post-eclosion female Drosophila compound eyes captured using
live confocal imaging, demonstrating differences in ommatidial shape and organization evaluated
for the quantification of AB-induced eye toxicity. While wildtype (WT, top panel) flies possess
hexagonal ommatidia and symmetrical ommatidial organization (circled in blue), transgenic flies
expressing either AB43 (middle panel) or Ap42 (bottom panel) display non-hexagonal, fused, or
square shaped ommatidia, and/or non-symmetrical ommatidial organization (circled in red). Scale
bar: 200um.
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Live confocal imaging was performed at five days post-eclosion and 28 days post-eclosion.
At five days post-eclosion, Ap43-expressing flies demonstrated morphological abnormalities of
ommatidial shape (i.e., square or non-hexagonal lens facets) and organization in both male and
female flies (Figure 4A). Severe deformations of ommatidia structure were observed in eye
specific AP42 transgenic flies of both sexes, with fused lens facets, misshapen ommatidia, and
general ommatidial disorganization of the compound eye (Figure 4A). No substantial
morphological changes in the shape of organization of ommatidia were observed in GMR-GAL4
driver control flies, regardless of sex (Figure 4A). Two-way ANOVA analyses were performed
on micrograph quantifications of eye toxicity for each of the two time points, with sex and
genotype as factors. At five days post-eclosion, there was a significant effect of genotype on the
percent of eye toxicity, F(2, 13) =51.972, p < 0.001 (Figure 4B). Post-hoc analyses using Tukey’s
pairwise comparisons correction demonstrated significant differences in eye toxicity between all
three genotypes: Ap43 transgenic flies (mean = 40.8 + 6.2%) and AB42 transgenic flies (mean =
86.6 + 3.3%) both demonstrated significantly increased eye toxicity quantifications than GMR-
GALA4 driver control flies (mean = 18.4 + 3.3%), p = 0.015 and p < 0.001, respectively. AB43
transgenic flies exhibited significantly lower eye toxicity quantifications than Ap42 transgenic
flies, p < 0.001. No significant interaction effect was found between genotype and sex, F(2, 13) =
0.131, p = 0.879, and no significant effect of sex on eye toxicity quantifications was found, F(1,
13) = 0.035, p = 0.854.

The same cohort of flies was aged 28 days, then individually imaged using live confocal
microscopy to examine eye morphology and induced toxicity at a later stage of life (Figure 5A).
Male and female Ap43 transgenic flies demonstrated more pronounced morphological

abnormalities in ommatidial shape and general organization, while Ap42 transgenic flies of both
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sexes had sustained its morphology from five days post-eclosion, with severe deformations of
ommatidial shape, organization, and structure of the compound eye. Consistent with observations
at five days post-eclosion, no substantial morphological changes in the shape of organization of
ommatidia were observed in GMR-GALA4 driver control flies of either sex. A two-way ANOVA
analysis performed on eye toxicity quantifications revealed a significant effect of genotype of on
eye toxicity, F(2, 19) = 251.351, p < 0.001 (Figure 5B). Post-hoc analyses using Tukey’s pairwise
comparisons correction demonstrated again that both AB43 (mean = 53.5 + 2.0%) and Ap42
transgenic flies (mean = 89.2 + 1.3%) had significantly higher quantifications of eye toxicity than
GMR-GALA4 driver control flies (mean = 17.9 £ 2.5%), p < 0.001 for both comparisons. Ap43
transgenic flies maintained a significantly lower quantification of eye toxicity, p < 0.001. No
significant interaction effect was found between genotype and sex, F(2, 19) = 1.602, p = 0.228,
and no significant effect of sex on eye toxicity quantifications was found, F(1, 19) = 1.050, p =

0.318.
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Figure 4. Expression of human AB43 in the eyes of Drosophila melanogaster results in a
“rough eye” phenotype at day five post-eclosion

A. Representative live confocal images of transgenic male and female Drosophila compound eyes
at five days post eclosion for driver line control (WT) flies (mildly disrupted morphology), A43
transgenic flies (disrupted morphology), and AB42 transgenic flies (disrupted morphology). Scale
bar: 200um. B. Quantification of the percent of misshapen ommatidia in male and female WT,
AP43, and AP42 transgenic flies at five days post-eclosion. Data is represented as mean + SEM.
Statistical analyses were performed using a two-way ANOVA followed by Tukey’s pairwise
comparison tests. No significant effect of sex on eye toxicity and no interaction effect was found.
The percent of misshapen ommatidia significantly differed between each genotype: *p = 0.015,
WT vs. AB43; ***p < 0.001, AB43 vs. AB42; ***p < 0.001, WT vs. AB42. Three to four flies
were imaged per sex for each genotype.
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Figure 5. Expression of human AB43 in the eyes of Drosophila melanogaster results in a
“rough eye” phenotype at day 28 post-eclosion

