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Abstract

Al zhei mer é6s disease (AD) is the most common caus

b plaque formations and cognitive i mpairment.
familial AD and sporadic AD. Both are suggested to be trigyéy protein misfoldings. Familial and
sporadic AD are associated with mutations of the amyloid cascade pathway and biological aging,
respectively. However, when abnormal protein aggregations become detectable, the cognitive
impairments in the patientseaalready irreversible. Emerging evidence suggested that myelin loss and
oligodendrocyte degeneration are some of the earliest events in both types of AD, but the cellular
mechanism remains unknown. By delineating the biological process leading to pelityloss in AD,

new direction towards early disease detection and patient management may be achievable. To fill the
gap of knowledge, this study characterizes the myelin pathology of AD among different transgenic
mouse model using functional magnetic omsncebased neuroimaging (fMRI), followed by a

histopathological examination of the cellular changes.

To investigate the robustness of fMRI on demyelination, we first studied the effects of demyelination
with cuprizone on amyloid deposition in AD micevdels, R1.40 and APP/PS1. mice predisposed for
familial AD (R.140 and APP/PS1) between 3 and 4 months old and fed cuprizone for chemically
induced demyelination before subjection to multimodal functional MRI. Diffusion kurtosis imaging,
magnetic resonancepectroscopy, magnetization transfer and T2 weighted volumetric analysis were
performed to study structural and chemical changes of the whole cerebrum. Perpendicular diffusion
from white matter tracts was not found between both the treated and untrddtéghes (WT) and

R1.40 strain. Histologically, however, mature oligodendrocyte (OL) populations and the myelin protein,
MAG, were significantly reduced in the cuprizone mice. No neuronal loss was detgstt@NA

damage stained by 53BP1 was prevalehbiih neurons and OLs and more prevalent in cuprizone mice.
This unaffected neuron count compared to the decrease in mature OLs indicate the vulnerability of the
OLs. Complementary investigation into the more aggressive APP/PS1 strain showed increase
diffusivity in the white matter region of the cuprizone treated. Histological analysis showed the
selective reduction in mature OLs without effect on the overall OL population. The compromised OL
differentiation may contribute to the increased diffusivity tigtounsufficient OL maturation and
myelin maintenance. An elevated level of amyloid protein was also observed with cupniedia¢ed
demyelination in APP/PS1 strain. Magnetic resonance spectroscopy showed a significant increase of
glutamate and glutamina APP/PS1 mice with or without demyelination. This increase may indicate

an excessive activation of glutamate receptors that can result in cell death. Altogether, this study was
able to suggest the vulnerability of myelin integrity and OLs to DNA damagjesizow the potential

acceleration of AD progression driven tigmyelination.
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To investigate the effects of the strongest genetic risk factor of sporadic AD, APOE, on-thtsgk
myelin breakdown, a cross sectional -@gpendent study of the humasizAPOE(hAPOE)knockin

mice was conducted to understand the cellular mechanism underlying common fMRI findings in early
sporadic AD. At 6, 10 and 16 months, transgenic micAfareknockout (KO) and isoforms8 and

were put into a battery of behavraly radiological, and histological evaluations. As APOE acts as a
lipid transporter around the body and a provider of cholesterol for myelination, we expebakpidi
alterations in myelin and OLs. Observational study showed significant increase ht wofeige 10

month hAPOE4 with no such difference in the &d 16monthold and minimal difference in the
spontaneous alternation of working memory usingnaze. Metabolic analysis of the-hibnths for

food intake and physical activity showed no diffeitowever, the respiration quotient denoting basal
metabolic rate suggests lipids as the main source of energy solelyhARKE4 mice compared to
proteins in the WT, KO andAPOE3. No significant changes were found in the diffusivity of 6 months,
yet,in 10 months, the anterior cingulate of HiePOE4 showed insignificant increase of perpendicular
diffusivity. The movement of water perpendicular of the white matter tract suggests compromised
myelin structures that can result in leaky axons. By 16 motiitssdifference has stabilized with each
diffusivity modalitylevelled Nonetheless, the decrease in mature OLs is still prevalenthB@E4

in comparisonSimilarly, to the APP/PSIhAPOE4 showed an increase in glutamate and glutamine
levels compar@ to other cohorts. This comparison may indicate a similar mechanism to acute
demyelination seen in the previous study. Statistics with Pearson correlation coefficient showed altered
correlations specific thAPOE4 in reference to its diffusivity with its cellular pathologies that may
demonstrate a compensatory effect of a reduction in mature OLs attempting to myelinate more than
each cell may be capable of. This event may stress these cells and induce eX@dgsidamage.
Together, this study was able to correlate the genetic risk factors of AD with thehistdiogical

effects, providing a basis for future AD diagnosis.
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1.0 Introduction

1.1  Myelinin the central nervous system

Myelin is a cholesteratich layer that forms around axons of a neuron. Disconnected bundles of myelin
ofupto100layerswrapect i ons of axons while | eaving finaked
discovered by Louig\ntoine Ranvier in 1872between theseundles.As a result of his lipid-based
structurebds i,adianlpdaentials@iuppd o p éhe mdes sf Ranvieallowing for

faster propagationgdhis transductiorof electrical signalss called saltatory conductioaccelerating

axon conduction from 10m/s to up to 15018y Basic motor, sensory, amtgnitivefunctions are all

indirectly regulated by the propagation, and as such, loss of myelin in the central nervous system (CNS)

has been associated with degenerative events such as neuroinflammation in multiple sclerosis (MS),
motor i mpairmenitsease HUHD) hgamhdsogni t idye6,decl in
7N.Cognitive impairments are the first noticeabl e
the patientds daily interactions. I ndeed, accolt
aggregation indicative tem Héwewtthe affeetedduactidnsesgchas i n  t
the sleep cycle and moods regulated by this region are largely unnoticeable as they are pushed off as
regular occurrence). Common cognitive i mpairments seen it
items, poor judgment, anxiety, and repeating questions (NIBR)2 These symptoms areline with

the progression of plaque deposition according to Braak as deposition move from the brainstem to the
hippocampus to the sensory and motor areas of the neo¢8)tekxs such, the temporal order of

Al zhei merds symptoms starts wi sgshollowddlbydperceivablae ges ¢
memory complications and finally to severe impairments of motor and sensory funictitees) there

are regional differences in the amount of myelin present. Due tpidsheavy content, myelin is

presented as\&hite, cream colourgiving regions with dense myelin content the name, white matter

andregions of higher neuron content, grey matter.

1.1.1 Myelin composition
The composition of myelin contributes to its responsibilities in the AN&.dry mass of myelin ba

high proportion of lipids, ranging from 70to 85®e c ause of myelinds high 1|
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s t r u cwaterrcempasitiortan equal taround 40%As a result, watebased imaging techniques

such as magnetic resonance imaging could hel@hisumyelin contenin vivo. Comparatively, its
protein content ranges only from 15 to 30%, much lower than most other biological membranes such
as the mitochondrial membranes (around 75%) and phospholipids (aroundHs®#éyer, it was found

that these teins, while few, are some of the longest living proteins within the body, surviving for 7
to 8 monthsmaking myelin one of the most stable structures in the &dgs thefunctionof myelin

is to attach to axonand wrap around thenthe associated proteins help initiateintain and solidify

this connection.

One such protein is the myelin associated glycoprotein (MA&Glized in the periaxonal zon€kD,

11). Because of its proximity to the inner myelin tongue and axon, it is crucial in the a&gitiakion

steps of myelironto the axor{12, 13) However, MAG knockouts have shown that its absence could

be compensated by other molecul®4, 15) Other proteins such as myelin basic protein (MBP) and
proteolipid protein (PLPare found in betweetompactayers of myelinacing as glugo preserve the
integrity of the multilayered wrappingLower amounts of these two proteins draw a correlation to
increase myelin breakdown in both demyelinating diseases such as multiple sclerosis (MS) and
neuromyelitis optica (NMOJ16, 17) While lower MBP and PLP values may indicate the lowered
myelin levels, increases of these proteins may also point to fragmented myelin accumulations caused
by demyelination seen in increased axonal diffugid) 19, 20)On the surface of the myelin, myelin
oligodendrocyte proteins (MOG) are observed with a role oftexa@mce. The protein is a linking point
between the sheath and oligodendrocyte to continually supply the structure with lipids to prevent its
breakdown(21). These proteins are considered the backbone of myelin composition with much research
using them as markers of myelimsts. Changes in myelin protein levels help further divideetteet

and mechanismofeache sul t, generating a varietgffecof theor.i
Myelin is composed of a variation of lipids not limited to cholesterol. Additionally, there are no lipid
fractions that are exclusive to myelin asides from mitochorgpréific lipid, diphosphatidylglycerol.

The most abundant type of lipid in myelin isr&leroside, also called galactosylceramide, as its

concentration is directly proportional to the amount of myelin prg@&t While this may be true,
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knockout of this lipid does not hinder myelin formation, however, aging animals developed consistent
limb paralysis, indicating the effect of cerebide on myelin maintenance instead of myelinat&3).

Other lipid fractions found in myelin include sulfatides, lecithin, and sphingomyelin. Regionally,
fractions of myelin lipids damot seem differ in their compositions as the tighitted ratios of lipids

are imperative for efficient myelin.

Asides the cerebral spinal flufdled ventricles, there are no regions of the brain that lack myelin.
However, there are regions that aeed myelinated. The hypomyelinated regions are called the grey
matter while the heavily myelinated regions are called the white matter. While their compositions are
distinct, grey and white matter are distributed among all regions of the brain. Greyaoasists of
mostly neuronal cell bodies with axons that are not heavily myelinated. These cell bodies are
responsible for containing the genetic material of the cell, maintaining the electrical potentials of the
neuron, and receiving neurotransmittersrfroeighbouring cells for processing. While demyelination
may not directly affect these cell bodies, deterioration of the myelin may accompany Wallerian

degeneration, or axonal degeneration, resulting in the death of the cell.

1.1.2 Oligodendrocyteghe producers of myelin
To understand the process of demyelination and myelin loss, the meclemdrith axons myelin

must be known. Myelin, specifically in the CNS, is produasi maintainedsolely by the
oligodendrocyte$OL). OLs are grouped into aaup of noAneuronal cellscalledglia Lat i ndo f or
Within this group are alsependymal cellsschwann cells, astrocytes, and microglia. These cells are
responsible fomaintaining cerebrospinal fluid homeostagsigglinating the peripheral nervosgstem
(PNS), maintaining biochemical control over the cerebral environment, and responding to
immunological factors, respectivelgven though these cells do not contribute directly to the production
of myelin, they provide components to support Qlghas lipids andclearance of extracellular

moleculego sustain healthy myelinatiofihus, one OL can myelinate as many as 20 to 60 g2dis
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Before OLs can myelinate surrounding axons, they must differentiate and madR@soriginatefrom

the subventricular zone and ventricular zone of the medial gangkomilcence(25, 26, 27) Early
formations of OPCs come from the medial ganglionic eminence while later OPCs come from the
ventricular and subventricular zong8, 29, 30) While the cell is destined to become a glial cell,
different expression ratios of proteins can promote differentiation into either OLs or ast(8ty&2)
OPCsdistinctly express NGproteoglycanand plateled e r i ved gr owt h dntheit or U
cell surfaces. Migration of the OPCs towards the cortex initiates the differentiatigmenmtyelinating

OLs through expressions @lig2, SOX10, and Nkx2.233, 34, 35) OPCsare responsible for
repopulating regions of the CNS that have depleted OLs and astrocytes. Its divergent differentiation
pathways have been proposed to be due to the changing microenvironments as OPCs transplanted into
P7 mouse telencephalon differentthtétnto MBRexpressing OLsyet in 6 month old cortex
differentiated into GFARXpressing astrocyte@@6). Further information on OPC migration and
development can be on p.31. Regarding aging, OPC populations have been shown to decline with age
with less OPC recruitment to Ghacking regions and slower rate of differentiat{@7). Whether this

is due to extrinsic factors such as demyelination or clgimgmicroenvironment or intrinsic factors

such as DNA damage or gene expression is still being studied. However, one study has shown that OPC
crosstransplant of aged (10 months) with young (2 months) rats retain their age characteristics with
slower differentiation of the aged OPC compared to the young @B lInterestingly, introduction of

c-Myc, a geneaegulating protein, has impacted OPC proliferation and differentiation. Increased
expression of Myc is associated with an increase in OPC feddition (39, 40)while suppression
decreases proliferation but increases differentigidi@) 41) This shows that extrinsic factors such as
myelin changes may not directly affect OPC developni@mbughout their lifetime, OLs will mature

into myelinating OLs through the expressions of rinyeéguldory factor (MyRF) and previously
mentioned myelin proteins. Once OLs have entered thisrmpibstic stage, they will extend their

processes towards axons and begin myelination.

Lipids used for myelination are produced from OLs and astrocytes. Whileh&®lesthe capacity to

produce lipids, the main source comes from astrocytes. Studies have shown that deletion of sterol
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regulatory elemenrbinding protein (SREBP), a necessary catalyst of neural lipid biosynthesis, within

OLs did not affect myelination, yeteletion of the same protein in astrocytes caused a consistent
hypomyelination42, 43) Transfer of these lipids from astrocytes to oligodendrocytes is monitored by
apolipoprotein U (APOE), a | i p o pgcriptior factors,givero d u c e d
and retinoid x receptors, found in astrocy#e$). Recently, research was done orisnform of APOE,

APOEA4, that shows decreased localization of cholesterol along axons and increased accumulations of
intracellular lipids(45). This suggests that myelin lipids are dependent on the APOE carrier and that an

isoform difference may hinder proper myelination.

1.1.3 Process of myelination
Myelinogenesis involves meticulous interacitetween an OL and the axdtesearch has shown that

OLsselect axonfor myelination based on sizdth unknown biochemical cue@l6, 47, 48)In culture,

axons with diameters of less than 400nm were seldom myelinated, but diameters above 200nm were
the minimum length for proper myelinati¢#9, 50) Neuronal electrical activity has been proposed as

it had been shown that optic nerves of mice living in the,dwtkirdly blind, or having blocked sodium

dependent action potentiase hypomyelinated

Sensory impairments such as hearing and sight have been implicated as risks for both dementia and AD
with patients with visual impairment and sight 1¢5%, 52, 53) However, there are conttag) views

on the risk of Al zhei merés due to visual i mpai r
associated with optic atrophy that could be caused by underlying mitochondrial dysfunction, a common

t heory of Al z h e®4nikdditbsallypvisualiossgraynbe somglemented by deficient

social interaction, which has Db(B55) shown to incr

Poor myelination of the optic nerve is associated with poor v{§ibyas seen in Beauvieux syndrome,
a disease due to delayed myelination of the optic n@&®&}g and Wolfram syndrome, an autosomal
recessive disorder associated with juvenile optic nerve atrophy and neurodegenéhéiile

hypomyelination of the optic nerves negatively impacts vision, extensive myelination of the
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surrounding retinal nerve fibers is associated with myopia and strabismus due to the physical hindrance
of the thickened fibers from enwrapped my€®). According to studies, poor vision €® increase

the risk of dementig51, 60) but whether this is due to influence from the nervous system or social
interaction has not been studi&shvironmental light intensities can also affect myelination similarly to
activity-dependent myimation of the CNS61). Artificial opening of rabbit eyes at the fifth postnatal
daywasshown to accelerate myelination with significant increa$esyelin basic protein, proteolipid
protein, and cerebrosides as compared to cof@&)l However, rats darkeared rats of up to 30 days

old have shown no differences in myelination ofiopierve fibers in comparison to normal-A@ur

darklight cycle(63).

While the effects of hypomyelination have not shown to directly affect the circadian rhythm,
knockdown ofBmall, a gene regulating the circadian rhythmthivi postnatal 30 days showed
significant reductions in OPC populations in the corpus callosum, which resulted in downstream
reductions in CC1+ mature OLs and myelin basic protein expression, resulting in sleep deféation
Due to this relationship, this may dam the higher prevalence of multiple sclerosis in night shift

workers(64).

Once engaged to the axon, the cytoplagmnacessof the OL extends onto the axon where MAG is
expressedFigure ). The OL extension flattens into a layer, and the myelin twists around the axon in

a corkscrew motiori65). The innermost layers become the shortest lateral layer as the myelin wraps
around the axon, increasing its thickness and elongdtimdnile producing an uneven spread of
myelination(66, 67) Nawaz et a(68) had shown that the moving edge of the myelin isadinesive

to the axon and that the actin filament@®rdinated with this moving edge and not with the rest of the
myelin membrane. Continuous assembly and disassembly of these filaments aid in the movement of the
myelin tongue, elongating it. MBP arRLP, representing 30 to 40% of all myelin proteissthen

released between layers to act as both an adhesive and tightener to preserve the integrity of the myelin

(69, 70, 71)Once establized, each single sheath can be maintained for around seven to eight months.
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The upkeep of myelin is cruciad a healthy braims its fibre density is regional. Within the brdhmere

are numerous myehaxon bundle&nown as the white matter traotprovide long distance connections
Bundles of dense myelinated axons within deep cortical regions such as gwpus callosum and
anterior commissure connect the hemispheres, allowing the brain to communicate with itself.
Furthermore, neuron rich grey matter also exemplifiestbi®asednyelin densityin the inner layers

of the cerebratortex.This segregation of myelin densities may be due to the importance of the region

in survival. Interestingly, the order in whickgions become myelinated in the brain goes from central

to peripheral, caudal to rostral, dorsal to ventral, and sensory to (@@joOne of the first regions of
myelination happens within the first days of life at the dorsal brainséeragion responsible for
involuntary functions such as cardiovascular and respiratory control. Within a year, this is followed by
regions of the white matter tract such as the splenium and regions adjacent to it such as the corona
radiata. Finallyby 24 nonths, the anterior temporal and frontal cortex are myeliff@®din reference

to the central and peripheral btbrain, many deeper regions of the grey matter are myelinated by the
first 8 months while the subcortical regions by 16 mo(fd4 Thi s suggests the boc
myelinating the vitategionsfirst while putting cognitive abilities las€onversely, the first regions of

myelin loss are these last to myelinate regibfts 76, 77) As a result, neurodegenerative diseases

usually affect cognitive abilities such m&mory ad personalities.
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MOG
MBP/PLP1

Oligodendrocytes

Figure 1: Myelination is initiated by the reach of cytoplasmic membrane of neighb
oligodendrocytes. Once attached to the axon, oligodendrocytes secrete varying proteins to m.
myelin sheath. Within the innermost sheath, MAG is expressed for attachment to the axon. |
PLP are expressed in between layers to keep the sheath compact, and MOG is expressed in 1
to maintain a connection to the oligodendrocytes to naatily supply lipids to the sheath.
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114 Myelnbs effect on cerebral health
The contribution of myelin pathology toeurodegenerative diseasesmerging with many ofthe

diseaseshowing detectablmyelin loss.MS is the mosprevalentdemyelinating disease, with white

matter lesions in both CNS and PNZatientsof the disease exhibit many common neuropathic
symptoms such as depression, anxiety, and cognitive impairivEietiology is relatively unknown,

but many researchepoposethat it is a result of a combination of genetic and environmental factors.
This disease targets OLs in an undefined process. Reports have shown the reduction of OPCs tagged
with BCAN and SOX6 in white matter lesions and normalegpimg white mattef78, 79, 80, 81, 82)

As a result, the insufficiency of OLs to maintain+esesting myelin structures cause demyelination in
affectedareaBecause of the bodyébés ability to remyelin:e
periodic acute fat tsympomdefotela pdriodofaacaverDtherctypgsmfr ar vy
demyelinating diseases inclut#MO, demyelinatiorbased inflammatiof the optic nerve causing

visual impairments and loss of colour vision, and inflammatory demyelinating diseases, a wide range
of diseases stemming from MSonsequentlythedemyelination of regional nervéas been suggested

to inhibit theirregionalfunctions The vulnerability of the frontal cortex responsible for higher thinking

in addition to demyelinating effects indicate cognitive impairment of neurodegenerative disorders may

be caused by its prioritized degenerai(88).