A. Representative live confocal images of transgenic male and female Drosophila compound eyes
at 28 days post-eclosion for driver line control (WT) flies (mildly disrupted morphology), AB43
transgenic flies (disrupted morphology), and AB42 transgenic flies (disrupted morphology). Scale
bar: 200um. B. Quantification of the percent of misshapen ommatidia in male and female WT,
AP43, and AP42 transgenic flies at 28 days post-eclosion. Data is represented as mean + SEM.
Statistical analyses were performed using a two-way ANOVA followed by Tukey’s pairwise
comparison tests. No significant effect of sex on eye toxicity and no interaction effect was found.
The percent of misshapen ommatidia significantly differed between each genotype: ***p <0.001,
WT vs. AB43; ***p <0.001, AB43 vs. AB42; ***p <0.001, WT vs. Ap42. Three to six flies were
imaged per sex for each genotype.
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4.3. Detection of D-AIP in the heads and bodies of transgenic Drosophila melanogaster at 28
days post-eclosion

MALDI-TOF mass spectrometry was performed by Dr. Mark Hancock to confirm the
uptake of D-AIP in transgenic Drosophila melanogaster. Drosophila with eye-specific expression
of either AB43, Ap42, or GMR-GALA4 control flies were bred and raised for 28 days on either D-
AIP supplemented or non-supplemented food, then snap-frozen for MALDI-TOF analyses. Prior
to analyzing Drosophila homogenates, calibration of a peptide standard (Figure 6A) was
performed, followed by label-free detection of D-AIP (940.477 Da + 1H+ = 941.477 m/z) from
serial dilutions of a 5mM D-AIP stock (Figure 6B). The 941.477 m/z peak was present in the
spectra from homogenates of isolated heads (Figure 7A) and bodies (Figure 7B) of female flies
in D-AIP treated groups across all genotypes. Likewise, the 941.477 m/z peak was also present in
the spectra from homogenates of isolated heads (Figure 8A) and bodies (Figure 8B) of male flies
in D-AIP treated groups across all genotypes. In contrast, across all genotypes, the 941.477 m/z
peak was not present in any spectra from homogenates of fly heads or bodies in the non-treated

groups of either sex (Figure 7-8).
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Figure 6. Calibration of MALDI mass spectrometer and standard D-AIP dilution series

A. Representative spectra for HCCA matrix alone (top), TA50 solvent alone (middle), and Bruker
peptide calibration standard spotted 1:1 with HCCA matrix solution (bottom). B. Representative
spectra for the label-free detection of D-AIP standard (5mM in 0.1% ammonia water) serially
diluted in TA50 solution. Both the sodium (940.477 Da + 23 Na+ = 963.477 m/z) and potassium
(940.477 Da + 39 K+ =979.477 m/z) adducts were detected in addition to the isotopic distribution
for D-AIP (940.477 Da + 1 H+ = 941.477 m/z).
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Figure 7. Detection of D-AIP in homogenates of transgenic female Drosophila melanogaster
by MALDI-TOF mass spectrometry.

A. Representative spectra for the label-free detection of D-AIP (941.477 m/z and/or Na+ / K+
adducts) in the heads and B. bodies of female transgenic GMR-GAL4 control (WT), Ap42-
expressing, and Ap43-expressing flies that were bred and raised for 28 days on D-AIP
supplemented food. Five flies were used per genotype and treatment condition.
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Figure 8. Detection of D-AIP in homogenates of transgenic male Drosophila melanogaster by
MALDI-TOF mass spectrometry.

A. Representative spectra for the label-free detection of D-AIP (941.477 m/z and/or Na+ / K+
adducts) in the heads and B. bodies of male transgenic GMR-GAL4 control (WT), Ap42-
expressing, and Ap43-expressing flies that were bred and raised for 28 days on D-AIP
supplemented food. Five flies were used per genotype and treatment condition.

31



4.4. D-AIP consumption does not significantly affect levels of Ap43 in the heads transgenic
Drosophila melanogaster after 28 days of treatment

Transgenic flies with eye-directed expression of AB43 were bred and raised for 28 days
on either D-AIP supplemented or non-supplemented food, snap-frozen, and their heads were
subsequently isolated for analysis of AP43 levels. Western blots were performed on
immunoprecipitated samples of soluble AB43 fractions (monomers, oligomers, protofibrils) and
insoluble AB43 fractions (fibrils) (Figure 9A). Quantification of relative Ap43 levels in D-AIP
treated and non-treated groups were performed using corresponding actin levels for both soluble
and insoluble Ap43 fractions (Figure 9B). Student’s t-tests demonstrated no significant
differences in mean levels of soluble AB43 between D-AIP treated and non-treated female flies,
t(6) = 0.691, p = 0.516, and male flies, t(6) = 0.142, p = 0.892. A student t-test and one-way t-test
also demonstrated no significant difference in mean levels of insoluble AB43 between D-AIP
treated and non-treated female flies, (t(6) = -2.254, p = 0.065) and male flies (t(3) = -0.837, p =

0.464) respectively.
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Figure 9. Levels of AB43 in transgenic Drosophila melanogaster are not significantly affected
after a 28-day treatment period of D-AIP food supplementation