DespitemyelinandOLO sdisputable relation, the&ffecton the surrounding environment is crucial

in sustaining a healthy braiAstrocyte is one of the major cells that plays a central role in myelin
upkeep. As stated previously, astrocytes provide lipids to OLs for myelination, but astrocytes also
promote OL differentiation and myelinatioAstrocytic ®cretions of leukaemia inhtbry factorlike

protein (LIF), neuregulinl , -secretase, and neurotropt@nfrom astrocytes have been shown to
promote OL differentiatio84, 85, 86, 87)One of which has been postulated to promote AD pathology.
Asides from biochemicagffects myelin plasticity due to krease of activigdependent electrical
impulses of axons have also been shown to promote myelination through LIF produced from astrocytes
(88, 89) In addition, astrocytes activate in the presence of myelnigleDuring myelin loss, myelin

fragments broken down from sheaths are taken up by astrocytes and induce an immune response.
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Additional microglia and activatedstrocytes are recruited to the site to remove the fragments, and an
upregulatiorof NFe B and ot her i nflammatory <ositive&clivateds wer e
astrocyteg90). Additionally, myelin fragment removal is mediated by macrophages and microglia of

the brain immune system. After Walleriaegeneration, myelin fragments are opsonized before
undergoing phagocytosi€Ql, 92, 93) Complement proteins bind onto myelin fragments onto
complement receptor 3 for microglia and macrophage recognition. Another type of macrophage
phagocytosis mechanism is through the macrophage receptor with a collagenous structure (MARCO).
Cysteinerich domains allow them to bind to myelin lipids more effectively which enhance myelin
removal. This theory is supported by previous studies should the upregulation of MARCO response in
the inflammatory stimuli of the white matter tract myelin debris in thea$piord(94, 95) The blood

brain barrier (BBB) is also a target of variating myelin status. Cognitive impairments diseujated
brainvasculature encompasses common neurodegenerative events such as ischaemic and haemorrhagic
strokes. The proximity of the myelirOL connection and BBB indicates alterations of one structure
couldaffectthe other. Degradation of myelin, resulting in the release of proteins such as MBP and PLP,
have been implicated in increased BBB permeability in MS progreo87, 98) Thus, while white

matter events are localized, theffectsmay be more widespread pass the site of lesion.

1.1.5 Models of demyelination
To study the effects of myelin losgsearchers induce demyelination throsglhieralmethods. One

approachs through the treatment of cuprizone. Gapne is a copper chelattrat demyelinates the
brain by targeting OL apoptogi89, 100) While its mechanism is unknown, treatment with cuprizone
has shown tte deleterioudo OLs in addition tdoe demyelinatng in the corpus callosurfl01, 102,

103). Unlike demyelinatingoxins such as lysolecithin and ethidium bromide that activate an immune
responsedemyelination by cuprizone is a nanmune respons€99). However, the effects of
cuprizone are not continuouwsith treatment.Acute demyelination is seen within four weeks of
cuprizone treatmeriibllowed by intrinsic remyelin@on. It was proposed that chelation of copper leads

to ferroptosismediated oligodendrocyte reduction as early as 2 week. During the first two days of

cuprizone treatment, there was significant reduction of ferritin and increase in ferroptosis markers such

24



as NCOA4 and TfR1, preceding oligodendrocyte loss. By 1 week, there was a significant
oligodendrocyte loss of 65%. However, treatment with-Fean inhibitor of ferroptosis, prevented

significant oligodendrocyte loss in the first 2 weeks.

We used 0.2% cujmone due to the high toxicity and early deaths of@M536 and insignificant
demyelination of 0.1% cuprizone treatmé€h®4). However, another study had shown similar degrees
of demyelination using 0.1% and 0.Z2%05). Furthermore, numerous studies have used 0.2% ongriz

to induce demyelination due to the greater demyelination without inducing apparent healt@S;isks
106, 107) Thus, we have chosen 0.2% cuprizone. Asidas foligodendrocytes, cuprizone has been
shown to affect astrocytic and microglial activation. Astrogliosis stained by GFAP &Wwas found

in cuprizone treated mice at three weeks of treatment. Additionally, a significant increaselof Iba

microglia pgulations was found in the cuprizone mod«13).

Since the demyelinating effects of cuprizone is not instant, mice were given four weeks of 0.2%
cuprizone treatment before further processihf2, 108) Peak émyelination and oligodendrocyte
reduction happens between four to five weeks of 0.2% cuprizone treatment. The expression of myelin
proteins such as PLP, MOG, MBP, and CNPase and oligodendrocyte numbers all show lowest levels
between four and five weeks 0f2% cuprizone with steady decrease from indugti®2, 103, 109)

Chronic cuprizone treatmepast five weeks has shown intrinsic remyelination at six and twelve weeks
(107) Thus, we performed radiological imaging immediately after thevimek treatment to ensure

minimal remyelination.

1.2 Al z h e idisease 0 s
In 1906, Dr. Alois Alzheimer noticed severe cognitive impairments in Auguste Detetyeafsbld

patient from the Frankfurt asylum. Deter exhibited chronic symptoms of dementia, delusions, and
insomnia, common symptoms in neurodegenerative diseréhese symptomsere seldom seeiat
this early ag€110). She died shortly after at the age of 55, and her brain was extracted and transported

to Dr. Alzheimer for analysisising theBielschowsky stainDr. Alzheimerobserved remarkabléark
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aggregationsesembling plaquesf unknown origins Four years lateAlzheimer admitted a second

patient, Johann F., who showed similar symptoms as [Etd) At 56 years old, Johann could not

answer questions properly, had frequent epileptic episodeshamedincontinerxce One year later,

he passed away, and his brain dissectiorwsdothe same cerebral plaques as Ddeth patients

showed early symptoms and clagsithologicak i gns of Al zhei merés di sease

today.However, this was only the diagnosis for one type of AD.

For the next 100 years, AIB widely regarded as an agelated disordewith symptoms ofgradual

memory loss, delusion, and depression. Making @@ of all dementia cases (World Health
Organization, 2020), AD is a complex disease with no known aetiology, and yet, its hallmark, amyloid

b plague, continues to be a persistent root of this neurodegenerative disorder. I8idB8&, John

Hardy coined this theory as theyloid cascadehypothesis, a causand-effect speculation relating the
amyloid-beta protein depositiorto AD diagnosis. Hegroposedthat these plaques induce neuronal
apoptosis, which led to a slow deterioration in cognifici®?). This soon became the central dogma for

AD researctwith therapy andliagnosis focusing on this misfolded protditowever, it was recently

shown that these treatments did not rid nor cure the neurological symptoms nor the gradual
neurodegeneratiofiL13). Historically, there have beeseveralantramyloid drugs aimed at treating

Al zhei mer 6s. Gantenerumab i s a -tarmima)and moidiegibn ant i b
epitope of the folded amyloid mo n o mer , r e c rr phagodytosiglld) Whie itwas e |l | s f
shown with PET that there were indeed significant reductions in cerebral amyloid, during phase 3, the

drug failed to generate statistical significance in Clinical Dementia R&ting of Boxesompared to

the placebo group. Similarly, other monoclonal antibodies used for amyloid clearance by binding onto
amyloidb t o i nduce phagocy t(ldxandsolanezanelilsd)havedbaen eithee u z u ma |
insignificant in phase 3 or did not show s$ci#nt cognitive improvements. However, recently, a new
amyloid-binding drug called aducanumab that targets both soluble and insoluble almyloddg gr egat e s
in contrast to monomers has shown improvements in two of its trials, ENGAGE and EMERGE, which

have fiown 22% decreased rate of cognitive declience, a new hypothesis is imperative as the aging

population grows.
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Aging is the greatest risk factor for AD, bAID can be separated into two tygessed on its pathology
familial AD (fAD) andsporadic AD(SAD). fAD is a genetic disease leading to AD signs and symptoms
from as early as 60 years olMutations of the amyloid precursor protein (APP), presedil{PS1), or
presenilin2 (PS2) directly cause the builgh of insoluble amyloid fragmés) resulting in aggregations

of plaques that damage neuroRsevalence of this form of AD, however, only encompasses 5% of all
AD. The other 95% is from sSAD, a disease with no concrete ¢auseth similar amyloid depositions
(117) Unfortunately, many efforts towards AD research has been put forth based on fAD findings even
though it represents the minority of caddsiltiple hypotheses have stemmed trying to target specific
symptoms such as tieduction of the neurotransmitter acetylcholine and the hyperphosphorylation of
the tau proteinAll of which target specific pathological pathways of AD, but hone have shown to be
consistennor distinctin all AD patients Consistently, thoughemales do show a significantly higher
chance of developing AD with 1 in 5 females developing the dis¢agge &5, and almost twthirds

of all Ameri can AD cases are .females (Al zhei mer @

1.2.1 Amyloid precursor protein, theapt hol ogi c al hall mark of Al zh
As stated previously, one of the accepted causes of AD is through amylositidepdn fAD,

mutation of APP causing overproduction of this protein or PS1/PS2 causing proddieion

insoluble APP fragmerig the cause of neurodegenerative eveltiis processing of APP,

specifically the APP659 isoform, within the brain followstdivergent paths: neamyloidogenic

and amyloidogeni¢Figure 2) The noramyloidogenic process involves an initial cleavage of the

proteinat Lys16 and Leulld y  t-skoeetagécontrolled by a disintegrin and metalloproteinase
domaincontaining proteifl0 (ADAM10),f ol | owed by a s e-seoretate,c| eavage
resultinginas ol ub |l €t APRMUnN al (OTF@)gnd theamyldid intracellular domain

(AICD) (118). While its function is still unknown, CFB | e v ld besised as an early detection

for AD as its increase i nanyladagedcpathvByPl8)s pr ef er enc
Additional fragments of P3 peptideaAtCDar e al so produced f-rom a seco
secretase. Neither product has shown to have significant effects on AD progtdesierer, in the

amyl oi dogenic process, t bsecretasacontrdlled by the betsievVABRy e i s n
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cleaving enzyme 1 (BACEl) atAsplandGlyll cr eat i ng the APPDb section
49residues with 40 (Ab40) and 42 (AbB42) .lahasbeehe mo st
shown that c¢ommeatdsetbhétasencanteve theeckeavagélof APP as the 81%
decreasseecrient alse in fAD patient s-sacretasé€l2O) Moreed wi t h
than 50 mutationef APP such as mutations K670N with M671L and E693G, which accelerate

protofibril formation, may initiate and increase the likelihood of the harmful vafl&it 122) The

J-secretase then makes its original cuttoterlze Gt e r mi n a |l (CTF@R@INdMCODL b

APP and its cleaving enzymes, PS1 and PS2, are the strongest genetic risk factors for fAD; an early
onset version of AD. It is known that their overexpression and mutations could promote APP processing
towards the pathological amyloidogenic pathway. As&Re gene is located on chromosome 21, 30%

of people with Downébés syndrome i n (28pTheAPB0s hayv
exists as a membrarspanning protein in both different isoforms and fragments to carry out specific
functions ranging from platelet aggregation to neuratltigifs Among its isoforms, APP695, 751, and

770 (numbered from theumberof amino acids present) are the most common with inclusion of two
other proteins from the APP family, amyldide protein 1 and 2 (APLP1 and APLP@igure 3)

Shared domains amordPP isoforms include the Kunitz protease inhibitor (KPI) and OX2 homology
sequence, each suggested to affect the pathology of AD-KERPPNRNA has been shown to be
relatively preserved in comparison to APP695 mRNA, which lacks the KPI domain, in AX124in

125, 126) Its function is unknown, yet correlation studiesénaeen an increased expression of KPI in
focal ischemia, inhibition of serine within the cerebral coagulation cascade, and amyloid deposition in
the AD brain(127, 128, 129)Additionally, KPI has been implicated to bind to lo@nsity lipoprotein
receptofrelated proteins (LRP), a known rikctor of AD, which decreases in AD patie(it80, 131,

132). Theeffectsof lipids on AD progression may point to an amyloidependent pathway, which

will be addressed lateHowever,0X2 has a more unknown role as its presence does not seem to
indicate a function, but its likeliness to Fiyaneuronal marker used by some to drive APP expression,
suggests a neural correlatigh33). However, APP695, lacking both KPI and OX2, is the most

prominent isoform that makes up the core of amyloid plaques as it is highly expressed within neurons
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(134,135) Despite residing within the same family as:t

domain, and, therefore, has not been shovaifextthe aggregations.

The role of APP is ubiquit@throughout the body with different ragiof its isoforms in different tissue
types(126, 136) Interestingly, compensatory effectsthe body were capable of supporting mice with

APP knocked out, possibly due to homologous sequences with APLP1 and AR However,

double or triple knockouts of these genes were fatal at (1ig®, 139, 140)Cellularly, APP localizes

in the different membrane structures of the cell such as the plasma membrane and endoplasmic
reticulum with some appearing in the peghaptic regions of axons and dendri{éd1, 142) After

protein synthesis, APP is subjected taaNd Oglycosylation and potential tyrosine sulfation along the
secretoy pathway of the Golgi and becomes abundant in intracellular membrane compatimants

144). Processing of the APP results in its transport from vesicles to the active zones of synapses where
it is eit hsecretasel favauring the rampyloidogenic pathway, or reabsorbed back into

the endosome. However, retention of APP within thdoenme promotes the amyloidogenic pathway.
Moreover, as secretases also proceed with the secretory pathway and contained within individual
v e s i cde@eiase afe spatially separated from the APP, limiting their intera¢fidby The
convergence of these vesicles is known to be triggered via a cldépéndent neuronal respor($46,

147).

Amyloid-beta is an extracellar fragment created by the cleavage of the amyloid precursor protein by

the betaand gammasecretase. Oligomerization of amyldidta creates amyloid fibrils and plaques
associated with synaptic loss. Extracellular amylmith oligomers block lontgrmpotentiation(148),
dysregulatecalcium ion movements of axori$49, 150) ard regulate glutamate relea€ib1l, 152)
Grading of Al zhei mer 6s dstaging,aasmaltiecehsystein gradohgpthee wi t F
progression of neurofibrillary tangles in the A
tangles is comparably different with the beginning of plaque deposition. Previous research has shown

that plague deosition may begin in the temporobasal and frontomedial areas of the cortex, before

progressing towards the medial temporal lobe, and finally into the str{a&8n154)
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Figure 3: Within the APRamily, APLP2763, APP770, APP751, APP695, and APLP650 are th
common isoforms of APP. KPI domains are only present in APLP2763, APP770, and APP7
OX2 is only present in APLP2763 and APP71
the cell transmembrane (TM), only exists within APP. Adapted from Nalivaeva, N.N. and Turr
2013.
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1.2.2 Impact of amyloid plaques
Interestingly, there are many paths in which amyloid plaques take to result in neurodegeneration.

Whet her intracellular or extracellular Ab accuml
debate, but it is agreed that differences in accumukatinay be of importance when analysing the
mechanism in which each procgéé5, 156,157) Umeda et al showed that Ab
neuronal endoplasmic reticulum, endosomes, and mitochondria had catrsggilafion of Grp78, a

chaperone protein responsible for correcting misfolded proteins, leakagattedpsin D, and
cytochrome c release, respectively, induce neuronal dé&s 159) Intraneuronal (in soma and
neuritespuildu p of Ab in both AD patients and five f AD
a consistent elevated level of cyetiependent kinase 5 (P25), a protein responsible for the extension

of dendrites and synapse, in the roles of apoptosis aathémse corresponds with significant decreases

in pyramidal neuron numbe($60, 161,162).

To understand and to simplify AD progression, Professor Heiko Braak characterized AD into different
pathological stages by the metastatic nature of neurofibrillary tangles (NFT), or accumulations of the
tau protein, among brain regio(i63, 164) Stages | and Il localizes NFT lesions to the lateral {rans
entorhinal and entorhinal cortex with amyloid plaques appearing within the CA1 of the hippocampus.
These regions are responsibletfte perception of position and directions, which explains what patients
consider as simple forgetfuless when trying to reach from place to(ie%e Stages Ill and IV sees
lesions spreading into the neocortex with plagues becoming a prominent feature. Within the final stages
V and VI, NFT and plaques dominate the cortex, even occupying the octhpiahnd producing
hallucinations. Unfortunately, these kinds of cellular modifications can only be verified -shpdetn

stage. Thus, family medical history may show geneticfaskors that may specifically target changes

or mutations within these gens.