A. Representative Western blots of soluble and insoluble AB43 fractions, immunoprecipitated
from fly head extracts of transgenic Drosophila melanogaster with eye-driven expression of Ap43.
Flies were bred and raised for 28 days on either regular or D-AIP supplemented food. Five fly
heads were used for each sex per treatment condition. B. Quantification of relative AB43 levels
from Western blot data. T-tests demonstrated no significant differences in soluble or insoluble
AP43 levels in flies of either sex in the D-AIP treated group compared to the non-treated group: p
= 0.516 (Student’s t-test, female soluble fraction), p = 0.892 (Student’s t-test, male soluble
fraction), p = 0.065 (Student’s t-test, female insoluble fraction), p = 0. 464 (One-way t-test, male
insoluble fraction). Data is represented as mean + SEM, n = 4,
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4.5. D-AIP consumption does not significantly affect levels of Ap42 in the heads transgenic
Drosophila melanogaster after 28 days of treatment

Analogous to transgenic AP43-expressing flies, transgenic flies with eye-directed
expression of AB42 were bred and raised for 28 days on either D-AIP supplemented or non-
supplemented food. For analysis of AB42 levels in the head, flies from both treatment groups were
snap-frozen and their heads were isolated. Western blots were then performed on
immunoprecipitated samples of soluble (monomers, oligomers, protofibrils) and insoluble Ap42
fractions (fibrils) (Figure 10A). Quantification of relative AB42 levels in D-AIP treated and non-
treated groups were performed using corresponding actin levels for both soluble and insoluble
AP42 fractions (Figure 10B). Student’s t-tests resulted in no significant difference in mean soluble
AP42 levels in the D-AIP treated group compared to the non-treated group, in both females (t(6)
= 0.207, p = 0.843) and males (t(6) = -0.744, p = 0.485). Further, Student’s t-test resulted in no
significant difference of mean insoluble AB42 levels in the D-AIP treated group compared to the
non-treated group in female flies, (t(5) = 0.396, p = 0.708), and a One-sample t-test also resulted
in no significant difference of mean insoluble AB42 levels in the D-AIP treated group compared

to the non-treated group in male flies, (t(3) = 1,574, p = 0.214).
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Figure 10. Levels of AB42 in transgenic Drosophila melanogaster are not significantly
different after a 28-day treatment period of D-AIP food supplementation

A. Representative Western blots of soluble and insoluble AB42 fractions, immunoprecipitated
from fly head extracts of transgenic Drosophila melanogaster with eye-driven expression of Ap42.
Flies were bred and raised for 28 days on either regular or D-AIP supplemented food. Five fly
heads were used for each sex per treatment condition. B. Quantification of relative Ap42 levels
from Western blot data. One data point (from female, D-AIP treated, insoluble fraction) was an
outlier and therefore excluded from analyses. T-tests demonstrated no significant differences in
soluble or insoluble AB42 levels in flies of either sex in the D-AIP treated group compared to the
non-treated group: p = 0.843 (Student’s t-test, female soluble fraction), p = 0.485 (Student’s t-test,
male soluble fraction), p = 0.708 (Student’s t-test, female insoluble fraction). p = 0.214 (One-way
t-test, male insoluble fraction). Data is represented as mean + SEM, n = 4.
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4.6. D-AIP does not affect longevity of transgenic Drosophila melanogaster

Kaplan-Meier survival curve analyses were used to assess the longevity of transgenic
Drosophila melanogaster with eye-specific expression of either AB43, Ap42, or GMR-GAL4
control flies (Figure 11). Transgenic flies were bred and raised on either D-AIP supplemented or
non-supplemented food, separated by sex, and their survival counts were recorded for a 28-day
treatment period. To determine if D-AIP treatment affected longevity of transgenic Drosophila
melanogaster, log-rank tests were used to compare Kaplan-Meier survival curves of transgenic
flies feeding on D-AIP supplemented or non-supplemented food. No significant differences in
longevity were found between D-AIP treated and non-treated groups in either sex of Ap43 flies
(female: y2(1) = 1.377, p = 0.241; male: y?(1) < 0.001, p = 0.991), Ap42 flies (female: %2(1) <
0.001, p = 0.979; male: ¥?(1) = 0.678, p = 0.411), or GMR-GAL4 control flies (female: x2(1) =

0.678, p = 0.411; male: ¢2(1) = 1.000, p = 0.317).
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Figure 11. Kaplan-Meier survival curves of transgenic Drosophila melanogaster for a 28-day
treatment period of D-AIP food supplementation
Survival curves of transgenic flies with eye-directed expression of AB43, AB42, or driver line
control flies, bred and raised for 28 days on either regular or D-AIP supplemented food. Log-rank
analyses demonstrate that D-AIP treatment has no significant effect on longevity Ap43-expressing,
APB42-expressing, or driver line control flies of either sex (p > 0.05 for all comparisons), 11 flies
per group, n = 3.
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4.7. D-AIP attenuates the Ap43-induced toxic “rough eye” phenotype in transgenic
Drosophila melanogaster at five, 14, and 28 days post-eclosion

Transgenic Drosophila melanogaster with eye-directed expression of Ap43 were bred and
raised for 28 days on either D-AIP supplemented or non-supplemented food. Using live confocal
microscopy, flies were individually imaged at five, 14, and 28 days post-eclosion to assess and
quantify their compound eye morphology (Figures 12-14). Two-way ANOVA analyses were
performed on micrograph quantification data of percent of misshapen ommatidia for five and 14
days post-eclosion, while non-parametric Kruskal-Wallis tests were performed on 28 days post-
eclosion micrograph quantification data, due to unequal variances between groups. D-AIP
demonstrated a significant effect on the percent of misshapen ommatidia (toxic “rough eye”
phenotype) at five days post eclosion, F(1, 34) =5.863, p = 0.021, 14 days post-eclosion, F(1, 12)
=16.972, p = 0.001, and 28 days post-eclosion, H(1) = 24.674, p <0.001; transgenic flies in the D-
AlP-treated group exhibited a significantly lower (day five: mean (female) = 59.30%, mean (male)
= 47.47%; day 14: mean (female) = 67.04%, mean (male) = 49.32%; day 28: median (female) =
67.35%, median (male) = 61.22%) percentage of misshapen ommatidia compared to the non-
treated group (day five: mean (female) = 74.61%, mean (male) = 68.43%; day 14: mean (female)
= 82.45%, mean (male) = 76.52%; day 28: median (female) = 90.69%, median (male) = 91.36%).
There was no significant effect of sex on “rough eye” phenotype at five days post-eclosion, F(1,
34) = 1.447, p = 0.237 and 28 days post-eclosion, H(1) = 0.151, p = 0.697. However, sex had a
significant effect on “rough eye” phenotype at 14 days post-eclosion, F(1, 12) = 5.231, p = 0.041.
Further, no significant interaction between sex and treatment group was found at day five, F(1, 34)

=0.142,p =0.708 or day 14, F(1, 12) = 1.299, p = 0.277.
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Figure 12. D-AIP treatment attenuates Ap43-induced eye toxicity in transgenic flies at five
days post-eclosion

A. Representative live confocal images of transgenic AB43-expressing Drosophila melanogaster
compound eyes at five days post-eclosion, feeding on either regular or D-AIP supplemented food.
Scale bar: 200um. B. Quantification of percent of misshapen ommatidia. A two-way ANOVA
analysis was performed, revealing that D-AIP treatment significantly reduced the percent of
misshapen ommatidia, *p = 0.021. No significant effect of sex on eye toxicity and no interaction
effect between sex and treatment was found, p > 0.05. Data is represented as mean + SEM. Two
to three flies were imaged per treatment replicate, n = 4.
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Figure 13. D-AIP treatment attenuates Ap43-induced eye toxicity in transgenic flies at 14
days post-eclosion

A. Representative live confocal images of transgenic AB43-expressing Drosophila melanogaster
compound eyes at 14 days post-eclosion, feeding on either regular or D-AIP supplemented food.
Scale bar: 200um. B. Quantification of percent of misshapen ommatidia. A two-way ANOVA
analysis was performed, revealing that D-AIP treatment significantly reduced the percent of
misshapen ommatidia, ***p = 0.001. There was a significant effect of sex on percent of misshapen
ommatidia, *p = 0.041. No interaction effect between sex and treatment was found, p > 0.05. Data
is represented as mean = SEM. One fly was imaged per treatment replicate, n = 4.
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Figure 14. D-AIP treatment attenuates Ap43-induced eye toxicity in transgenic flies at 28

days post-eclosion

A. Representative live confocal images of transgenic Ap43-expressing Drosophila melanogaster
compound eyes at 28 days post-eclosion, feeding on either regular or D-AIP supplemented food.
Scale bar: 200um. B. Quantification of percent of misshapen ommatidia. Kruskal-Wallis analyses
were performed, revealing that D-AIP treatment significantly reduced the percent of misshapen
ommatidia, ***p < 0.001. No significant effect of sex on eye toxicity was found, p > 0.05. Data is
represented as mean £ SEM. Two to three flies were imaged per treatment replicate, n = 4.
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4.8. D-AIP attenuates the Ap42-induced toxic “rough eye” phenotype in transgenic
Drosophila melanogaster only at five days post-eclosion

Analogous to ApB43-expressing flies, transgenic Drosophila melanogaster with eye-
specific expression of AB42 were bred and raised for 28 days on either D-AIP supplemented or
non-supplemented food. Flies were separated by sex and their eye morphology was captured
longitudinally using live confocal imaging over the 28-day treatment period. The eye-morphology
of flies from each sex and treatment group were evaluated and their percent of misshapen
ommatidia (toxic “rough eye” phenotype) were quantified at five, 14, and 28 days post-eclosion
(Figures 15-17). Non-parametric Kurskal-Wallis Tests were performed on quantification data
from all three time points, due to unequal variances between groups (day five and day 14) or non-
normal distribution of the data (day 28). There was a significant effect of D-AIP on the “rough
eye” phenotype at five days post-eclosion, H(1) = 4.671, p = 0.031, where transgenic flies treated
with D-AIP demonstrated a significantly lower median percent of misshapen ommatidia (median
(female) = 88.89%, median (male) = 86.06%) compared to the non-treated group (median (female)
= 94.76%, median (male) = 89.61%). However, at 14 and 28 days post-eclosion, D-AIP did not
have a significant effect on the “rough eye” phenotype; the median percentage of misshapen
ommatidia in the D-AIP treated group (day 14: median (female) = 92.31%, median (male) =
83.13%; day 28: median (female) = 95.78%, median (male) = 93.14%) was not significantly
different than that of the non-treated group (day 14: median (female) = 95.88%, median (male) =
96.73%; day 28: median (female) = 94.75%, median (male) = 96.50%), day 14: H(1) = 3.692, p =
0.055; day 28: H(1) = 0.070, p = 0.792. There was no significant effect of sex on “rough eye”
phenotype at five days post-eclosion, H(1) = 2.628, p = 0.105, 14 days post-eclosion, H(1) = 0.410,

p =0.522, or 28 days post-eclosion, H(1) = 0.214, p = 0.644.
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Figure 15. D-AIP treatment attenuates Ap42-induced eye toxicity in transgenic flies at five
days post-eclosion