Genetic risk factors such as lipid carrier apolipoprotein (APOE) and secretase proteins such as
ADAM10 and BACEL caraffect cognitive impairments leading to AlPreexisting conditions and

environmental factors are also stratandidates for increasing the risks of Aiabetes, one of the
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most common diseases affecting more than 400 million people worldwide, has been linked to AD onset

with patients with Type 1 diabetes being 93% more likely to develop dementia (alZloeggis a

strong correlation between high blood sugar and AD with patients having Type 2 diabetes exhibiting
sever e i nobydsrapting s clearanddd®) Down syndrome is also a risk factor as the APP

gene is |l ocated on chromosome 21, and overexpres
Additionally, conditions and disorders oktlardiovascular system can promote AD. Discussed within

myelin, the connection between vasculature and neural structures is closely related with the
degeneration of one leading to damages of the other. As a result, conditions such as obesity, high blood
pressure, and high cholesterol can increase the risk of AD, and disorders such as atherosclerosis and
strokes can evdrigger cognitive declindenvironmental factors such as an increase of nitrogen dioxide

intake, silicon amounts, and vitamin D deficiencies have all strongly correlated witbreasedisk

for AD (167). Altogether, nummus factors can affect AD progression in both the young and the old,
with no distinct factors that directly cause AD.
of the worldds most enigmatic di sealstieswilonren whe.

day be diagnosed for it.

123 Di agnosis of Al zhei mer 6s
Diagnosis for AD is difficult with much of the diagnostics being confirmed only afteafifcting

symptoms appeafsenetic analysigor fAD could be done for screening for genetically predisposed
mutations such as APP, PS1, &R.Familial AD is a genetic disease with mutations of the amyloid
precursor, presenilitt, or presenilir?2 genes causing early amyloid plaque buitd which leadsa

Al zhei mer 6s. Early symptoms at an age between 3
confusion and difficulties in completing familiar tasks may prompt the patient to receiving screening

for mutations of these three proteins. Since these tm&eins and their mutations are known to

predi spose the patient to Al zhei mer 6s, they <can
di agnosed in this manner as there is no direct |
tests sich as minimental state examination (MMSE) are done at an older age followed by amyloid

based PET scans to confirm of sABPlowever, sAD is more difficult to dgnose for as prodromal
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symptoms are variable and its pathogenesis is still unkn@Genetic rsk factors such as APOE4 and

ADAM10 could be filtered for Me mory tests such as the MMSE a
Assessment Scalgognitive (ADASCog) have become common tools for memory diagri@6is 169,

170, 171) Neuroimaging using a combination of positron emission topography (PET) and Pittsburgh
compound B (PiB) enable the characterization of amyloid plaques in vivo. AlthougRiBEEreening

has been the staple for AD diagnosis since inception, its sensisvatyliagnostic test remains doubtful

as not all patients with amyloid aggregations develops AD. Because of such difficulties in assessing for

AD, the number of treatmentssbecome just as few and just as vague. Most treatments have aimed at

the removal of amyloid plaguesTreatments from Merck & Co, AstraZeneca, and Eli Lilly and
Company (verubecestat and lanabecestat) targeting the inhibition of BACE1 have been postulated to
promoteAPP cleavage towards the namyloidogenic pathway. However, both treants have been

cancelled posphase Il due to ineffectiveness and liver toxicity, respectively. In 2022, a drug named
aducanumab from Biogen and Eisai was approved for publidtaseechanism involved the binding

of an amyloid antibody at amino acig@l$o 7, inhibiting its aggregation capabilitids’2). Nonetheless,

these drugare notacureLi f estyl e therapies such as Dr. Dal e
limited success at treating cognitive symptoms through replenishingemtstrilowering excess

inflammation factors, and keeping activelifestyle (173).

The lack of neither a cause nor treatment warrants a thorough investigation into theseBfactnise
of symptoms of cognitive impairments and amylmidependent neurodegeneration, it is hypothesized

that myelin loss resulting in neuronal loss may be factors in AD progression.

1.3 Apol i p o, phe stioregéstgenbtic risk factor &poradicAl z hei mer 8's
Apolipoproteins are a class of proteins responsible for binding to lipids and facilitating lipoprotein

uptake and clearance. One type of apolipoproteipis& i p o p r o t,alipid tratspoftex Ranky )
produced in the liver and in astraey(174). Activation through dimerization ofdnscription factors,
liver and retinoid x receptors, initiates APOE productdi®P OE6s r ol e in the body i

transporter whether systemically in the blood stream or between astrocytes arPOIES mainly
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binds toverylow-densitylipids (VLDL ) andlow density lipids (DL ). As APOE has been shown to be
unable to cross thBBB, it is inferred that the liver produces the systemic APOE while the astrocytes
produce brain APOEL75) Because of its role as a lipid transporter, APOE is known to affect many

vascular diseases, which will Hescribed later.

1.3.1 APOE isoforms and structure
In humans, thiAPOE exists in three isoforms caused by two single nucleotide polymorphisms that

change the amino acid content in positions 112 andABGE2, APOE3, and APOEAPOE2 consists
ofcyst¢e nes in both positions, and this isoformbds
Comparatively, APOE2 is considered a neuroprotective version oAR@E gene.Studies have
associated the presence of AP Ofdmewnedtahnd AD brains c e d
(176, 177, 178)In addition, APOE2 has been shown to protect cognition in individuals over 90 years
old and patients who already exhibit AD patholddy9, 180, 181)This isoform has even been
associated with longevii§l82, 183, 184)However, APOE2 has also been associated with an increased
risk for cerebral amyloid angiopathy, pd@stumatic stress disorder, and macular degeneréiigh,

186, 187) The mechanisnof this rare allele is still unknowAPOE3 is considered the neutral allele

and consists of a cysteine and arginine in residue 112 ahdeldpectivelyUnlike APOE2, APOE3

makes up the majority of the human population, accounting for 77.90% of APOE geridtghird
isoform, APOEA4, is thetrongestgenetic risk factor for sADBoth residue positions become arginine,

and this isoform coprises of 13.0% of the populationinterestingly, APOE4 is the ancestral isoform

of APOE, with the other isoforms having mutated to its current $tates been shown that the presence

of APOE4 increases the amyloid burden, exacerbating AD path@&8y 189) In addition, APOE4

also increases the risk of atheroscler¢s80) The overtake of APOE3 prevalence is most likely due

to its nonmalign characteristic compared to APOE2 and APOE4 as APOE3haredisposed risk
factors.In reference to AD, pairings of these alleles produce different risks. Homozygous APOE2
reduces the risk of AD by 40% while homozygous APOE4 increases the risk to more than 14.9 times.
Interestingly, having only one APOE4 alleléh either APOE2 or APOE3 increases the risk of AD by

2.6 and 3.2 times, respectiveWyhile the direct mechanisms are unknown, it is most likely due to lipid
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met abolism as APOEOGs APOE ae lipoproteins responkiblegor thensporta ns p o r
of VLDL and LDL systemically around the body. In the braie hypothesized hetbat it transports

lipids from astrocytes to oligodendrocytes for myelin production. While the mechanism of lipid
transport has not been directly tested, the effects of altering APOE and lipid levels have affected myelin
protein expressions. In additiothe effect of each isoform of APOE has also been tested. Through
employing lovastatin, a cholesterol synthesis inhibitor, émioe” oligodendrocyte culture, the myelin

basic protein expression was reduced compared to the rescue with lipidated recon#@iB3 and
hAPOE4 (191) This experiment shows the importance of APOE in providing lipids for myelin
production. Biochemically, It contains two domains: the;Xétminal (or Nterminal) from residue-1

165 and the COO#krminal (or Gterminal) from residue 22899. While the Nterminal does not
participate in lipid binding nor aggregations, the residue difference between APOE3 and APOE4
introduces a salt bridge between arginine 112 and glutamate 109, displacing the arginine 61 side chain

and increasing the APOE4gserence towards VLDLEL92).

As a result of itgsoformdependent effectrovarious pathologies, the physical structure of the protein

is of interestAPOE is a 34kDa, 299 amino acid protein that is encoded on chromosotheatains

two domains: the NEHterminal (or Nterminal) from residue-165 am the COOHterminal (or G

terminal) from residue 22399. While the Nterminal does noparticipate in lipid binding nor
aggregations, theesiduedifference between APOE3 and APOE4 introduces a salt bridge between
arginine 112 and glutamate 109, displgcithe arginine 61 side chain aimtreasingthe APOE4

preference towards VLDE(192) In contrast, the @erminal is responsible for adhesion and binding to

l i pids. At concentrations wunder 10 €M and in th
and larger aggregates at higher concentratid®3, 194) Unexpectedly, in the presence of
phospholipids, APOE dissociates into monomers when bound onto lipoproteins, suggesting the

monomeric form as the active form of APOE.
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132 APOEG6s relevance to Al zhei mer6s
Even though APOE is systemic, its relevance in pathalegjgeswvithin the brain. Asa lipid transporter

produced in astrocytes, APOEG6s mai nHoweoelr,kwas s t o p
proposed that the level of myelination is inwdysproportional to the levels of APOE. A comparison

of grey and white matter cholesterol and APOE levels found that although the cholesterol levels of
white matter were higher than grey matter, APOE levels were higher in grey matter than white matter
(195) This suggesteegionaleffects of regional APOIhat is independent from levels of cholesterol.

As the strongest genetitsk factor for sAD, APOE4 has been associated withhallmark, amyloid

plagues. A previous study had shown using@esliated induced APOE4 expression in APP/PS1 mice,

mi ce model for amyloid deposition, 2durigthsefirsgni f i c a
9 months of the mice compared to APOEB9). Addi ti onal |l vy, the Ab bur deé
increased in APOE4 carried96, 197, 198)Moreover, hyperphosphorylated taeurdibrillary

tangles, a biomarker of many neurodegenerative disease, were found more in APOE4 carriers and
greater in APOE4 homozygotéEd7, 199, 200)Another prealentdetection in AD patients carrying

APOE4is white matter hyperintensities (WMH), intense white signals in the periventricular regions
detected throughmagnetic resonance imaging (MRI2-weighted fluid attenuated inversion recovery

(FLAIR). White sigrals indicate the presence of water, suggesting WMHs as watetpuildbwever,

it is unclear whether the pooling is due to compromised vascular integrity Al eaki ngo axon
myelin loss as both events produce intense white sigbatders of the ROE4 allele have been shown

to have a higher risk of WMKR201).

1.3.3 Oligodendrocytes utilises APOE for myelination
OLs arethe main receivers dipidated APOE for myelinationThey are vulnerable and sensitive to

their environmentaffectedby microglia activation and myelin debris. Thus, the relationship between
OL and nyelin is tightly connected with each affecting each other. One of the main resources for OLs
are lipids, which are necessary for myelination. BIBB prevents most molecules from transferring
between blood vessels and the brain including lipids, and timera lipid components for myelin must

be synthesized within the brain, namely astrocytes. Even during early development while the BBB is
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still not completely formed, the brain has already taken up the responsibility in being the main producer
or brain Ipids (42, 202) Because of this limitation and theportance of lipids, changes in lipid levels

stronglyaffectOL survival.

It has been shown that mutations in Niem&@ick disease type C protein, which is responsible for
moving cholesterol out of an enticsosomal system, that prevent successful utibeatof cholesterol

reduce the number of mOLR03, 204, 205) This shows that there is an inhibitoeffect on OL
maturation from the inability to process cholesterol. Additionally, we have previously shown in both
homozygous APOE4 humans and mice that while the overall OL population (including OPCs and
mOLSs) is not significantly affected, mOLs spedifly show a decrease in both grey and WM. However,

the lack of APOE does not eliminate the whole myelination process as APOE and squalene synthase
knockouts have shown consistent myelination indicating a compensatory effect. One study from
Lombardi et alsuggests that activated microglia have the potential to horizontally transfer lipids to OLs
(206). Even neurons have the ability to dyasize cholesterol, but its use has not been verified to affect

myelination(207).

Effects from other steroids may alaffect OLs survival ad differentiation. Oxysterol, a precursor of
cholesterol, has been shown to negatively regulate myelin genes within the peripheral nervous system,
yet it has also been shown to promote myelin genes within thgZI8S209) Liver X receptor (LXR)

U and b are oxysterols that have been shown to
depending on the nervous system, it is possible that there is a separate factor controlling myelination.
The dinerization of LXR activates APOE production, and thereby, initiates lipid transport from
astrocytes to OLs and promotes myelination. Meanwhile, an accumulation of monomer LXR inhibits
myelination through OL toxicity from peroxisome production and disruptadgium and potassium
homeostasi€10). These feedback loops from oxysterols and myelin may hold the key to the enigmatic

process of myelination, promotion of myelination thgh processed sterols followed by negative

feedback fronbuild-up of the unprocessed sterols.
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1.4 Radiologicaldiagnosis oheurodegeneration
Diagnosis of neurodegenerative diseases is difficult due to many diseases having no physical symptoms,

and speciran collection requires invasive methods into the nervous systemunological responses
manifested as fevers, coughs, and enteric irritations apraminentin neurological disorders #sese
are diseases of bodily degeneratiogtead of pathogen induceS8ampling ofthe brain is further
complicatel, requiring the sample to be sacrificed and involving tedious preparation Stess
radiological diagnosiasing MRI and positron emission tomography (PET) have beeorital tod as

anin vivo diagnostic methotbr many neurological diseases.

MRI utilisesthe magnetic properties of the hydrogeucleito visualiseits presence within the body.

The nucleids inclusion in all wat erwaymnbdetecting! es me
and differentiating structures within a living organisf.magnetic field is generated around the

imaging area before a radio frequency pulse is emanated at various phases, resulting in dissonance of
atomic spins. The amount of time nex@y for the excited atom to return to an equilibrium state is
calculated and realised as imageWithin the MRI are multiple modalities that can maniputhtese

propertiego not only give locations of water but also the movement of waisrpounds with differing

hydrogen stereochemistry, and compounds with differing hydrogen cadtentvay is for volumetric

analysis of the scanned region. Volumetric brain analysis basnte one of the hallmarks for

Al zhei merds diagnosi s as vol Uuahk 21P 218)Acchrdingtobeen ¢
previous studies, regigma s ed vol ume | oss could help differen:
cognitive impairmentisorders with greater reductions in hippocampal volume indicating severity of
cognitive impairment and cortic@l4) r d chu cAlizohnesi mas
patients, the whole brain atrophy rate could be as fast as 1.9 to 2.5% f2d.$eadd 6)while in regular

patients only by 0.22%®217). Among these modalities ar&d thatvisualises movemermtnd presence

of macromoleculediffusionkurtosisimaging (K1) andmagnetic resonance spectroscopy (MRS)
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1.4.1 Diffusivity properties of the brain
DKI estimates the skewed distribution of water diffusion based on-g&assian distribution, helping

to indicate extremities within the distributioimdications of higher water diffusion parallel to known
tracts suggests healthy water movement whilédngliffusion perpendicular to tracts may suggest
compromised tract integrit218). By utilising anisotropic and directional diffusivity values of DKI,

the statuses of watdased structures could be calculated.

One of such values is fractional anisotropy (FA), a zero to one index indicating the diffusivity
restrictiins with zero expressing unrestricted isotropic diffusion and one expressingdinectonal

diffusion. Through an age study, it was shown that FA values reached a peak between 23 and 39 years
od(2199corresponding to another studybds prd8osal of
In a neurologically diseased brain, FA has shown regional decreases corresponding to the disease
severity(220, 221) Confirmation of relidility of FA in MS patients show similarly reduced FA in a
demyelinated brai(222, 223) However, studies have shown that grey matter lesions may have higher

FA values than normappearing grey matt¢224) This researckhowthat FA is a good indicator of

myelin integrity, a vital part of cognitive abilities.

Perpendiculadiffusivity is calculated with radial diffusivity (RD)parallel diffusivity with axial
diffusivity (AxD), and average diffusivities of RD and AxD witmean diffusivity (MD).RD has
exemplified higher sensitivity towards myelin structures, especially within white matter regions.
Shiverer mutant mice exhibiting a deletion of part of MP gene causing dysmyelinati showed
significantly increased RD signals while AxD values remained unchd@géy Likewise, cuprizone
induced demyelination showed similar increase of RD values in the corpus callosum with insignificant
changes in AxD(107, 226, 227, 228)AxD has been more variable as it has not been specifically
associateavith a neurological pathology. Studies have shown that while parallel diffusivity indicates
normal water diffusion in white matter tracts, an increase in AxD levels may show white matter atrophy
(229), yet others have denied of such claims when it was seen that AxD values diminished in the

beginning of cuprizonénduced demyelination but bot sustained throughout the pr¢288s Taking
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the mean of these directional diffusivities gives MD. White matter regions suchas phs callosum

are directional, with myelin fibres going in an axial direction, which is why RD is a good indicator of
myelin integrity within these regions. However, grey matter myelin is a multidirectional fibre,
branching out in all direction#s a esult, MD may be more sensitive in grey matter due to its inclusion

of both RD and AxD. Indeed, a previous study has shown that lower MD correlates to a greater density
in cellular structures such as vasculature and awms changes in the directionalitf tissue

organisatiorn(231, 232, 233)

Asides from diffusivity, specific macromolecules could be detected MiRfg. In a magnetiddld, the
hydrogen nuclei absorb the electromagnetic radiation depending on the stereochemistry and functional
groups of the molecule. Differently bonded hydrogens of organic molecules would return to resting
states at different rates, allowing for thefeli€ntiations of molecule&mong a variety of metabolites
identifiable with MRS, several could bring insight into the mechanism of neurodegeneration. One such
molecule is racetylaspartate (NAA), producing one of the largest peaks in an MRS scan. NAA is
concentrated in neurorsut also present in OLs and myelifhe deacylation of it by aspartoacylase
(ASPA) provides acetate necessary for lipid product(i@®4) Another metabolite is choline, a
component of myelin and phosphatidylcholine. Increased levels of chalitebeen shown to correlate

with increased OPC and myelin levé®35, 236, 237, 238Representationsf metabolites within the

brain could help support the pathogenesis of neurodegenerative diseases.

1.4.2 Utilisation of MRI in neurological diseases
The use of MRI has been a key diagnostic tool for MS. As MS is a demyelinating disease, MRI detection

of WM lesions based on water content and diffusivity has been the gold standard in identifying affected
regions. Activated brain regions require an inseean blood circulation to bring more oxygen for
energy consumption. Ratios between blood flow and oxygen consumption usivejgfzed imaging,

thus, have revealed lesion sites based on activation of neuronal activity in both CNS 42831980,

241). Asides from demyelination, recent study has shown a regional lesion specific to MS seen in T2

FLAIR imaging. The central vein, a lesion involvitige frontal periventricular WM, is consistently
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seen in MS patients and can be used to differentiate MS from other dicE5ez43, 244)Likewise,
the manipulation of gadolinium contrasting agent in BBB breakdown seen in nfemyrdtammatory
autoimmune disorders also aids in diagnosing both the stage and type of MS. Preserved integrity of
BBB normally prevents gadolinium from crossing, but in diseased systems such as MS and AD, the

leakage of gadolinium out of the BBB furthmnfirms disease diagnostics.

Similarly, MRI has been previously utilized to help diagnose for AD pathology. Volumetric T1
weighted scans are commonly paired with cognitive tests to estimate regional atrophy of GM, ventricles,
and hippocampuf45, 246, 247)Reductions in these areas have strongly correlated with cognitive
impairments. Alternatively, aiictural properties based on glucose uptake detected by dynamic glucose
enhanced MRI have shown that transgenic AD mice for amyloid plagues have a higher uptake compared
to WT mice of the same a@@48). Further studies have shown that normal appearing white and grey
matter surrounding affected magnetic resonance images may already display cellular and structural
changegq249, 250, 24). The utilisation of radiological diagnosis could help complement what is
already known about neurodegeneration and support wiateerbasedhypotheses to elucidate the

guestions in these diseases

2.0 Methods

2.1  Animal ethics
All experiments were done with compliance to The Government of the Hong Kong Special

Admi ni strative Region Department of nadee&haptdrdos Ani
340. All animal experiments were performed under valid licenses provided by the Hong Kong
Department of Health: (2278) in DH/SHS/8/2/4/ Pt.8, (1981) in HD/SHS/8/2/4/ Pt.8, (2343) in
HD/HT&A/8/2/4 Pt.8, and (2:45) in DH/HT&A/8/2/4 Pt.9 All mice were kept and cared for at The

Animal and Plant Care Facility (APCF) at The Hong Kong University of Science and Technology
(HKUST) and/or Centralized Animal Facilities (CAF) at The Hong Kong Polytechnic University

(PolyU) in compliance with the i@inance and The Code of Practice for Care and Use of Animals for
Experimental Purposes of Hong Kong. All animal experiments and analysis were approved by the

Animal Subjects Ethics SuBommittee at The Hong Kong Polytechnic University.
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2.2 Human Samples
Al l human tissue samples were provided by Al zhe

Core at the University of Pittsburgtith the approval of the Committee for Oversight of Research and

Clinical Training Involving Decedents at the University oft$tiurgh. Additionally, the study was

approved by the Institutional Review Board at the Hong Kong Polytechnic UnivérsiRB
(HSEARS20190809001)All postmortem tissues were formaliixed paraffinembedded from
sporadic Al zhei merdsl@meafhamgeé+@B. @l gybai sner 6s (r
and agematched healthy controls (NC, mean age=78.0 years, n=9) were classified by Braak staging
(163)and Institute on Aging and Reagan Institute diagnosis cri{2si2) Genotyping was confirmed

by conventional immunohistochemistry with Leica BDNRX of human brain stem withuman

APOEA4 (Clone 4E4, MABN43)

2.3  Animal Subjects
Animals were first housed in The Animal and Plant Care Facility (HKUST) before being relocated to

The Centralized Animal Facility (PolyU) in June 2019. This was due tetinement of Professor Karl

Herrup and the relocation to PolyU. The movement was conducted by DHeK&ISE utilising
Ferndale and Friends from HKUST to PolyU. All animals were moved from individually ventilated
cages to filter top transport cages witinimal agitations of the cage. P@stival, all mice were housed

in the quarantine zone of the CAF for one month under close inspection before being transferred into
the individually ventilated cages in room Y1428 in thedfe of PolyUAIl mice are haised in room
Y1428 under the care of Hong Kong Polytechnic Un
husbandry was done by Mr. Gerald Waiung CHENG and Mr. Sunny H8ang YEUNG. Mice are

housed in individually ventilated cages (IVC) and gralpecordingly as breeding or maintenance
cages. The purpose of breeding cages, which allows cohabitation of males and females, is to maintain
a stable population by controlling the reproduction rates. Breeding cages are grouped from one to two
males with hree to four females. The purpose of maintenance cages, which allows for cohabitation of
only one sex, is to maintain the growth of the mice without reproduction. Maintenance cages are

grouped from four to seven mice of the same gender. Regarding grauptesf only males from the
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same litter were housed together to prevent territofiahses. However, females from different litters
could be housed together. Each IVC is padded with wood shavings and provided with water and diet ad
libitum. Centralised &t from CAF (5053, Purina PicoLab® Rodent Diet 20 5053) is topped up and
refilled every Wednesday at 11:00am. Light cycles within room 1428 are separated intctaar 12
cycles: 7:00 to 18:59 at 8 lux and 19:00 to 6:59 at O lux. Light intensities aegl i@ 80lux during

weekly cage changes by the CAF staff. Humidity within room Y1428 is maintained between 58% and
71%, and the temperature is maintained between 20°C and 23°chd¥iewmice are weaned at 4 weeks

old. During weaning, each mouse is provideddentification number by ear punching. Routine checks

of each cage were done every Monday and Friday.

Mice that were part of the cuprizone treatment cohort were housed in filter cages in room Y1431. As
cuprizone has neurotoxic effects, mice under théatment were placed in filter cages to prevent
contamination of the central air vent system in the IVCs. Mice of the same treatment were placed in the
same cage without preference for genotype. The cuprizone treatment (0.2% w/w, TD.140803, irradiated,
Envigo, Indianapolis, IN, US) and control treatment (0.0% w/w, TD.00588, irradiated, Envigo,
Indianapolis, IN, US) were provided at 1509 per cage with ad libitum water for 4 weeks. The treatments
were topped up to 1509 every Monday and Thursday, and tiygtev@ind activity of each mouse were
observed and recorded to record any changes in their health status every Monday and Thursday. Routine
checks of each cage were done every Monday and Friday. No abnormalities such as acute weight loss,

abnormal gaits, meaggressive/passive interactions were observed.

Longitudinal study is the continuous data acquisition of an individual a period. In agdependent

di seases such as Al zheimerds disease, it is i mp:
motor skills, or mental health in patients to diagnosis for disease progression. While a longitudinal study
would provice more accurate data regarding radiologicatdgmendent changes, our hypothesis

hypothesis focuses on cellular changes which cannot be continuously monitored by any in vivo
technique over 16 months peridde acknowledge the benefits of longitudisiaidies where individual

mi cebs white or grdifugivityrparanetens couldde tolowead with age as these
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procedures do not require the sacrifice of the mice. However, quantitative analysis of cellular properties
such as immunohistochéstry, western blot, or qPCR would not be possible in vivo. Since our
hypothesis proposes the detection of both myelin loss and oligodendrocyte degeneration, mice must be
sacrificed for cell analysis. Additionally, further dissection of brain regions eesssary for region

based effects from aging. As such, a creasstional study was done. A cresectional study is the data
acquisition at set time points. Our experiments acquired radiological data (in vivo) and histological data
(postmortem) at specifi ages to correlate myelin densities to cellular alterations. Since we are focusing
on how agedependent myelin and oligodendrocyte changes can affect each other at different ages

instead of how age affects myelin and oligodendrocytes, we do not redpmgitadinal study.

Sex differences was a considered factor in the construction of the propodiEaltions of sex are made

within the captions of all figures shown as male/femidigelination has been shown to differ between

rodent sexes. In wiltype males, the density of oligodendrocytes and expression of myelin proteins and
genes such as MBP aRdLP are greater than femal@&3, 254) The delineation is further supported

by f e madguwatos of angrogen receptors responsible for remyelination in demyelinated lesions
compared to undetectable changes in the r{2®) These results indicate a diverging path of
myelination and remyelination between males and
mouse model, APP/PS1, showed myelin vulnerability of female APP/PS1 mice with significantly lower

total white matterolume and myelinated fibe(856). Previous studies of the inclusion of cuprizone

have also produced sex differences. It is agreed that cuprizone induces similar degrees of demyelination
between male ahfemaleg257, 258) However, in females, cuprizone had deregulated the estrous cycle

(258) and increased anxiety and reduced motor coordination in f28&% To remove factors that

could produce variation, only one sex was used for our experiments. Tibe ochmales is due to the

femal edbs estrous cycl e, (289 Duihgthe gstouscycke \higheryevelso ur t
of progesterone are produced in the metestrus phase (AA). Progesterone is known for
oligodendrogenesié260) and upregulation of MBP(261) Additionally, increase®f progesterone

levels have shown protective effects against cupriZ@62). As a result, males were chosen due to

minimal external factors that could influence demyelination.
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231 R1.40
The R1.40 miceR6.129Tg(APPSw)40Btla/Mmjax) for human amyloid beta (A4) precursor protein

(APPSwve) were created by the manipulatioha yeast artificial chromosome (YAC) containing the
entire human APP gene with substitution mutations of asparagine for lysine and leucine for methionine
(APPxe7onme71L), isoleucine for valine (ARRi17)), or both(263) (Figure 4) The production of the APP

YAC was through, first, its digestion by Sacl and ligationinto®aclg e st ed o Expisdgge ZAPI
and 17 were isolated with the 1.8 kbp Hindlll fragment with exon 16 and 3kbp EcoRI fragment with
exon 17 subcloned into Bluescript. The substitution mutations were introduced in the appropriate exons
through PCR mutagenesis. Products were linedwith Stul and inserted into the witgpoe APP gene

by a twostep yeast gene replacement outlined by Ketner(264). R1.40 mice exhibit amyloid plaque
deposition by 14 months of ad@63) (Figure 5) Transgenic mice were acquired from Jackson
Laboratory (034831AX, Bar Harbor, USA) and allowed to inbreed among wjges and
hemizygotes. Mice were providet! libitumwater and diet for :8veeks before administered with
either 18% protein control di€ENVIGO, TD.00588) or 0.02% cuprizone diet (ENVIGO, TD.140803)

for 4 weeks. The R1.40 mice were employed to model mild amyloid deposition and the effects of acute

demyelination by cuprizone.

23.2 APP/PS1
The APP/PS1 miceB6.CgTg(APPswe,PSEN1dE9)85DMMmijax) for two inserted cDNA transgene

were created with the Swedish mutation for the amyloid beta (A4) precursor idREswe) and

human presenilii fiDel t a E9 0 uspunseatediinm the gTBE21 vect(®65) (Figure4).

The vector was inserted into the Xhol cloning site and Notl/Pvul digested and injected 057 Big6

male pronuclei oocytes. APP/PS1 mice exhibit amyloid plaque deposition by 6 monthglihage

6). Clinically, amyloid plaques appear first due to accumulating aggregations of the amyloid oligomers.
This abnormal aggregation induces an immuspaase that triggers the activation and proliferation of
microglia and astrocytes, known as gliosis. Finally, it is due to the inflammation recruited by the
immune response and the overproduction of these plaques do synapses begin to suffer as axons

degeneate. Trarnsgenic mice were acquired from Jackson Laboratory (034832 Bar Harbor, USA)
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and allowed to inbreed among witghes and hemizygoteAPP/PS1 mice were provided libitum

water and normal diet for 8 weeks before administered with either i&#rpcontrol diet (ENVIGO,
TD.00588) or 0.2% cuprizone diet for 4 weeks. The APP/PS1 mice were employed to model aggressive
amyloid deposition. The addition of cuprizone questioned if the aggression of deposition would prepone

amyloid deposition and affe neuron and OL survivability.
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Chr. 13

APP/PS1 (B6.€l1](APPswe,PSENldE9)85Dbo/Mmje@ B

Figure 4: Mutations of the R1.40 (Top) and APP/PS1 (Bottom) mice models.

Chr. 9
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1me 3me Bme 8me 12me 15me. 18mo+ Absent  No Data

By 13.5 months homozygous mice develop both parenchymal and vascular
Plaques amyloid deposits which first appear in the frontal cortex. No Af deposition at
5 months (Lehman et al., 2003).

No mature tangles, but some changes in phosphorylated tau.
Tangles

Unknown.
Meuronal Loss

Reactive astrocytes and microglia in 14-16 month old animals (Kulnane et al.,
Gliosis 2001).

Unknown.
Synaptic Loss
Changes in Absent.
LTP/LTD

Unknown.

Cognitive
Impairment

Figure 5: Age of onset of neurological events of R1.40 mice.
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AP deposition begins at 6 weeks of age in the cortex and 3-4 months of age in
the hippocampus (Radde et al., 2006).

Phosphorylated tau-positive neuritic processes around plaques have been
observed, but no mature tangles (Radde et al,, 2006).

Global neuron loss is not observed, but modest neuron loss was found in the
granule cell layer of the dentate gyrus and other subregions with high
neuronal density in 17-month old animals (Rupp et al., 2011).

Activated microglia around AP deposits at 6 weeks as well as increased
astrogliosis (Radde et al.,, 2006). Levels of CCL2 and TNFa increase at later
ages (Lee etal, 2010).

Dendritic spine loss around plaques reported to begin approximately 4 weeks
after plaque formation and continue for several months (Bittner et al,, 2012).

Hippocampal CA1 LTP normal at 4.5 months of age, but impaired at 8 and 15
months of age (Gengler et al.,, 2010).

Cognitive deficits in spatial learning and memory in the Morris water maze
reported at 7 months (Serneels et al., 2009). Impaired reversal learning of a
food-rewarded four-arm spatial maze task observed at 8 months (Radde et al,,
2006).

Figure 6: Age of onset of neurological events of APP/PS1 mice.
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23.3 Apoe
The Apo€” mice @Apoé™¥™) for the complete knoekut of the endogenous mice Apoe were created

by Piedrahita et g66) (Figure7). TheApoegene was knockedut using gene targeting of the mice
embryonic stem cell where two plasmids, pJPB63 and pNMC109, containing negesistant genes
were introduced and replacégoeusing electroporation. Homozygotes Agoe” disrupted gene were
utilized to inbreed with no wildlypes as this strain could survive and remain fertile as homozygotes in
complete absence dfpoe Mice were obtained fromdackson Laboratory (IMSR_JAX:002052, Bar
Harbor, USA) andvere allowed to mature up te,d82-, and 16months and providedd libitumwater

and normal diet. The purpose of utilizidgoe" is to understand the influence of the lack of a lipid
transporter within the body. Concurrently, it is to provide a negative control for the further

implementation of thbumanized APOE3 and APOE4 kneicis.

23.4 APOE3 and APOE4
Humanized APOE3 (RBRCO0339@B6;1293Apoe™m3sRbry and APOE4 (RBRC03418B6;129

ApoerMHAPOEA)SI/SIURDE knock-in mice were obtained through RIKEN BloResource Researchi Center,
Japan. Micewnere developed by Hamanaka HirokiMftsubishi Kasei Institute of Life Sciences by
introduction of the knockn section intdE14TG2alV embryonic stem cells by electroporatigart of

exon 2, entire exon 3, and most of exon 4 of the mépsesequence were deleted, and hAPOES or
hAPOE4 cDNA was inserte(267) (Figure 7). Transgenic mice were allowed to inbreed with wild
types, heterozygotes, and homozygotes for either the APOE3 or APOE4 gene within its own strain.
Heterozygotes of the humanized APOE gene were only employed &tilge~hile wildtypes and
homozygotes were utilized for experimentatiMice were allowed to mature up te, @2, and 16
months.The implementation of transgenic humanized APOE3 and APOE4 mice may help to understand
the effect of isoform difference otsicorrelation with AD. As only the APOE4 isoform significantly
increases the risk of AD, through which cells or structure does this influence is of importance towards

the progress of AD understanding and treatment.
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Figure 7: Transgenic mice for APOE. The exons of the endogenous Apoargepeesented in the C57BL/6 r
(Top). In the Apok, the full Apoe gene is removed (Middle). In the hAPOE3 and hAPOE4 mice, all of exons
and part of 4 of the Apoe gene are removed and replaced with the hAPOE gene and neomycin.
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24  Genotyping of animal samples
Genetic identification of each mouse was performed at weaning andgnpdem. Ear punch was

carried out using stainless steel ear punch-gaig2-1, Natsume Seisakusho Co., Ltd, Tokyo, Japan)
by making an ear hold diameter 1.5 mm. Punched tissues were stored in a 1.5 mL Eppendorf tube in

4°C for genotyping.

24.1 Genotyping of R1.40, hAPOE3, and hAPOE4
The ExtractN-Amp™ Tissue PCR Kit (XNAT2, Sigm&ldrich, St. Louis, USA) was used for DNA

extraction and amplification of R1.40 and humanized APOE transgenic mice. Ear tissues were first
submerged into a mixture contai ni pAlWricd S8tOLoussl. o f e)
USA) and 25 ¢eL of tissue {Aldrep St.rLauis,iUSA) forsl® mimih i on ( °
a 55AC water bath following 3 min on a 95AC hea
solution B (N3910, Sigmaldrich, St. Louis, U®) was added to cease the denaturation and complete

DNA extraction. A solution (per sample) of £Q of ExtractN-AmpE PCR Reaction Mix (E3004,

SigmaAl dr i ¢ h, St . Loui s, USA) , 3 L of distilled w
and of sanple DNA extract was combined with vortex mixer and centrifuged to aggregate all
solution into the bottom of the 580 PCR tubes. Tubes were then processed within a Ee@6-

Well Fast Thermal Cycler (4375305, Thermo Scientific, Waltham, USA) gpsintgr-specific protocal

24.2 GenotypingApoe-and APP/PS1
Genotyping of APOEKO and APP/PS1 mice were performed as indicated in the following. For DNA

extracti on, ear tissues were immersed in 100 gL
f or 45 min. Af t eTAl aautdhlszation bufer svds aduldd toThaltith® denaturation

process. The polymerase chain reaction (PCR) S
ThermoPol® Reaction Buffer (B9004S, New England BioLabs, Ipswich,A ) 0.5 L of dd
eL of each appropriate 10x pri mer solTagDNA n, 15.
pol ymerase (M0273S, New England BiolLabs, I pswi cl

solution was then combined with vortex mixer and centrifuged to aggregate all solution into the bottom
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of the 500¢L PCR tubes. Tubes were then processed wihVeritE 96-Well Fast Thermal Cycler

(4375305, Thermo Scientific, Waltham, USA) using prirsgecific protocol.