A. Representative live confocal images of transgenic Ap42-expressing Drosophila melanogaster
compound eyes at five days post-eclosion, feeding on either regular or D-AIP supplemented food.
Scale bar: 200um. B. Quantification of percent of misshapen ommatidia. Kruskal-Wallis analyses
were performed, revealing that D-AIP treatment significantly reduced the percent of misshapen
ommatidia, *p = 0.031. No significant effect of sex on eye toxicity was found, p > 0.05. Data is
represented as mean + SEM. Two to three flies were imaged per treatment replicate, n = 3.
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Figure 16. D-AIP treatment attenuates Ap42-induced eye toxicity in transgenic flies at 14
days post-eclosion

A. Representative live confocal images of transgenic Ap42-expressing Drosophila melanogaster
compound eyes at five days post-eclosion, feeding on either regular or D-AIP supplemented food.
Scale bar: 200um. B. Quantification of percent of misshapen ommatidia. Kruskal-Wallis analyses
were performed, revealing that D-AIP treatment did not significantly reduce the percent of
misshapen ommatidia, p = 0.055. No significant effect of sex on eye toxicity was found, p > 0.05.
Data is represented as mean + SEM. One fly was imaged per treatment replicate, n = 3.
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Figure 17. D-AIP treatment attenuates Ap42-induced eye toxicity in transgenic flies at 28
days post-eclosion

A. Representative live confocal images of transgenic Ap42-expressing Drosophila melanogaster
compound eyes at five days post-eclosion, feeding on either regular or D-AIP supplemented food.
Scale bar: 200um. B. Quantification of percent of misshapen ommatidia. Kruskal-Wallis analyses
were performed, revealing that D-AIP treatment did not significantly reduce the percent of
misshapen ommatidia, p = 0.792. No significant effect of sex on eye toxicity was found, p > 0.05.
Data is represented as mean + SEM. Two to three flies were imaged per treatment replicate, n = 3.
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DISCUSSION

The recently FDA-approved disease-modifying therapeutics for AD (aducanumab and
lecanemab) are encouraging for the field — however, controversy surrounding the efficacy, cost,
and safety profiles of these passive immunotherapies emphasizes the imminent need for novel
therapeutic intervention strategies. The Multhaup lab has previously characterized an eight D-
amino-acid peptide termed D-AIP, and demonstrated its ability in vitro and in vivo to interact with
low-order oligomers of AB42, attenuate its toxicity, and disrupt its sheet-to-sheet packing,
consequently blocking AP fibril formation®6"73, While D-AIP was shown to interact with Ap42,
its ability to target other AP species has not yet been investigated. Considering the role of Ap43 in
AD and CAA (as a neurotoxic peptide and seeding agent for other A species), the current study
sought to investigate if D-AIP targets AP43 longitudinally in vivo. After characterizing a
transgenic Drosophila melanogaster “rough eye” phenotype model induced by eye-directed
expression of APB43, our longitudinal study found that D-AIP attenuated APB43-induced toxicity
over a 28-day treatment period, with no sex-specific effects. We also validated our lab’s previous
findings on D-AIP’s biostability, its ability to cross the invertebrate BBB, and that D-AIP does not
produce negative side effects on the longevity of Drosophila.
5.1. Transgenic Drosophila melanogaster with eye-directed expression of Ap43 constitutes as
an appropriate model of toxicity

We aimed to use the transgenic Drosophila melanogaster “rough eye” phenotype as a
model of AP toxicity. In contrast to the well-established AB42-induced “rough eye” Drosophila
model that our lab utilized in the previous in vivo AIP studies, the Ap43-induced “rough eye”
model is less frequently studied or characterized. It was necessary to first characterize a transgenic

AP43 Drosophila model and explore the level of toxicity (“rough eye” phenotype) induced by eye-
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directed expression of AP43, to properly establish a baseline of toxicity in our model prior to
conducting any therapeutic experiments.

After validating presence of the human AP43 transgene in the parental UAS-AB43
Drosophila strain, this strain was crossed with the GMR-GAL4 parental strain to induce eye-
directed expression of human Ap43. Immunoprecipitation and western blotting of the progeny
successfully confirmed AP43 expression in their heads (Figure 3). Upon verified expression of
AP43, the toxicity induced by AB43 expression was investigated at 5 and 28 days post-eclosion,
using live confocal imaging to examine compound eye morphology. Quantifications of eye
morphology revealed that AB43 induces a toxic, “rough eye” phenotype in both males and females
at 5 (Figure 4) and 28 days-post eclosion (Figure 5), increasing in severity with age. Although
these transgenic flies presented a “rough eye” phenotype, the severity was significantly lower than
that induced by AP42 in transgenic Drosophila. This result aligns with previous literature on
expression of AB43 in the eyes of Drosophila melanogaster relative to AB42 expression. In 2015,
Burnouf et al. reported eye (GMR-driven) expression of AB43 to have a significantly toxic effect
on the morphology of the compound eye in transgenic Drosophila — although they emphasized
that the effect was significantly milder than the toxicity induced by the expression of AB42 in the
eyes of transgenic flies*’. Further, this result supports the in vitro findings of Barucker et al. (2014)
that although AB43 and AB42 exhibited significant toxicity, Ap42 reduced cell viability to a greater
extent than Ap4378.

It is also important to note that the quantified toxic “rough eye” in GMR-GAL4 driver
control flies was not at 0% severity, but was rather 18.4 + 3.3% and 17.9 + 2.5% for 5 days and 28
days post-eclosion, respectively. This result was expected, as the Wildtype Canton S. line (which

does not possess a rough eye phenotype) was not being used — instead, our experiment used the
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progeny of a cross between the Canton S. line and the GMR-GALA4 line to obtain a control for
GMR-GAL4 driver effects in progeny. In agreement with literature on the methodology of
assessing the rough-eye phenotype, GMR-GAL4 driver control flies are known to possess a mild
“rough eye” phenotype on their own, and it is necessary analyze the phenotype of these flies as
experimental controls, relative to experimental lines’?.
5.2. Detection and biostability of D-AIP in the heads and bodies of transgenic Drosophila
melanogaster

Following characterization of the AB43 transgenic Drosophila model, we proceeded with
experiments to analyze the effects of D-AIP food supplementation in this model. Flies were bred
and raised for 28 days on either normal food or food supplemented with D-AIP. Following the
treatment period, the presence of D-AIP in both the heads and bodies of treated flies was examined
using MALDI mass spectrometry by Dr. Mark Hancock. The 941.477 m/z peak of D-AIP was
detected in spectra of homogenates from the heads and bodies of flies treated with D-AIP, while
the peak was absent in the spectra of flies from the non-treated groups (Figures 7-8). The presence
of D-AIP in the heads of treated flies indicate that D-AIP was consumed and was likely able to
cross the invertebrate BBB. This finding is supported by the results of our previous study on D-
AIP and AB42 in transgenic Drosophila, where D-AIP was detected in the heads of Drosophila by
both MALDI mass spectrometry and MALDI mass spectrometry imaging (MSI)’.

The peak of intact D-AIP in the MALDI mass spectrometry spectra of our current study
also highlights the biostability and resistance to proteolysis of D-AIP in vivo, in line with our lab’s
previous in vivo study. Zhong et al. (2019) reported on the biostability of L-AIP compared to D-

AIP in Drosophila, where L-AIP was rapidly degraded in vivo, compared to D-AIP which
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remained intact. D-AIP’s likely resistance to proteolysis and stability in Drosophila melanogaster
is encouraging for future studies on D-AIP administration in higher order in vivo models.

The likelihood of the current study’s detection of D-AIP in transgenic Drosophila being a
result of contamination is extremely low. This is not only because of the analogous results in our
lab’s previous study and their specific localization of D-AIP by MALDI-MSI®, but also because
of our methods for handling the experimental flies prior to homogenization. To sanitize surfaces
and prevent static electricity when separating flies into tubes for snap-freezing, surfaces were
wiped down with 70% ethanol — further, all flies were handled with a small paintbrush which was
freshly soaked in 70% ethanol. Consequently, as flies were separated into tubes for snap-freezing,
they were fully coated in fresh ethanol; any residual D-AIP supplemented food which may have
stuck to the flies would have been wiped away with each brush stroke of ethanol.

5.3. Levels of AB43 or Ap42 in transgenic Drosophila melanogaster are not affected by D-AIP
treatment

The expression of AB43 (Figure 9A) and Ap42 (Figure 10A) was confirmed in 28-day-
old experimental flies of both sexes from D-AIP treated and non-treated groups by
immunoprecipitation and western blotting. To investigate if D-AIP affected A levels after 28 days
of treatment, relative levels of either PBS-soluble or GdnHCI-soluble AB43 were quantified from
western blots of either D-AIP treated or non-treated flies from both sexes. In either sex, no
significant changes in AB43 levels were detected between treated and non-treated groups (Figure
9B). Likewise, no significant changes in levels AB42 were detected between treated and non-
treated groups (Figure 10B). Theoretically (for both AB43 or Ap42), if D-AIP interacted with and
“trapped” soluble low-order oligomers of AP and decreased subsequent fibril formation, one would

expect soluble A levels to increase and insoluble A levels to decrease in D-AIP treated groups
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relative to non-treated groups. Although statistically insignificant, this trend is visible in the
quantifications of soluble AB43 in both females and males, and of insoluble AB43 in females
(Figure 9B). While no significant differences in Ap43 or Ap42 levels were observed between
treated and non-treated groups, this result actually aligns with the results of our lab’s previous
study investigating D-AIP on AB42 in transgenic Drosophila®’. Zhong et al. (2019) reported no
significant differences in levels of AB42 in the heads of treated and non-treated flies, after
performing quantifications on western blots of immunoprecipitated Ap42. The previous 2019
study and this current study both used the same methodology to investigate relative levels of Ap,
which may now reveal a limitation in these experiments. A higher sensitivity assay, such as Meso
Scale Discovery (MSD) immunoassay which has been utilized by other groups working with
transgenic Ap-expressing flies””"°, would provide more precise and informative quantifications of
AP levels.