25  Cuprizone mediated demyelination
Diet incorporated with 0.2% cuprizone (CPZ) diets were purchased through ENVIGO (Madison, USA).

R1.40 mice and APP/PS1 mice at 12 and 8 weeks of age, respectively, were removed from IVCs in
room Y1428 and relocated into open top filter cages in room Y1431 for 4 weeks of treatment. Each
cage held a maximum of three mice and were changed and cleeeldg.vBoth control and cuprizone

diets were topped up to 150 g biweekly and water changed weekly while their consumptith was
libitum. Biweekly inspection of amount of chow eaten, mice weights, and status of each mouse was
performed to ensure adherentceproper ethical protocol. If mice were shown to have significant
deterioration in health such as gait impairment or appearance of seizures, the mice were humanely
euthanized with C@asphyxiation. At the end of the procedure, cuprizone and providedldigts

were properly disposed of in the hazardous waste bags in accordance with the Waste Disposal
Ordinance (Cap.354) under the Environmental Protection Department of Hong Kong. No deterioration
was found in CPZ mice during thewkek treatment periodind no mice were sacrificed due to

complications from the diet.

2.6 Behaviour test for reference memokrmaze
The plastic 3rronged ymaze was measured by Dr. Kdeéi TSE and produced at Hoi Fat Plastic

Decoration Advertising Limited in Mong Kokjong Kong. The setip of the room for the memory test

is shown in Figure. Mice were relocated from room Y1428, Y1429, or Y1431 into room Y1441 for

at least 1 hr to acclimate to the new environment to prevent stress factors that may affect its cognitive
or physiological functions. After the acclimation period, each animal was placed on the underside of
filter tops to prevent its visuals of the surroundings and placed into the gpteddged ymaze The
dimensions of our grey opaque acrylieny¥aze with 3 prongs are as follows: length is 35cm, width is
7cm, and height is 9cif268). While there are different single arm lengths of threaze ranging from

15cm to 95cm, we had chosen 35cm due to previous reports of cognitive testing of ngcenan
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lengths of 39.5¢cn(269) and 30cm(270). The maze was placed on top of a cart that was locked into
place to prevent unnecessary movement during the behaviour test. A tripod was used to hover a camera
85cm above the ‘Ynaze to allow it to visualize the whole maze. To provide additional lighting for the
camera, a lamp was placed in the corner of the room with the light aimed at the adjacent wall. The
camera was then connected into the laptop where the MNXE (version 72, Stoelting Co. IL, USA)

was installed for animal tracking.

After the setup, mice cages were transferred from room Y1428 or Y1431 to Y1441 by cart to prevent
excessive movement of the cages. The temperature of Y1441 was maintained between 18°C and 21°C;
the humidity was maintained between 45% and 65%. Once im&ideY 1441, mice were acclimatized

on an adjacent table to the cart for 1 hr prior to behaviour test. For each trial, mice were transferred
from the table to the Y¥naze using the cage lid to prevent fear or stress responses from handling the
mice. Additiorally, black boards were used as a barrier surrounding tiv&a2€ to prevent outside

factors from influencing mice behaviour.

Y-maze is a twdier behaviour test working and reference spatial meniReference memory test was

done with no food rewarsince spontaneous alternation, or the measurement of willingness for mice to
explore new environments, requires that the mice have no direct influence from a Paiditidnally,
rewardbased reference memory tests have been shown to not exhibit sigrdfféerences in animal
spontaneous alternation nor choice in correct arm entry snd Fmaze but only in higher activity
(271,272)Spont aneous alternation manipul ateslnan anin
the working reference emory tests, the mouse is permitted to freely roam the ungated maze for 8 min
(273, 274, 275, 276, 277, 278 fore homing. The reference spatial mentesf requires two phases:

a training phase and experimental phase. During the training phase, the mouse is allowed to explore the
maze with one gate closed for 4 min. Afterwards, an 1 hr-trisdrresting period is provided before

the subject is placedabk into the ungated maze for 4 n{#v9). Tests were done with the following
parameters measured: time spent in each arm, time spent in the correct arm, time spent in the incorrect

arm, total entries, spontaneous alternation (percentage of alternation equals to the number of
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alternations divided by the number of entries and multiplied by 100), average speed of the mouse, and

average unmoving time (14).

Reference memory test was done with no food reward since spontaneous alternation, or the
measurement afillingness for mice to explore new environments, requires that the mice have no direct
influence from a reward. Spontaneous alternatior
the new. In the working reference memory tests, the mouse is tgertoifreely roam the ungated maze

for 8 min(273, 274, 275, 276, 277, 27&fore homing. The reference spatial memory test requires two

phases: a training phase and experimental phase. During the training phase, the mouse is allowed to
explore the maze with one gate closed for 4 min. Afterwards, an 1 htriateesting peidd is provided

before the subject is placed back into the ungated maze for @#@h
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Figure 8: Presented is the seip of the ymaze behaviour test in room Y1441 of the PolyU CAF (Top
camera set up using Amyaze is as showfBottom).
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2.7  Functional Magnetic Resonance Imaging (MRI)
Magnetic resonance imaging was conducted with the help from Dr. KannieY&daCHAN, Dr.

Jianpan HUANG, and Ms. Zilin CHEN of City University of Hong Kong (Cityib)room Y7612 in
the Yeung Kin Man Academic Building of the City University of Hong KofAdnorizontalbore Bruker
3T BioSpec fMRI systenfFigure 3) was used to acquire five radiological modalities:Widighted
(T1lw), T2weighted (T2w), diffusion kurtosi (DKI), magnetization transfer (MT), and magnetic

resonance spectroscopy (MRS).

All MRI experiments were performed on a horizontal bore 3T Bruker BioSpec system (Bruker,
Ettlingen, Germany) equipped with an 82 mm quadrature volume resonator as dteaasia single
surface coil as a receiver, at City University of Hong K¢@rigure 8) For MRI scan, animal subjects

were initially anesthetized using a chamber pervaded with 2% isoflurane in oxygen. Mice without reflex
were considered unconscious andcpd into the MRI. Subsequently, the mice were placed on the
mouse cradle in the scanner with a gas inhalation mask and kept under anaesthedia.5fth 1
isoflurane in oxygen. Oxygen at a concentration of 93% was generated by an oxygen concentrator
(DeVilbiss Healthcare, Somerset, USA'he flow of oxygen was set to 2L/min throughout MRI
acquisition. | sof | ur an e -aiisobutyrit @sidn(GABA), am ihHibitocy t t he
neurotransmitter regulating chloride ion diffusion. Application of iasheg isoflurane concentration

has been shown to increase GARAtivated currents in the hippocampal circuf280, 281) Increase

of GABA hyperpolarizes neurons, inhibits action potentials, and reduces the release of
neurotransmitters. These effects have been shown to reduce motor stimaatidecrease cortical
activity (282, 283) Even though isoflurane affects neural circuitry, it has not been shown to affect MRI
signals(284). To ensure comparable slice orientations, the mice were placed in a prone position with
the head fixed to a teetllder. Mouse body temperature was maintaine37&C using a warming pad
connecting to a water heating system (Thermo Scientific, Waltham, USA). Respiration was
continuously monitored using an MRbmpatible monitor system (SA Instruments, Stony Brook, JJSA
with a signal derived from a pressure transducer placed under the chest of mouse. After localized

acquisition, the Bfield over the mouse brain was shimmed using field mapping and second order
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shimming. The image slices were positioned based on a tealleagittal image of the mouse brain
with the position of the coronal image slice seflt® mm with respect to the anterior commissure (AC).
For each mouse, MRI data of T1/T2 weighted (T1w/T2w) imaging, diffusion tensor imaging (DTI) and
magnetization ransfer ratio (MTR) imaging and magnetic resonance spectroscopy (MRS) were
acquired. For imaging acquisitions, 11 slices of image with a matrix siz280f 128, a field of view
(FOV) of 20" 20 mm and a thickness of 1 mm were acqyifegire 9B and 9C)I'1 and T2 acquisition

took 2min 24s. Diffusion kurtosis imaging took 13min. Magnetic resonance spectroscopy acquisition
took 9min 49s. Magnetization transfer took 9min 26s. The total acquisition time took 34min 39s with
additional average of 15min of adsgjtion set up. Recovery was done with a heat lamp to prevent heat
loss of the mouse until consciousne€gher acquisition parameters for each methodologye

specified ashefollowing:

2.7.1 T1/T2 weighted imaging
Both T1lw and T2w images weeequired using a rapid acquisition with refocused echoes (RARE)

sequence. T1w parameters were set as: repetition time (TR) = 500 ms, echo time (TE) = 14 ms, number
of average (NA) = 8, RARE factor = 4 (linear encoding), scan time = 2 min 8 sec. T2w [gasanvere

set as: TR = 3000 ms, TE =54 ms, NA = 8, RARE factor = 16, scan time = 2 min 24 sec.

2.7.2 DKl imaging
Diffusion kurtosis images (DKI) were acquired using a spin eadfwm planar imaging (SEPI)

sequence. Imaging parameters were set to: TRO=080 ms TE = 36 ms, NA = 4, {
3 ms and diffusion separation @ = 16 ms, 30 diff
b = 0 s/mm2 images, 2 experiments per direction, resulting in a scan time of 13 min. The diffusion

tenss ei genvalues (a1, 2, 3) computed by the Pa
on apixelby-pi x el basis for the axial diffusivity (AxD
RD = (&2 + 23) |/ 2, the(mdan &Rf fueByity3(MDJ wh

(FA) with:
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Figure 9: Presented is the CityU room for the 3T Bruker functional M$RI The number of slices that

was imaged arseparated into the respective BregmBs Representative DKI and T2w images are
shown C). Bregma is the location at which the coronal suture, a connective tissue joint that separates
the two parietal bones from the frontal bone, and the sagittal sutugezonnective tissue joint that
separates the two parietal bones, perpendicularly intersects. This region is regarded as the origin for
the coordinates of the coronal brain. Bregma values, presented as the distance in millimetres from this
origin, are inreference to this point using positive, or more anterior, and negative, or more posterior,
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to this position. Each coronal MRI image is approximately 1mm thick, separating our Bregmas by a
factor of approximately 1 between each image. Radiological acquiggrmitted for 11 images to be
taken starting from approximately Bregma 3.6 encompassing only the tip of the frontal cortex with
mostly the olfactory bulb to approximately Bregma 7.5 encompassing the posterior cerebellum. All
images were with reference the Allen Brain Atlasimage heatmap used jet color differentiation to
indicate degree of diffusivity using diffusion kurtosis imaging. The range for fractional anisotropy (FA)
is a scalar unit between 0 and 1. Values closer to 0 represent an isotropic diffusion while waeaes cl

to 1 represent an anisotropic diffusion. Radial (RD), axial (AxD), and mean (MD) diffusivity range
between 0 and 1E1B, 0 and1lE10-3, and 0 and 1E18, respectively, with a unit of mis.
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2.7.3 Magnetic Resonanc&pectroscopy
The voxel of interest (VOI) for MRS acquisition was localized in cortex region of each mouse with

reference to the acquired T2 weighted image. Localized shimming up to second order was performed
using voxelbased field mapping before each MB&uisition. MRS data were acquired using the
stimulated echo acquisition mode (STEAM) sequence with outer volume suppression. The acquisition
parameters were voxel size = 3 x 3 x 3 mm, FID = 2®8ts, averages = 256, TE = 3ms, mixing time

(TM) = 10 ms, TR = 2300 ms, scan time = 9 min 49 s. The location of the volume encompasses the
cortex, corpus callosum, hippocampus, and thalamus (Figure 4). Water suppression was @sihigved

the variable pulse power and optimized relaxation (VAPOR) method. MRBrdatssing and analysis

were performed in MATLAB (MathWorks, USA). MRS spectra were aligned by setting the creatine
peakat 1.3 parts per million (ppm) against lipids, NAA, and glutamine/glutamate |&€elatine has

been shown to directly affect the giwal of oligodendrocytes by increasing production of
mitochondrial ATP specifically in oligodendrocyt¢285). Additionally, the deletion of creatine
syrthesizing enzyme, guanidinoacetate methyltransferase, significantly reduced creatine expression
and mature oligodendrocyte populations, delayed myelination, and impaired axonal integrity by
increased expression of nphosphorylated neurofilamen®386). Hence, creatine levels may represent
oligodendrocyte population statuses. However, these studies were done in cell culture and cerebellum
using single cell analysis. Previous reports have shown that creatine levels remain consistent among
normal controa nd Al z hei ni287, @88, 280a200)arthdrnsore, levels d¥IRS detected

met abolite changes against creatine were establi
over a véume encompassing the cortex, corpus callosum, and hippocampus. The region is significantly
larger than the single cell analysis. This form of analysis would decrease the effects of the level of

creatine.

2.8 Isolation of brain and organs
PostMRI, animals were returned to PolyU room Y1104 for sacrifice and extraction in a class Il

biosafety cabinet. Mice were irreversibly anesthetized by intraperitoneal injection with avertin (1.25%,

2,2,2tribromoethanol) and checked for consciousneskiihg feet pinching to assess for nociceptive
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reflex before transcardial perfusion. iceld phosphate buffer solution (PBS) was perfused through a
peristaltic pump at 4.5 mL/min. The choice of avertin had been approved due to the single survival

procedurenature of the euthanasia. Ear punches were removed fempostm genotype confirmation.

Once the mouse has been checked and confirmed as unconscious, the mouse was transferred onto the
operating stage where its appendages were pinned down with shnégadles. The skin on the chest

of the mouse was first picked up with forceps, and a cut was made to expose the sternum. An incision
was made under the sternum, and the diaphragm was similarly opened to expose the heart. A
hypodermic needle fitted intoehtubing of the peristaltic pump was then inserted into the ventricle of
the heart, and iceold PBS was used at 4.5 mL/min to perfuse the mouse for 3 to 4 min. As an adult
mouse has an average of 2.5 mL of circulating blood, an excess of PBS was useadacemplete
removal of blood. After perfusion, a vertical incision of the skin from the nape to the nose was made in
addition to a horizontal cut between the eyes within the scalp. Subsequently, a similar cut along the
median line from the eyes to thpirse to expose the brain was executed. The brain was carefully
removed by nicking the optic nerves and placing it onto a petri dish. The extracted brain was bisected
into the left and right hemispheres. The left hemisphere was snap frakgride for sbrage, and the

right hemisphere was fixed in 8 mL of 4% paraformaldehyde for 24 hrs aThéQlifference between

the left and right hemispheres were not studied. Instead, choosing one hemisphere of the brain is for
consistency as our previous works haged the left hemisphere for protein expression and right for
immunohistochemistryFixed brain tissues were then dehydrated with 30% w/v suéBSefor a
minimum of 48 h, segregated into 2 mm blocks using brain matrix, embedded into cassettes with
optimd cutting temperature (OCT) in dry ice, and cryosectioned using Cryostar NX70 Cryostat at 10
mm sections on charged slides. Embedded tissues and unused sectioned slides were-&d3(&d in

while unused brain tissues were cryopreserved with 20% glycimessuin-20°C.

29 Tissue redehydration
Tissues kept in cryoprotectant are required to beereydrated before embedding. Tissues were first

removed from the cryoprotectant and washed with 30% sucrose/PBS three times to remove excess
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glycine. After washeach tissue was submerged in 3 mL of 30% sucrose/PBS for 10 days with daily
replacement of the solution to maintain higher concentration in the solution. Each tissue was then
submerged in 40% sucrose/PBS for 4 additional days with daily solution replaicéonfurther
dehydrate the tissue. Finally, the tissue was submerged in 2 mL of OCT in addition to 2 mL of the 40%

sucrose/PBS solution for 3 days before embedded in OCT.

210 Chromogenic Immunohistochemistry and Imaging
Mounted brain sections statén -80°C were washed 3 times with PBS to remove excess OCT before

converters were placed on each slide. Leica Bond Polymer Refine Detection (Wetzlar, Germany) was
used for immunohistochemistry (IHC) in addition to-qpmade primary antibody solutions. Biag
protocols for Leica Bond Rx were optimized for heat induced epitope retrieval (HIER) pH of pH 6 (ER1)
or pH 9 (ER2), time necessary for antigen retrieval, antibody dilutions, and incubation pdiriod.
antibodies used include the followin@lig2 (MABN50, 1:500 Millipore, CA, USA, heat induced
epitope retrieval (HIER) with ER1 solution for 20 miASPA (ABN1698, 1:500 Millipore, CA, USA,

HIER with ER1 solution for 20min)\lkx 2.2 (ab191077, 1:1000 Abcam, Cambridge, HIER with ER2
solution for 20 m), APGCC1(Clone CC1, MABC200, 1:500 Millipore, CA, USAIIER with ER1
solution for 20 min), PLP1 (Clone EQV1N, CST 28702S, 1:500, HIER with ER1 solution for 20 min);
amyloid marker, antb-Amyloid 1-16 (Clone 6E10, 803014, 1:5000, BioLegend, CA, USARiivith

ER1 solution for 20 min)All sections were countestained with haematoxylin. After staining, tissues
were immediately removed and placed into distilled water for transfer into dehydration. Slides were
placed into a slide staining rack and wasfoeB0 sec with agitation in order from 70% ethanol, 90%
ethanol, 100% ethanol twice, and xylene twice. Tissues were then mounted using DPX high grade
xylene mountant (0652200mL, SigmaAldrich, St. Louis, USA). Imaging was done with Leica Aperio
CSO Scaner in 20x double magnification (Leica BioSystems, Wetzlar, Germany) or NanoZoomer

S210 Digital slide scanner (C13282, Hamamatsu Photonics, Shizuoka, Japan).