In the quantifications of relative Ap43 and AB42 in both soluble and insoluble fractions, a
difference in relative AP levels is observed between males and females. In both fractions, male
flies appear to present higher relative levels of Ap43 and APB42, compared to female flies. This
observation was unexpected, considering there were no sex-specific differences of eye toxicity in
our initial characterization experiments. However unanticipated, lijima et al. (2004) used the
GALA4-UAS system to induce AP expression in Drosophila and observed increased expression of
APB40 and AB42 in males relative to females. They reported the difference to be partially explained
by gene dosage compensation, as the GAL4 promoter is located on the X chromosome®, which

may also be the source of differences in AP expression between sex in the current study.
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5.4. D-AIP longitudinally attenuates Ap43-induced eye toxicity, but only attenuates Ap42-
induced toxicity at day 5 post-eclosion in transgenic Drosophila melanogaster

Upon verification of D-AIP uptake and AP43 or AP42 expression in experimental
transgenic Drosophila, their eye morphology was assessed and quantified at three time points
during a 28-day treatment period using live confocal imaging.

D-AIP was found to significantly reduce the severity of Ap43-induced toxic “rough eye”
phenotype in male and female transgenic Drosophila at all three experimental time points.
Interestingly, the mean quantifications of toxicity in D-AIP treated groups remained fairly
consistent at all three time points, while the severity of eye toxicity of non-treated groups increased
considerably between each time point as they aged (Figures 12-14). Given the transgenic
Drosophila were also bred on D-AIP, these results and observations indicate that D-AIP likely
targeted and interacted with AB43 in the eyes of these Drosophila at a very young age, interfering
with AB43’s toxicity and aggregation. Given that AB43-induced toxicity in Drosophila increases
with age?’, it is probable that D-AIP’s early-age effect was necessary for the sustained attenuation
of toxicity as the Drosophila aged — modeling the critical need to begin therapeutic interventions
as close to the onset of AD or CAA pathology possible.

No sex-specific effects of D-AIP were observed at any time point in AB43 transgenic flies
— however, there was a significant effect of sex on the severity of “rough eye” toxicity at 14 days
post-eclosion (Figure 13B). Although statistically significant, the effect of sex is most likely the
result of a small sample size and not a true reflection of the population. This proposition becomes
evident when comparing the number of replicates in the live confocal imaging groups at 14 days

post-eclosion against the number of replicates from five and 28 days post-eclosion (where no effect
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of sex was found). Further investigation with additional replicates at the 14-day post-eclosion time
point would be necessary to properly assess the significant effect of sex found in the current study.

In contrast to the longitudinal effects of D-AIP observed in AB43 transgenic Drosophila,
D-AIP was only found to attenuate the toxicity of Ap42 in the eyes of transgenic Drosophila at
five days post-eclosion (Figure 15), but not at 14 or 28 days post-eclosion (Figures 16-17). No
sex-specific effects of D-AIP were found, and no effect of sex on the severity of eye toxicity were
detected. The inclusion of AP42-expressing transgenic Drosophila in the current study were
intended to serve as a control for an established model of AB-induced eye toxicity, while
additionally investigating the reproducibility of our lab’s previous findings from Zhong et al.
(2019). The results from our current study on D-AIP in transgenic Ap42 flies are similar (but not
identical) to the results reported in our lab’s previous longitudinal study on D-AIP in transgenic
AB42 Drosophila®’. Both the previous and our current studies found that D-AIP was able to
attenuate the toxic “rough eye” phenotype induced by AB42 at five days post-eclosion, but not at
28 days post-eclosion. In the current study, an additional experimental time point was added at 14
days post-eclosion, however, D-AIP was still unable to attenuate AB42-induced toxicity at that
time point (Figure 16). The validation that D-AIP is only able to attenuate AB42 toxicity at an
early time point, and not longitudinally, speaks to the high level of toxicity that the non-native
human Ap42 induces in Drosophila early-on. It is possible that the irreversible damage to
photoreceptors and accessory cells (induced by extracellular secretion of human AP42) in
Drosophila was already at such a high level at five days post-eclosion, that any intervention to
slow or prevent future damage would present within such a small margin of difference which

would not be detected by our current method.
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The attenuation of Ap42 toxicity at five days post-eclosion by D-AIP observed in the
current study was not sex-specific, attenuating the toxicity in both males and females. This result
is in contrast to the lab’s previous study, which found that D-AIP only significantly attenuated
AB42-induced toxicity in female flies®”. Zhong et al. (2019) attributed the sex-specific effect of D-
AIP as a confounding factor, due to the accessory gland protein-70A (Acp70A), a male-specific
sex peptide in Drosophila which was found to co-localize with D-AIP in the gut®’. As no sex-
specific effects of D-AIP were found in the current study, it brings into question a possible
weakness of the methods of quantification. In both the current and previous study on D-AIP and
AP42, assessment and quantification of eye toxicity severity was performed by a single observer.
Although in line with guidelines by Giannakou and Crowther (2011) which state that assessment
of the “rough eye” phenotype should be carried out by a single observer, the authors also
emphasized that “rough eye” phenotype assessments are intended to be qualitative’™; naturally,
with no inter-rater reliability or standardized method of assessment between studies, variability in
results is bound to occur. Future therapeutic screening experiments utilizing the “rough eye”
phenotype in Drosophila would benefit from alternative standardized assessment/quantification
methods, such as the automated Flynotyper software8’.