Human samples of thigontal cortex, cerebella cortex, brainstem, and hippocampus wedefarse

further conventional immunohistochemistry. Paraffin tissue slides were first heated at 60°C for 1 hr to
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melt the paraffin before deparaffinization with xylene for 10 min. Rehydration was then done through
30 sec washes in a decreasing ethanol coratent. Antigen retrieval was then performed using pH
90TriseDTA buffer (10 mM Tris Base, 1 mM EDTA sol ut
for 30 min.Quenching residual peroxidase was performed with 3% hydrogen peroxide before blocked
with normad donkey serum for 30 min. Primary antibody incubation was performed for myelin basic
protein (SME99P, 1:3000, Covance/BioLegend, CA, USA), Olig2 (MABN50, 1:500 Millipore, CA,
USA), APCGCCL1 (Clone CC1, MABC200, 1:500 Millipore, CA, USA), and myelin retpriafactor
(ABN45, 1:300, Millipore, CA, USA)at 4°C overnight Secondary antibody incubation was then
performed with DABbased detection kits (VectaStain Elite ABC HRP Kit; DAB Peroxidase HRP
Substrate Kit, Vector Laboratories, Burlingame, CA) and catsiténed with hematoxylidAll human

tissues were imaged with an upright microsc(§53 with DP80 camera, Olympus, Tokyo, Japan),

and scanned with a Leica Aperio CS2 digital pathology slide scanner (Leica Microsystems, Hong Kong

SAR).

2.11 Whole brain immunofluorescence and imaging
Mounted brain sections stored-BO°C were washed 3 times with PBS before blocked with 5 % normal

donkey serum in PBS containing 0.3% TritorlBO for 30 min in 20°C. Tissues were then incubated
with primary antbodies for either 2 hrs in 20°C or a minimum of 12 hrs in 4°C, washed 3 times with
PBS, and applied with corresponding secondary antibéatidshr in 20°CAll antibodies used include

the following: Olig2 (MABN50, 1:500 Millipore, CA, USA, ASPA (ABN1698, 1:500 Millipore, CA,
USA), APC-CC1 (Clone CC1, MABC200, 1:500 Millipore, CA, USA53BP1 (ab36823, 1:5000
Abcam, Cambridge, UK MBP (SMI-99P, 1:3000, Covance/BioLegend, CA, USAN. nuclei were
count er st a-diamditho2phenyitdoled(BAPK 1:1000) for 10 min in 20°C and mounted by
Hydromount (National Diagnostics, Atlanta, USA) with 22 x 50 cm coverslips. Slides were then
visualized by an upright microscope equipped with Excelitas Tecite® 120Q fluorescence
illuminator (BX53 with DP80 camera, Olympus, HKUST) or Nikon Eclipse -EiZluorescence

Imaging System (University Research Facility in Life Sciences, PolyU).
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Images were taken using two parameters: stitched whole brain and 20x magnified regions. Whole brain
imaging wasdone with 20x magnification (2424 pixels x 2424 pixels) and 1% blending as optimized

by Nikon Eclipse TiZE Fluorescence Imaging System with a LED light source. Wavelengths of
channels used were 365 nm for DAPI at 5% intensity and 20 ms exposure, 458r5HnC at 50%
intensity and 200ms exposure, 610 nm for mCherry at 50% intensity and 200ms exposure, and 710 nm
for Cy5 at 50% intensity and 200ms exposure. Regions of interests (frontal cortex, parietal cortex,
occipital cortex, genu, isthmus, spleniuamd hippocampus) were then manually focused to initiate
automatic imaging and stitching of the whole brain with an average of 60 stitched images equating to
an average cortical length of 7 mm with CFI Plan Apo 20x/0.75 Dry objective. Single region images
(850 um x 850 um) were taken with the same 20x magnification. Regions of interest are duplicated

with the seven regions used to focus.

2.12 Quantitative Analysis
Cellular quantifications of fluorescent immunohistochemistry were performed by manuaihgount

while chromogenic immunohistochemistry by automated analysis using Q@PRaj)hEach region of

interest (anterior cingulate, motor cortexangmtosensory cortex, genu, cinglum, external capsule,
thalamus, anterior commissure, and septohippocampal nuclei) was manually drawn out using the
polygonfunction. Analysed cerebral regions were chosen to correlate with human findings in APOE4
isoform paients by Dr. Henry Mak292). Since APOE4 is the greatest genetic risk factor for sporadic

Al zhei mer ds, we pr op o 9298) motdr eotte294), somatosensoryicatex c i n g L

(295, 296) corpus callosunf297, 298) and hippocampug99, 300, 301keen in humans would be

transl ated with the most affect edCel ddection nfs i n t
haematoxylin optical density was done with a pi x
following:background radius of 8 em, median filter ra

10 2s2mand maxi mu nt. Taeteeshold 6f thel MAB intensity was set at 0.1 with a max

background intensity of 2 and cell expansion of
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2.13 Western Blotting
Snap frozen brain tissue (left hemispheres) were defrosted on ice and dissected with a stereo microscope

into cortex, hippocampus, WM, and cerebellum. Each portion was then pulverized in a dounce
homogenizer with PBS and separated into setutions: one for protein analysis and one for RNA
extraction. For protein analysis, appropriate amounts of RIPA lysis buffer with PhosphoSTOP and
Protease Inhibitor were added and shaken at 4°C for 1 h. Protein solutions were then sB@%l in

until usage.

After preparation, protein samples were analysed for protein concentrations per each sample. Samples
were centrifuged at 4°C at 10,000G for 20 m. The supernatant was extracted as the cytoplasmic fraction
while keeping the remaining precipitateragleic fraction stored ir80°C. Each cytoplasmic fraction

was then diluted 1:40 or 1:50 against #ad protein assay (5000002, Hercules, US) to standardize
protein concentration to 25 to 30 g per sample using-ilvater and 6x loading dye with 5%the

mercaptoethanol.

Electrophoresis of protein samples (20 pL) were done using 1.5 mm thick sodium dodecyi sulfate
polyacrylamide gel electrophoresis (SP8GE) gels with Precision Plus Protein Dual Color Standards
(1610374, Hercules, US). Resolving gergentages were determined by the size of desired protein
while stacking gel percentages were kept at 5%. All gels meren Mini-PROTEAN Tetra Vertical
Electrophoresis Cell with PowerPac Basic Power Supply-f&id) at 100 V for 30 min before
increasingvoltage to 120 V for 60 min. Gels were then removed and placed on meéxposked
polyvinylidene fluoride (PVDF) membrane to be transferred in FBlosTurbo Transfer System (Bio
Rad) at 25 V and 1.0 A for 1 hr. After transfer of protein from gel tmbrane, each membrane was
blocked with 4 mL of 5% noifat milk for 30 min on a lab tube roller and incubated with appropriate
primary antibodies overnight in 20°@ll antibodies include the followind-Amyloid, 1-16 Antibody
(1:000, Clone 6E1(\-terminal, a.a. 416, human specific only, 803014 BioLegend, CA, USA), MOG
(1:1000, MAB5680, Millipore, CA, USA), MAG (MAB1567, 1:3000, Millipore, CA, USA), MBP

(SMI-99P, 1:3000, Covance/BioLegend, CA, USGAPDH (ab8245, 1:10000, Abcam, Cambridge,
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UK). Horseradish peroxidase conjugated secondary antibodies were then incubated for 1 h in 20°C
before visualized with Forte (Millipore, Immobilon Forte Western HRP Substrate, WBLUF0500) or
Dura (SuperSignd' West Dura Extended Duration Substrate, 34075, TheBeientific) enhanced
chemiluminescence for 5 m and imaged in ChemI®ddP Imaging System (Bi&kad). Analysis of
western blots were done using Imag@@0d2). Intensities of each band were asared for area under

curve of the associated peaks. All intensity levels were normalized with housekeepinGAeDe.

2.14 Statistical Analysis
All statistical analysis were done on GraphPad Prism 9 (version 9.5.0., San Diego, USyayrwo

analysis of variance (ANOVA) was performed on all comparisons due to each investigation having two
independent variable§303. The Tukey poshoc multiple comparison test was performed to
minimalize Type | error due to differing sample s{264, 305, 306, 307, 3083l data in graphs are
expressed as mean * standard error of mean (SEM) with statistical significance @6tGf. Global
changes in ANOVA refers to the effect of the proposed variable on the results, exclusive of trend.
Outlier test was done on all cohotts exclude outlying values-or the outlier test, quartiles 1 and 3
were found individually per genotype and ageup. Thelower and upper limits for indicating the
outlier iscalculaed by subtraction from quartile 1 and addition of quartile 3, respectively,lwbth

times the interquartile range

Stratified randomisation was done for the choice of mouse for treatment groups. Since genotype is a
covariate that must be maintained, we randomised the choice of mice once their respective genotypes
were confirmed. Confounders were minimized by maintgigionsistence in the location of treatment.
However, 12 of the wildtypes and R1.40 mice were treated in HKUST and 22 of the wildtypes and
APP/PS1 mice were treated in room Y1431 in PolyU. Regarding blinding, after radiological and
histological acquisitionsections were annotated for the regions of interest. Annotations for brain

regions were blindly done with no knowledge of genotype nor treatment groups.
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3.0 Demyelinationaccelerate amyloid pathology in transgenic
mouse models

3.1 Experimental Design
Our central hypothesis proposes that myelin loss triggered by the APOE4 isoform could initiated or

accelerate Al zheimerds disease. This proposal [
Our first proposal is that myelin loss accelerates AD patfyoThe first aim we had was to show that
demyelination or the reduction in myelin would affect amyloid plague deposition, the hallmark of

Al zhei merés. By employing young mice between 3 a
plagues and treay them with cuprizone, a demyelinating treatment, we radiologically and
histologically observed for changes in oligodendrocytes, myelin, and amyloid plagues to understand if

the genetics or treatment would affect these bodies. As we observed incrgasssiex of the amyloid

protein in the brain with cuprizone, we then aimed to see if APOE4, the greatest genetic risk factor of
sporadic Al zhei mer 6 s, Oumosedbnd hypothesia ts APOE4 aacelerates e f f ¢
myelin/OL loss As APOE is a lipil carrier within the brain, we proposed that its normal functions are
impaired, leading to the inability of oligodendrocytes to maintain or create myelin and leading to the
previous result of increased amyloid. Altogether, the reduced myelin would incaeagdeid

aggregations and initiate the symptoms of Al zhei

One of the neuropathological hallmarks of AD is the appearance of amyloid plaques in the brain. While
the aging population intrinsically develop these plaques, AD brains show a heagl@n btithe protein
aggregations when compared to a healthy patient of the same age. As multiple sclerosis patients undergo
demyelination in conjunction with cognitive impairment similarly to AD, we hypothesize that a
significant loss of myelin may acceléaplaque deposition, and, ultimately, initiate the cascade of
pathological events of AD. As the sole producer of myelin, OLs are hypothesized to be affected by the
toxicity of cuprizone and reduce in numbers due to an accumulation of DNA double stias{308).

To investigate this hypothesis, transgenic mice predisposed for amyloid plaque deposition were
employed: (a) ta R1.40 mice with the overexpression of APPSwe mutation of six to eight copies and

(b) the APP/PS1 mice with both the overexpressiohRPSwe mutation and the presenilihmutated
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gene responsible for amyloid cleavage choice of using both R1.40 an®@R/PS1 mice is tstudy

the effects of demyelination during differéetelsof amyloidosis. While R1.40 exhibit diffuse amyloid
plagues at 14 months due to its mutation only in the APP (@&3¢ APP/PS1 exhibit plagues as early

as 6 months as it contains both mutations of the APP and PS1(2@BeBy employing both genotypes

at approximately the same age, we may study the effects of demyelination dependent of proximity to
detectable amyloidosis. The mutation in R1.40 promotes the increase in amyloid burden without
influencing the amyloid pathway@10). In contrast the extra PS1 mutation in APP/PS1 promotes the
amyloidogenic pathway as it results in a partial loss of function in the ganurease, an enzyme
making the cleavage to produce amyibieta, resulting in an accumulation of the amylogda 42
peptide(311, 312, 313)Additionally, cognitive impairments correlating to amyloid deposition are seen
by 21 months in R1.40 and 9 months in APP/PHHY). Both mice cohorts were subjected to 4 weeks

of cuprizone treatment, an acute demyelinating diet before subjection to memory -taaz€),
radiological assessment with MRind cellular and protein analysis. Results were collected to analyse

the cognitive function, axonal and myelin integrity, and cellular changes, respectively.

Amyl oid plaque deposition is the hall marsis of Al z
still unknown, but its appearance is correlated with neurodegeneration such as neuronal loss, myelin
loss, and cognitive decline. However, one of the first signs of neurodegeneration is myelin loss seen as
early as 35 years ol@3). Indeed, the loss of myelin is random among the population similarly to the
onset of Al zhei mer ds. Recent research supported
demyelinating mice mod¢B15). As such, we propose that more severe myelin loss could contribute to

the onset of Al zheimerbs by af filieemoninvagive MRifot oi d d e

early detection of myelin change to analyse the

3.2 Effect of APP on weight
The mass of all mice was weighed before sacrifice to investigate physical manifestations of either

genotypic or dietargifferenceqFigure 10) First, strains with the control diet are compared. The WT

weighs a mean of 28.1g. In comparison to WT, the R1.40, a transgenic model for the overexpression of
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the APP gene, weighs 32.8g, a 15.4% increase (p=0.1819). However RHeSAPa transgenic model
for both the overexpression of the APP gene and mutation of the PS1 gene, weighs a mean of 24.9q, a
12.5% decrease compared to WT (p=0.1296). While neither comparison with WT yields significance,

the comparison of R1.40 and APP1Rhibits a 24.2% decrease in weight of the APP/PS1 (p=0.0025).

Investigation into a diet change to CPZ shows little developments of all three genotypes. While the WT
maintains a mean weight of 29.6g, a minimal 4.2% increase (p=0.9437), R1.40 shbws.gHg
decrease to 30.0g (p=0.8589), and APP/PS1 shows 9.8% increase to 28.0g (p=0.5606). Among the
genotypes with CPZ, there is no significant differences in weight. Physically, the three genotypes of
mice show minimal change in weightS8omparison of3- and 4month WT shows no significant
difference between their ages, suggesting minimal weight changes within this month. As such, weight
differences among genotypes represent a genalgpendent change instead of -agpendent.
According to weight and olbsved motor skills, the ormonth difference between 3 and 4 months show

no physiological difference. A rotary rod could provide a more detailed observation of the motor skills
of the transgenic mice. While the R1.40 mice has not been tested with theadiahe APP/PS1 strain

has shown no motor skill deficits at all ages but significant cognitive deficits wit82§e317)
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Weight Comparison of fAD Mice
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Figure 10: Male mice treated with control or CPZ diets between the ages of 3 and 4 months were
weighed before sacrifice. Significant differences ofivay ANOVA in weight among genotype and
diet are indicated by asterisks: **p < 0.0All values are of twavay ANOVAmean + SEM(WT-CON,

n=8; WT-CPZ, n=8; R1.46CON, n=3;R1.46CPZ, n=3 APP/PS1CON, n=7; APP/PSILPZ, n=7).
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3.3 DKI of fAD predisposed mice model

3.3.1 DKI comparisons of control diet mice
The fAD cohort of mice (R1.40 and APP/PS1) weeated with CPZ diet for 4 weeks before sacrificed.

The intrinsic neurological diffusivity effects of each genotype were first observed under control diet to
see the effects of amylelthsed mutations on white matter diffusivity. Genotypes undergoingotont
diets were first analysed among three grey matter regions (neocortex, anterior cingulate, and
hippocampus) and three white matter regions (genu, external capsule, and cindudumre 11)
Neocortical FA show gradual increase from the posterior terian brain. In addition, FA shows
significant increases, especially in the anterior Bregma 2.70, in APP/PS1 compared to WT (+24.8%,
p=0.0062) and R1.40 (+26.2%, p=0.04(Rgure 12) Correspondingly, APP/PS1 continues to show
anisotropic diffusivity thoughout the neocortex with decreased RD against WT and with significance
compared to R1.4(Figure 18) However, AxD trends show decreased WT diffusivities compared to
both fAD genotypes. Between R1.40 and APP/PS1, though, APP/PS1 exhibits continuoed Aoxizer
(Figure 24) This less diffusive status is further exemplified in MD with APP/PS1 showing significantly
decreased values against R1.40 at Bregh24. (11.3%, p=0.0053) and Bregma 2.09.6%, p=0.025)

(Figure 30) Further isolation of the neocoxtento anterior cingulate shows no statistical significance.
Observation of its Bregmbased graph shows abrupt drop in FA at Bregrl (Figure 13) Overall
directional diffusivity against WT shows increased diffusivity of R1.40 but decreased diffusivit
APP/PS1Similarly, to the neocortex, APP/PS1 shows lesser RD among genotypes with significance
against R1.40 at Bregm#®.21 €¢9.7%, p=0.024) and 2.0610.9%, p=0.0126)Figure 19) AxD
continues to show decreased diffusivity of APP/PS1 companativéVT and R1.4QFigure 25) This

pattern is further emphasized in MD where global APP/PS1 values are consistently significantly
elevated against R1.40. Investigation of the hippocampus, though, show no such (Fignges4

20, 26, and 32. Grey mattr analysis suggests the diffusive toll of the R1.40 APP mutation as more
drastic than WT and APP/PSL1. Surprisingly, the addition of the PS1 mutation seems to prevent more
severe white matter diffusion as APP/PS1 consistently shows higher FA and loatomieliffusion.