This study demonstrated the variance of D-AIP’s capacity to longitudinally attenuate
different AP species in vivo. While AB43-induced toxicity was attenuated for the duration of a 28-
day treatment period, D-AIP did not attenuate AB42 toxicity at the time points beyond five days
post-eclosion. As the interactions of D-AIP with AB42%¢ or AB43 (Shobo and Sarty et al.,
unpublished) have each been confirmed by test tube incubation experiments in our lab, we suspect
the differential attenuation results to be associated with levels of soluble oligomeric forms of AB43

or AB42 which induce eye toxicity. Our Western blot quantifications showed considerably higher

53



levels of soluble AB43 (Figure 9) than AB42 (Figure 10), demonstrating the differences between
AB43 and AP42 in both their aggregation behaviour and consequent levels of oligomers. The
increased presence of soluble AB43 could be attributed to the speed of AB43 or AP42 aggregation;
AP42 may aggregate more rapidly than AP43, causing only a brief period that D-AIP may be
effective at targeting APB42 oligomers. It would be reasonable to infer that AB43 oligomers may
have been present for a longer time than AB42 oligomers, allowing D-AIP target AB43 oligomers
over a longer duration. However, it should be noted that aggregation speed of AB43 relative to
AP42 remains somewhat of a contradicting topic in the literature. While Chemuru et al. (2016)
found that Ap43 aggregates more slowly than AB428, Saito et al. (2011) observed increased
aggregation propensity of AB43 compared to AB424. Moreover, other studies have found no
difference between AP43 and AP42 aggregation kinetics*®8384, In agreement with our lab’s
previous study investigating properties of synthetic AP42 peptides®, variation in these
observations is most likely due to the use of differentially sourced AP peptides and their varied
concentrations used in experimental approaches. Future studies on relative concentrations of Af343
or AP42 oligomers at a given point in time in vivo are necessary to further our understanding the
difference in D-AIP’s targeting of AB43 and AB42 toxicity.
5.5. Future investigation of D-AIP in transgenic Drosophila melanogaster and higher order
in vivo models

The use of Drosophila melanogaster as a therapeutic screening model has been extremely
beneficial in our lab’s D-AIP studies. Although Drosophila melanogaster have an APP ortholog
(APPL), the AB-encoding region of APPL is not conserved, so they do not endogenously express
AP peptides®?®’. The lack of endogenous AP expression consequently allows for controlled

screening studies, in which D-AIP’s efficacy of targeting a specific AP species can be carried out
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in a transgenic Drosophila model expressing a given species of human A. It would be of interest
to investigate the effect of D-AIP on AB43 seeding in a transgenic Drosophila melanogaster model
which co-expresses multiple human AP species. Burnouf et al. (2015) characterized a transgenic
Drosophila model which co-express AB43 and AB40 pan-neuronally; the expression of AB43 was
found to induce toxicity and aggregation of the normally non-toxic and non-aggregating Ap40,
resulting in synergistic toxic effects on climbing ability and lifespan these flies*’. The investigation
of D-AIP’s effect on AB43 seeding in this Drosophila model would be of value moving forward.
Moving beyond therapeutic screening studies, it is useful to utilize higher-order in vivo AD
or CAA models, which possess more complex and/or mixed AP pathology. Based on the results
of our current study, where D-AIP was found to affect both AB43 and AB42 toxicity to different
extents, it would be beneficial to further investigate the effect of D-AIP on AD/CAA pathology in
amore complex model. Future studies may employ the ArcAf3 mouse model, which express human
APP with combined Arctic (E693G) and Swedish (K670N/M671L) mutations, leading to the
development of AP pathology in brain parenchyma and vasculature, and cognitive impairments®,
It would be imperative to longitudinally assess the ability of D-AIP to not only reduce the
differentially localized A pathology, but to also evaluate if D-AIP can rescue impaired cognition

in these transgenic mice.
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5. CONCLUSION

The results of this thesis have demonstrated that D-AIP can target and longitudinally
attenuate AP43-induced toxicity in transgenic Drosophila melanogaster and have validated our
lab’s previous findings that D-AIP attenuates AB42-induced toxicity only at the five days post-
eclosion point in transgenic Drosophila. This study successfully characterized a transgenic
Drosophila model with eye-directed expression of Ap43 for its use in subsequent D-AIP
therapeutic screening studies. D-AIP was confirmed as biostable in vivo and produced no negative
side effects on the longevity of transgenic Drosophila melanogaster. Together, as D-AIP was
found to target two key AP peptides heavily involved in the pathology of both AD and CAA, the
results of this study suggest that D-AIP presents as a promising therapeutic candidate to prevent
or delay the progression of AD and/or CAA. Moving forward, it would be valuable to study the
effect of D-AIP on AB43 seeding in transgenic Drosophila models of mixed AB43 and AB40

expression, and in more complex rodent models of AD and CAA pathologies.
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