At this young age, white matter alterations, while undetectable in the hippocampus, has already surfaced

in the fAD mice.
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With such differences in the grey matter, the white matter was then analysed to find similar changes.
First, WT anerior genu at Bregma 2.70 exhibited drastic FA reductions compared to RAS4EA,
p=0.0543) and significantly to APP/PS#Q.0%, p=0.0035]Figure 15) The posterior genu showed

no such difference with much of the FA values overlapping. In contrasgri@DAXD shows severe
R1.40 reductions in Bregm.21 against WT-23.8%, p<0.0001 arn®8.8%, p<0.0001, respectively)

and APP/PS1-22.6%, p<0.0001 and®4.2%, p<0.0001, respectivelifigure 21and 27. Altogether,

in Bregma-0.21, effects of R1.40nutations exhibited severe significant increases of MD while
APP/PS1 mutations exhibited significant decreases, yet other Bregmas showed no sucfirichaege

33). Continued analysis of the white matter tract showed no FA changes in the external capsgle a
genotypes. However, directional diffusivity analysis shows significant elevations of R1.40 diffusivities
and significant reductions of APP/PS1 diffusivities in Bregh&5 and-0.21 (Figure 23) Likewise,

this pattern is observed in the cingulum. @akogether, the intrinsic influences of fAD mutations

suggest the adverse effects eifoduting BS1met&ionmhowsat i on .

protective influences on white matter diffusivity.
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Figure 11. All mice brains were imaged coronally accordingly to t
Bregmas, or coronal cross sections (A). Representatives of each Bre
presented as Feighted images starting from the posterior (B). Reg
analysis is segregated according to sevesoaiated Bregmas ({J indicatinc
ROIls: cortex (red), anterior cingulate (green), hippocampus (orange),
(violet), external capsule (white), and cingulum (pirnkhes segregating tl
brain coronally were done in reference to the Allen mice brairsalach lin
is an approximate 1mm apart with figures tL€howing MRiacquired T2
weight images representing lines 8 to 1, respectively.
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3.3.2 DKI comparisons of cuprizone diet mice
Mice were then treated with the acute demyelinating diet, CPZ, to see if genetic mutations would

accentuate or minimize the effectgdeimyelination. Here, only the CPZ treated mice will be compared.
FA comparisons of the neocortex show consistent increases from posterior to anterior brain with
significant increase in Bregma 2.70 of APP/PS1 compared to WT (+27.7%, p=QBig@®¢ 12) This
difference is also found in RB1(1.3%, p=0.0022)Figure 18) In the anterior cingulate, the drop in FA
Bregma-0.21 is consistent with the control diet with minimal changes among modéfitipse 13)

In contrast, the hippocampus exhibits significicreases of R1.40 directional diffusivity in Bregma

1.35 and decreases of APBS1(Figure 14) The effects of CPZ does not seem to drastically alter grey

matter diffusivities in the young mice brain, but the more diffusive effects in the R1.40 ismtppa

Analysis of white matter tract shows similar effects of fAD mutations. In the genu, the posterior
Bregmas-1.35 and-0.21 show increased APP/PS1 FA compared to R1.40 (+33.9%, p=0.0157) with
minimal effects with WT. With R1.40, even though it does wield significance, R1.40 shows
substantial decrease of FA compared to WT in the posterior bedi8%o, p=0.0805]Figure 15)
Conversely, directional diffusivity values for APP/PS1, while comparable to WT, exhibits elevations
against R1.40 especialiy Bregma 0.80. Regarding the external capsule, the WT and R1.40 curves of
RD, AxD, and MD are similar from Bregmd.35 t0-0.21 with the APP/PS1 maintaining lowered
diffusivity (Figure 2329, and 33. In Bregma 0.80, R1.40 makes a sudden drop |onaar both WT

and APP/PS1, though yielding no significar{fEégure 27) Further analysis of the cingulum shows
insignificant diffusivity modalities. However, while directional diffusivities show positional increase
from Bregma-1.35 to 0.80 in WT and APP/RS br ai ns, R1.40 consistently
having peaked values .21 (Figure 28) White matter tract changes are not as apparent as ones found
in the grey matter, but in both regions, APP/PS1 consistently shows anisotropic diffusivity with

increased FAs and decreased RD, AxD, and MDs.

Independent investigations of diet suggest discernible changes of diet in intrinsic genetic alterations to

brain diffusivity. Under both control and CPZ diets, the two fAD model mice exhibit polarized
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influences. The R1.40 model, containing only the overexpressed APP mutation, consistently shows
lower FA and increased RD, AxD, and MD when compared to both WT and APP/PS1. Nevertheless,
the APP/PS1 model, containing both an overexpressed APP and PS1 mutatiotheslopposite,
increased FA and decreased RD, AxD, and MD when compared to WT and R1.40. In the control diet,
these effects are more apparent in the grey matter, suggesting geteppgpelent changes could induce

a considerable toll on the brain. The aiaitof CPZ, though, reduced the number of changes among
genotypes even though in some regions this polarizing influence is still present. Next, independent
genotypes will be analysed for differences based on diet to understand if individual genotypes would

produce different diffusivities with different demyelination status.

3.3.3 DKI comparisons of WT mice
By evaluating the differences in diffusivity between control and CPZ diet in WT, the normal effects of

CPZ on control mice would be realized to setblaseline of demyelination in transgenic mice. At first
glance, there is a clear elevation of neocortical FA in CPZ treated WT among all Bregmas, specifically
-0.21 (+33.3%, p=0.0661) and 0.80 (+24.1%, p=0.21BMure 12) RD dietbased analysis shows
10.95% decrease in control diet compared to only 6.76% decrease in CPZ from Bt&¥pta 2.70

with no significance per Bregn{&igure 18) Similarly, AXD and MD show higher values in CPZ with

no significancgFigure 24and 3Q. Anterior cingulate valuealso show insignificant increases of both

FA and directional diffusivitiegFigure 13) Interestingly, in the hippocampus, there is widespread
increase of FA across Bregmas with significance2d0 (+29.6%, p=0.04(Figure 14) However,
minimal differen@s are found in the other modalities. Grey matter shows an overall increase in FA and

all diffusivities.

In the genu, there is a decrease in FA of both control and CPZ diet with overlappind Figjues15)

At Bregma 0.80, directional diffusivitieall show peak values of CPZ diet surpassing other Bregmas
with RD showing significance (+11.6%, p=0.04%B)gure 21) The external capsule in both control
and CPZ diet shows a similar consistent FA increase from Bret®a to 0.80Figure 17) While

insignificant, at Bregma0.21, both treatments exhibited a peak across RD, AxD, and MD. Further
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investigation into the white matter tract shows unchanged FA with overall elevated diffusivities in CPZ
mice. Correspondingly, the white tter tract displays increased diffusivities across all regions

comparable to grey matter.

3.3.4 DKI comparisons of R1.40 mice
R1.40 mice exhibited overall higher diffusivities when compared with WT and APP/PS1 in both control

and CPZ diet.rterestingly, the influence of CPZ is unlike that of WT. Regarding grey matter, the
neocortical FA of both treatments sees similar increases from posterior and anterior brain with a similar
level as WT. However, R1.40 RD levels are noticeably higher cadpgarWT. Moreover, the effects

of CPZ seems to reduce directional diffusivities in the R1.40 model. All neocortical diffusivity
modalities show lower levels of diffusion in the CPZ mice, contrasting that of théFydre 12 18,

30). At the anterior cinglate, CPZ mice show both FA linear decrease from Bregn®b to 2.00,
contrasting that of the levelled WT FA, and overall decreased levels with significance at Bdegfina
(-27.2%, p=0.0169)Figure 13) Likewise, RD, AxD, and MD values suggest lowdfudiivities in CPZ

mice (Figure 19 25, and 3}. In contrast, hippocampal FA, while unchanged, shows an increase in
directional diffusivitiegFigure 14) It seems the diffusivity of grey matter in R1.40 exhibits an inverse
relationship to WT, having lowaetliffusivities across the neocortex and anterior cingulate while having
increased diffusivities in the hippocampus, suggesting distinct mechanisms between these two grey

matter regions.

However, regions of the white matter tract seem to react differeniGPZ. In the genu, while FA
generally shows lowered values in CPZ, RD, AxD, and MD show decreased Kgale 1521, 27).
Previously in WT, peaks in RD and AxD could be seen in Bregma 0.80. However, R1.40 mice of both
diets exhibit these peaks-8t21, instead. Specifically in AxD, Bregra@ 21 and 0.80 shows significant
decreases of CPZ micelb.8%, p=0.0311:17.4%, p=0.0257, respectivelffigure 27) As such, MD

shows a corresponding decrease at Bre@h®d ¢14.4%, p=0.0456]Figure 33)
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3.3.5 DKI comparisons of APP/PS1 mice
APP/PS1 mice were previously shown to have higher FAs and lower RDs, AxDs, and MDs. Here, the

effects of diet are analysed to understand of the APP and PS1 mutations would produce similar
consequences as WT or R1.400blertical FA follows identical increasing trend as WT and R1.40 with

minimal differences between digtigure 12) Directional diffusivities all show overall elevated values

in CPZ treated mice with significance in Bregma 0.80 (+8.2%, p=0.04%¢)re 30) The anterior

cingulate exhibits similar values in all modalities, but at Bregrial, FA shows the same consistent

sharp decrease as WT and R1(Bigure 13) Interestingly, the influence of CPZ in the hippocampus
increased itsliffusivities while keeping FA unchang€Bigure 14) This result is similar to R1.40 yet
detracts from WT6s unaltered diffusivity. APP/ P
anal ysed cortical regi ons c¢ o miheincradsd irehippooam@BRIiZ 6 s e f
comparable to R1.40. This difference continues t

other grey matter regions.

Genu FA shows sharp significant decrease of CPZ mice at Brégia(23.9%, p=0.0021jFigure

15). RD levels show similar peak of both control and CPZ diet with CPZ showing significant increase
similar to WT at Bregma 0.80 (+13.9%, p=0.00@+gure 21) This peak is continuously expressed in
AxD (+11.8%, p=0.0147) and MD (+12.9%, p=0.00ZE)gure 27 and 33. Regarding the external
capsule and cingulum, neither FAs show significant differences between control and QiFgydiet

16 and 17. Both regions exhibit significantly increased RD at Bregma 0.80 with external capsule
showing an increase ofLI7% (p=0.0096) and cingulum of 12.1% (p=0.02Fyure 23) However,

the cingulum is the only one showing increased AxD, also at Bregma 0.80 (+13.6%, p=(Fiflir@)

28). MD, though, show elevated levels of both external capsule (+10.1%, p=0.0238nguldim
(+12.8%, p=0.0011fFigure 35 and 33)Interestingly, this pattern in the white matter tract regions
parall el that of WT and diff er -0i2L, suggesRirigthddifécs el e v

of CPZ may be region based dependingh@ngenotype of the model.
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The influence of CPZ, and ultimately, demyelination, seems to differ depending on abadeidigene
mutation statuses. Investigation into WT and APP/PS1 shows that CPZ significantly elevates diffusivity
in grey and white matteegions. Some regions, such as the neocortex and genu, are more susceptible
to the diet change as seen with more significantly altered diffusivities while other regions, such as the
anterior cingulate and external capsule, exhibit less changes. Eveh t88Z does produce similar
changes within genotypes, cragpe analyse does show overall higher FA and lower RD, AxD, and
MD in APP/PS1, suggesting protective effects of the two mutations. However, the R1.40, harbouring
only the overexpressed APP mutati@xhibits opposite trends compared to WT and APP/PS1. The
R1.40 model treated with CPZ exhibits decreased diffusivities among all modalities. In addition,
consistent sharp increases in diffusivities at Bregbr2l and 0.80 suggest possible vulnerabgiin

these regions. Altogether, this analysis shows that the demyelinating effects of CPZ varies depending
on genotype. As represented, it is possible that even though mutations of APP and PS1 may cause fAD,
having both mutations at the same time may reeancelling effect as this study shows the lesser

diffusive APP/PS1 brain.

3.3.6 DKI comparisons of APP overexpression and PS1 control treatment mice
To further show the differing effects of the presence of the PS1 mutation, R1.40 and ARRI®S1

with control diet will first be compared. FA and AxD show no significant changes within the three grey
matter regions. As suggested previously, APP/PS1 exhibits significantly lower diffusivities in multiple
Bregmas of the grey matter. In the white ragtwhile FA remains unchanged in all regions, directional
diffusivity modalities show similar significant decreases of APP/PS1. In some regions, such as the genu,
the MD decrease is as low as 58.1% (p>0.0001) at Bre@@K Figure 33) These alteratianimplicate

that the overexpression of APP alone could drastically create a more diffusive white matter. The

addition of the PS1 mutation may be beneficial towards preventing diffusive structures in the brain.

3.3.7 DKI comparisons of APP overexpressiaorda@S1 cuprizone treatment mice
By changing the diet to CPZ, the diffusivity changes between R1.40 and APP/PS1 become less.

Interestingly, the significant changes are no longer in both grey and white matter. The cortical regions
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remain unchanged while the hippocampus, RD and MD values at Bregfin85 show decreases of
16.6% (p=0.0088) and 17.4% (p=0.0059), respectiffetyure 20) In the white matter, both genotypes
exhibit contrasting changes depending on the previously mentioned BreQraasnd B0. The genu

and cingulum exhibit significant changes while the external capsule remains consistent between
genotypegFigure 15) The CPZ diet does not seem to affect the diffusivities of R1.40 and APP/PS1
severely. Conversely, it is possible CPZ convertiee diffusivity changes between APP and PS1

mutated mice.

The influence of the APP mutation alone seems to induce higher diffusivities without the need of the
PS1 mutation nor demyelinating CPZ. Interestingly, the addition of PS1 seems tseakffeaivity

in the brain. In addition, Bregm®.21 and 0.80 seems to be more vulnerable to both genotypic and
dietbasedchanges, even against WiWhile there are Bregmbased differences, this does not indicate

different forms of myelin as they still represent the same cerebral region.
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Fractional Anisotropy of Cortex
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Figure 12 The cortical FA of genotyp and diet groups were analysed for changes in anisotropic
diffusion of water of white matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All values are of tweay ANOVA mean + SEMtatistically significant starare color

coded according to transgenic genotype against WT. *p<0.05; *p<qQWI-CON, n=8; WT-CPZ,

n=8; R1.46CON, n=3; R1.46CPZ, n=3; APP/PS1CON, n=7; APP/PSILPZ, n=7).
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Fractional Anisotropy of Anterior Cingulate
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Figure 13 The anterior cingulate FA of genotypic and diet groups were analysed for changes in
anisotropic diffusion of water of white matter in the mice brain. Genotypes are individually grouped to
observe the effect of diet. All valuae of tweway ANOVA mean + SENbtatistically significant
hashesare colorcoded according t&€PZ change against COMp<0.05.(WT-CON, n=8; WT-CPZ,

n=8; R1.46CON, n=3; R1.46CPZ, n=3; APP/PS1CON, n=7; APP/PSILPZ, n=7).
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Fractional Anisotropy of Hippocampus
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Figure 14: The hippocampal FA of genotypic and diet groups were analysed for changes in anisotropic
diffusion of water of white matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All values are of twaay ANOVA mean + SEtatistically significant hashes are color
coded according to CPZ change against CON. #p<Q\@4-CON, n=8; WT-CPZ, n=8; R1.46CON,

n=3; R1.46CPZ, n=3 APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Fractional Anisotropy of Genu
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Figure 15 The genu FA of genotypic and diet groups were analysed for changes in anisotropic diffusion
of water of white matter in the mice brain. Genotypes are individually groupssstove the effect of

diet. All values are of twavay ANOVA mean + SENbtatistically significant stars are colamoded
according to transgenic genotype against Wp<0.01. Statistically significant hashes are color
coded according to CPZ change agai@€N. #p<0.01. (WT-CON, n=8 WT-CPZ, n=8; R1.46CON,

n=3; R1.46CPZ, n=3 APP/PS1CON, n=7; APP/PSXLPZ, n=7).
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Fractional Anisotropy of Cingulum
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Figure 16: The cingulum FA of genotypic and diet groups were analysechmmges in anisotropic
diffusion of water of white matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All values are of tweay ANOVA mean + SENWT-CON, n=8 WT-CPZ, n=8; R1.40

CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Fractional Anisotropy of External Capsule
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Figure 17. The external capsule FA of genotypic and diet groups were analysed for changes in
anisotropic diffusion of water of white matter in the niicain. Genotypes are individually grouped to
observe the effect of diet. All values are of-imay ANOVA mean + SENWT-CON, n=8 WT-CPZ,

n=8; R1.46CON, n=3;R1.46CPZ, n=3 APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure 18 The cortical RD of genotypic and diet groups were analysed for changes in perpendicular
diffusion of water of white matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All values are of twway ANOVA mean + SENBtatistically significant stars are color
coded according to transgenic genotype against WT. *p<0.05; *p<qQWI-CON, n=8 WT-CPZ,

n=8; R1.46CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSILPZ, n=7).
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Figure 19: The anterior cingulate RD of genotypic and diet groups were analysed for changes in
perpendicular diffusion of water of white matter in the mice bi@enotypes are individually grouped

to observe the effect of diet. All values are oftvay ANOVA mean + SENWT-CON, n=8 WT-CPZ,

n=8; R1.46CON, n=3;R1.46CPZ, n=3 APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure 20: The hippocampal AxD of genotypic and diet groups were analysed for changes in axial
diffusion of water of white matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All valueare of tweway ANOVA mean + SEMtatistically significant stars are color
coded according to transgenic genotype against WT. *p<@ffistically significant hashes are color
coded according to CPZ change against CON. #p<Q\@4-CON, n=8 WT-CPZ, n=8;R1.40CON,

n=3; R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSXLPZ, n=7).
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Figure 21: The genu RD of genotypic and diet groups were analysed for changes in perpendicular
diffusion of water ofvhite matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All values are of tweay ANOVA mean + SENBtatistically significant stars are color
coded according to transgenic genotype against®p<0.0001. Statistcally significant hashes are
color-coded according to CPZ change against CON. #p<0.05; ##p<QWI-CON, n=8 WT-CPZ,

n=8; R1.46CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSILPZ, n=7).
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Figure 22: The cingulum RD of genotypic and diet groups were analysed for changes in perpendicular
diffusion of water of white matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All values are ai-way ANOVA mean + SENBtatistically significant stars are color
coded according to transgenic genotype against WT. ****p<0.0001. Statistically significant hashes are
color-coded according to CPZ change against CON. #p<Q¥WA-CON, n=8 WT-CPZ, n=8; R140

CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure 23 The external capsule RD of genotypic and diet groups were analysed for changes in
perpendiculadiffusion of water of white matter in the mice brain. Genotypes are individually grouped
to observe the effect of diet. All values are of-tvay ANOVA mean + SENtatistically significant

stars are colorcoded according to transgenic genotype against #30.05; **p<0.01. Statistically
significant hashes are colaroded according to CPZ change against CON. ##p<@@T-CON, n=8
WT-CPZ, n=8; R1.46CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSILPZ, n=7).
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Figure 24: The cortical AxD of genotypic and diet groups were analysed for changes in axial diffusion
of water of white matter in the mice brain. Genotypes are individually grouped to observe the effect o
diet. All values are of twavay ANOVA mean + SENbtatistically significant stars are colamoded
according to transgenic genotype against WT. *p<O(@BT-CON, n=8 WT-CPZ, n=8; R1.46CON,

n=3; R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSXLPZ, n=7).
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Figure 25: The anterior cingulate AxD of genotypic and diet groups were analysed for changes in axial
diffusion of water of white matter in the mice brain. Genotypes are individyrallyped to observe the
effect of diet. All values are of tweay ANOVA mean + SENBtatistically significant stars are color
coded according to transgenic genotype against WT. *p<@WI-CON, n=8§ WT-CPZ, n=8; R1.40

CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure 26. The hippocampal RD of genotypic and diet groups were analysed for changes in
perpendicular diffusion of water of white matter in the mice brain. Genotypes are individually grouped
to observe the effect of diet. All values are oftvay ANOVA mean + SENWT-CON, n=8 WT-CPZ,

n=8; R1.40CON, n=3;R1.46CPZ, n=3 APP/PS1CON, n=7; APP/PS1CPZ, n=7).
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Figure 27: The genu AxD of genotypic and diet groups were analysed for changes in axial diffusion of
water of white matter in the mice brain. Genotypesiadévidually grouped to observe the effect of
diet. All values are of twavay ANOVA mean + SENbtatistically significant stars are colamoded
according to transgenic genotype against WT. **p<0.01; ****p<0.0001. Statistically significant
hashes are colecoded according to CPZ change against CON. #p<Q(@B-CON, n=8 WT-CPZ,

n=8; R1.46CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSILPZ, n=7).
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Figure 28 The cingulum AxD ajenotypic and diet groups were analysed for changes in axial diffusion

of water of white matter in the mice brain. Genotypes are individually grouped to observe the effect of
diet. All values are of twavay ANOVA mean + SENbtatistically significant stargre colorcoded
according to transgenic genotype against WT. *p<0*05p<0.0001. Statistically significant hashes

are colorcoded according to CPZ change against CON. ##p<QI-CON, n=8 WT-CPZ, n=8;
R1.40CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7% APP/PS1CPZ, n=7).
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Figure 29: The external capsule AxD of genotypic and diet groups were analysed for changes in axial
diffusion of water of white matter in the mice bra@enotypes are individually grouped to observe the
effect of diet. All values are of tweay ANOVA mean + SENBtatistically significant stars are color
coded according to transgenic genotype against WT. *p<0.05; ***p<0.00T-CON, n=8 WT-CPZ,

n=8; R1.46CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSILPZ, n=7).
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Figure 30: The cortical MD of genotypic and diet groups were analysed for changes in mean diffusion
of water of whitamatter in the mice brain. Genotypes are individually grouped to observe the effect of
diet. All values are of twavay ANOVA mean + SEMtatistically significant hashes are colooded
according to CPZ change against CON. #p<0.0T-CON, n=8 WT-CPZ, n=8 R1.4GCON, n=3;
R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure 31 The anterior cingulate MD of genotypic and diet groups were analysed for changes in mean
diffusion ofwater of white matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All values are of tweay ANOVA mean + SENBtatistically significant stars are color
coded according to transgenic genotype against WT. *p<@W3CON, n=8 WT-CPZ, n=8; R1.40

CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure 32 The hippocampal MD of genotypic and diet groups were analysed for changes in mean
diffusion of water of white matter in the mice brain. Genotypes are individually grouped to observe the
effect of diet. All values are of tweay ANOVA mean + SEMtatistically significant stars are color
coded according to transgenic genotype againstA\p<0.05. Statistically significant hashes are color
coded according to CPZ change against CON. #p<Q\@4-CON, n=8 WT-CPZ, n=8; R1.46CON,

n=3; R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSXLPZ, n=7).
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Figure 33: The genu MD of genotypic and diet groups were analysed for changes in mean diffusion of
water of white matter in the mice brain. Genotypes are individually grouped to observe the effect of
diet All values are of twavay ANOVA mean + SENbtatistically significant stars are colamoded
according to transgenic genotype against WT. **p<0.01; ***p<0.001; ****p<0.0001. Statistically
significant hashes are colaoded according to CPZ change agai@€N. #p<0.05(WT-CON, n=8
WT-CPZ, n=8; R1.46CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSILPZ, n=7).

103



Mean Diffusivity of Cingulum

0.0008— Control Cuprizone
= - WTCON
S 0.00074 # -e- WTCPZ
2 I8 —~ R140CON
= ,’ \'/ A
% 0.0006 Rl ¢ RI40CPZ
= é "% —— APPPS1CON
a ’ ’
S 0.0005- ---§ -e- APPPS1CPZ
(O]
=
0.0004-1— . . . . .
O N I R
RPN @
Bregma

Figure 34: The cingulum MD of genotypic and diet groups were analysesh&orges in mean diffusion

of water of white matter in the mice brain. Genotypes are individually grouped to observe the effect of
diet. All values are of twavay ANOVA mean + SENbtatistically significant stars are colamoded
according to transgenic getype against WT. ****p<0.0001. Statistically significant hashes are color
coded according to CPZ change against CON. ##p<@W@I:CON, n=8 WT-CPZ, n=8; R1.46CON,

n=3; R1.46CPZ, n=3 APP/PS1CON, n=7; APP/PSXLPZ, n=7).
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Figure 35. The external capsule MD of genotypic and diet groups were analysed for changes in mean
diffusion of water of white matter in the mice brain. Genotypefdieidually grouped to observe the
effect of diet. All values are of tweay ANOVA mean + SENBtatistically significant stars are color

coded according to transgenic genotype against WT. *p<0.05; **p<0S3atistically significant
hashes are colecodedaccording to CPZ change against CON. #p<0.04T-CON, n=8 WT-CPZ,

n=8; R1.46CON, n=3;R1.40CPZ, n=3 APP/PS1CON, n=7; APP/PSILPZ, n=7).

105



3.4  Analysis of myelin and OL populations

3.4.1 Immunohistochemistry and western blot of R1.40
The study oMRI-detected diffusivity solidly suggests R1.40 having higher diffusivity among regions

of both grey and white matter Bregma 0.8As a result, immunohistochemistry (IHC) of the afflicted
regions was done to understand the cellular influences the geramiglihe diet has on OLs and myelin.

Two main regions, anterior cingulate and genu, were selected for analysis of two OL lineage markers,
Olig2 for gross OL population and ASPA for mature OL (mOL) due to their sensitivity in the DKI

analysis

First, themar ker f or amyl oid plaques (6E10) was wused
amyloid deposition not present in C57BL/6 m{€égure 36A, 36B, 36C, 36D, 36E, and 36While

R1.40 mice show apparent presence 6E10 compared to WT, the differeiatalid dot show changes

in protein levels. To correlate with the DKI analysis, proteins representations for myelin, MBP and
MAG, are analysed. Unexpectedly, MBP levels did not show changes between genotype and diet
(Figure 36G)In contrast, MAG levels stw significant reductions in WT with CPZ compared to control

diet (-50.4%, p=0.0274) but no change in R1@dgure 36H) These results indicate a detailed
mechanism of myelination that is broken down into independent roles of different myelin proteins. Th
tightening of the myelin sheath enforced by MBP suggests lesser influence by CPZ while the attachment

of the mOL with the axon coordinated by MAG may be more significantly impacted.

One hypothesis for the reductions of OLs is the accumulation of DNAagntausing cell death.
While the mechanism of the reduction is not part of the study, the quantifications of the DNA damage
marker, 53BP1, may lay the base work for future s{lrilyure J). First, neuronal quantification was
done with neuron marker, NEy to look for fluctuations of neuron numbers due to genotype or
demyelinatior(Figure 3'A). Cortical neuron numbers show no change in NeuN+ ne(fange JE).
Co-staining of 53BP1 with NeuN also shows no alteration of DNA damage puncta in Neu(Rigeils

37F). Interestingly, a high percentage of NeuN+ cells exhibit 53BP1 (between 70% tqFaQUse

37G). The difference seen ifigure 3% is statistically significant as the mean of V\EDN is
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approximately 95% of all neurons have DNA damage whiléHerother genotype and treatment are

close to 100%This high percentage seen in neurons is caused by high levels of oxidative stress due to
their higher | evels of oxidative phosphoryl atio
(318). While this kind of stress is toxic to many cells in the nervous sy&#®8) neurons require DNA

damage to accommodate for neural plasticity, aiding in neuronal maturation and main{@2ance

321) However, the biological difference between 95% and 100% is insignificance as the 5% difference
could be accounted for by analytical errdrbus, it is believed that neuron swability may not by

acutely affected by the demyelination event nor accumulation of DNA damage.
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Figure 37: The first column showthe colocalization of neurons stained with NeuN
DNA damage marker 53BP1 in the anterior cingulate (A). Graphical representa
shown B-D) where neuronal number positive for 53BP1 is relatively unchanged.
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3.4.2 Immunohistochemistry for OLs and myelin in APP/PS1
To understand the distribution of effects within the brain, three grey matter (anterior cingulate, motor

cortex, and somatosensory cortex) and three white matter (genu, cingulum, and extstia).dap
addition, one myelin marker (PLP), four OL lineage markers (Olig2, Nkx2.2.;8€C, and ASPA),

and one DNA damage marker (53BP1) will be used to find correlations of these three factors in the
amyloid-depositing and demyelinating brain. In th®RAPS1 mice cohort, PLP is first used to stain
myelin fibres Myelin densities were calculated with IHC of PLP. Myelin fibre density refers to the area
of DAB-stained myelin with PLP divided by the total annotated area. The density is the percentage of
area with PLP+ myelin over the total annotated area. Even though no statistical significance with one
way ANOVA was found between control and cuprizone treatment of PLP densities to indicate
demyelination, acquired images show fewer PLP+ myelin fibres focupgzone treatment&rey

matter myelin fibres of the control diet show no significant change among the régigme 3840).

With CPZ diet, APP/PS1 show a decrease in myelin content in all three regions. However, this trend is
not present in the whiteatter regions of either genotype or digiggure 4.-43). Interestingly, this is
inconsistent with the lower diffusivities found in DKI as there is apparent demyelination in the APP/PS1

brain.
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Figure 38: Chromogenic immunohistochemistry using the myelin marker, PLP, reveals the myelin fibre
within the anterior cingulate. Images of the region of interest based on genotype and dieeglesgntativ
densities of the myelin fibres (A). Quantifications based on the positive pixels of PLP per mm2 are show
same diets (B). All values are of tma@y ANOVA mean + SENWTCON, n=4; WFCPZ, n=4; APP/PSICON
n=7; APP/PS1CPZ, n=7).
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Figure 39: Chromogenic immunohistochemistry using the myelin marker, PLP, reveals the myelin fibre
within the motor cortex. Images of the region of interest based on genotype and diefsheentative densiti
of the myelin fibres (A). Quantifications based on the positive pixels of PLP per mm2 are shown betw
diets (B). All values are of twway ANOVA mean £ SENWT-CON, n=4; WFCPZ, n=4; APP/PSILCON, n=7

APP/PS1CPZ, n=7).
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Figure 40. Chromogenic immunohistochemistry using the myelin marker, PLP, reveals the myelin fibre
within thesomatosensory cortex. Images of the region of interest based on genotype and diet show rep!
densities of the myelin fibres (A). Quantifications based on the positive pixels of PLP per mm2 are show
same diets (B). All values are of tw@y ANOVA mean + SEMWT-CON, n=4; WFCPZ, n=4; APP/PSI_ON

n=7; APP/PS1CPZ, n=7).
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Figure 41: Chromogenic immunohistochemistry using the mymlanker, PLP, reveals the myelin fibre dens
within the genu. Images of the region of interest based on genotype and diet show representative den:
myelin fibres (A). Quantifications based on the positive pixels of PLP per mm2 are showanisstme diets (E
All values are of twavay ANOVA mean £+ SENWT-CON, n=4; WFCPZ, n=4; APP/PSICON, n=7; APP/PS:
CPZ, n=7).
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Figure 422 Chromogenic immunohistochemistry using the myelin marker, PLP, reveals the myelin fibre
within the cingulum. Images of the region of interest based on genotype and diet show representative
the myelin fibres (A). Quantifications basanl the positive pixels of PLP per mare shown between same o
(B). All values are of twawvay ANOVA mean + SEMWT-CON, n=4; WFCPZ, n=4; APP/PSLON, n=7
APP/PS1CPZ, n=7).
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Figure 43. Chromogenic immunohistochemistry using the myelin marker, PLP, reveals the mye
densities within the external capsule. Images of the region of interest based on genotype and
representative densities of the myelin fibres (A). Quantifications based on the positive pixels of PLP
are shown between same diets (B). All values are eivayopANOVA mean + SENMWT-CON, n=4; WFCPZ

n=4; APP/PS1CON, n=7; APP/PSLTPZ, n=7).
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Quantification of OLs was then done to see if the effects of genotype and demyelination influenced the
cells or the myelin directly. Gross OL population stained with Olig2 show APP/PS1 mutation as
intrinsically harmful to OLs as grey matteegions of control diet show decrease in Olig2+ OLs
compared to WTFigure 4-46). This decrease is similar in CPZ, except at a lower level. In the white
matter tract regions, mice with control and CPZ diet independently show no change. However, a
compaison of the control diet and CPZ diet levels show decrease in Olig2+ cells of the demyelinated
genotypegFigure 4-49). Demyelination from CPZ has shown influence on OL numbers. Whether this
reduction is caused by an agonistic or maturation factor wilhbestigated with other OL lineage

markers.
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Figure 44: Chromogenic immunohistochemistry using the gross OL marker, Olig2, reveals fhepGlatior
within the anterior cingulate. Images of the region of interest based on genotype and diet show reprt
densities of the OL population (A). Quantifications based on the number of positive cells per mm2 ¢
between same diets (B).| Allues are of twavay ANOVA mean + SEMWT-CON, n=4; WFCPZ, n=4
APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure45: Chromogeniémmunohistochemistry using the gross OL marker, Olig2, reveals the OL populatiol
the motor cortex. Images of the region of interest based on genotype and diet show representative den:
OL population (A). Quantifications based on the nundieositive cells per mm2 are shown between same
(B). All values are of twavay ANOVA mean + SEMWT-CON, n=4; WFCPZ, n=4; APP/PSLON, n=7
APP/PS1CPZ, n=7).
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Figure 46. Chromogenic immunohistochemistry using the gross OL marker, Olig2, reveals the OL po
within the somatosensory cortex. Images of the region of interest based on genotype and diet show reg
densities oftie OL population (A). Quantifications based on the number of positive cells per mmz2 ar:
between same diets (B). All values are ofivaty ANOVA mean + SENWT-CON, n=4; WFCPZ, n=4; APP/PS:
CON, n=7; APP/PSICPZ, n=7).
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Figure47: Chromogenic immunohistochemistry using the gross OL marker, Olig2, reveals the OL populatic
the genu. Images of the region of interest based on genotypdietnshow representative densities of the
population (A). Quantifications based on the number of positive cells per mm2 are shown between sami
All values are of twavay ANOVA mean + SENWT-CON, n=4; WFCPZ, n=4; APP/PSICON, n=7; APP/PS:
CPZ, n=7).
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Figure 48: Chromogenic immunohistochemistry using the gross OL marker, Olig2, reveals the OL po
within the cingulum. Images of thegion of interest based on genotype and diet show representative den
the OL population (A). Quantifications based on the number of positive cells per mm2 are shown betw
diets (B). All values are of twaway ANOVA mean + S8E (WT-CON, n=4; WT-CPZ, n=4; APP/PSLON, n=7
APP/PS1CPZ, n=7).
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Figure 49: Chromogenic immunohistochemistry using the gross OL marker, Olig2, reveals prapadlhatior
within the external capsule. Images of the region of interest based on genotype and diet show rept
densities of the OL population (A). Quantifications based on the number of positive cells per mm2 ¢
between same diets (B). Athlues are of twavay ANOVA mean + SEMWT-CON, n=4; WFCPZ, n=4
APP/PS1CON, n=7; APP/PSICPZ, n=7).
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OL precursor cells (OPCs) were then stained with Nkx2.2 to see if the cellular chaamgagesult of
maturation complications. Within the grey matter, the motor cortex shows the most change in Nkx2.2+
cells in the APP/PS1 CPZ mice, exhibiting lowerednbars(Figure ®-52). In contrast, the white
matter tract shows more changes in Nkx2.2+ cell num@eagure 3-55). While the genu show
minimal differences, the cingulum shows significant reductions in Nkx2.2+ cells in WT CPZ mice
compared to WT controliet (-52.4%, p=0.0187]Figure %B). Concurrently, APP/PS1 mice show
similar decreases without yielding significance. In the external capsule, WT with CPZ exhibits
decreased Nkx2.2+ cells while other genotypes and diet remains levelled. It seems OPQ=% are m

vulnerable in the white matter tract compared to grey matter as more changes are observed.
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Figure 50: Chromogenidmmunohistochemistry using the immature OL marker, Nkx2.2, reveals the OL po
within the anterior cingulate. Images of the region of interest based on genotype and diet show reprt
densities of the OL population (A). Quantifications basedhennumber of positive cells per mm2 are st

between same diets (B). All values are oftveay ANOVA mean + SENWT-CON, n=4; WFCPZ, n=4; APP/PS:
CON, n=7; APP/PSLPZ, n=7).
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Figure 51: Chromogenic immunohistochemistry using the immature OL marker, Nkx2.2, reveals the OL
population within the motor cortex. Images of the region of interest based on genotype and diet show
representative densities of tld population (A). Quantifications based on the number of positive cells pe

mm2 are shown between same diets (B). All values are afaw@NOVA mean + SENMWWT-CON, n=4; WT
CPZ, n=4; APP/PSLON, n=7; APP/PSICPZ, n=7).
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Figure 52. Chromogenic immunohistochemistry using the immature OL marker, Nkx2.2, reveals
population within the somatosensory cortex. Images of the region of interest bagghotype and diet shc
representative densities of the OL population (A). Quantifications based on the number of positive cells

are shown between same diets (B). All values are ofitayp ANOVA mean = SEMVT-CON, n=4; WTCPZ
n=4; APP/PS1CON, n=7; APP/PSLPZ, n=7).
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Figure 53 Chromogenic immunohistochemistry using the immature OL marker, Nkex2e2|s the OL population witt
the genu. Images of the region of interest based on genotype and diet show representative densities of the Ol
(A). Quantifications based on the number of positive cells per mm2 are shown between same diet@l{R)s Are ¢
two-way ANOVA mean + SENWT-CON, n=4; WFCPZ, n=4; APP/PSICON, n=7; APP/PSICPZ, n=7).
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Figure 54: Chromogenicimmunohistochemistry using the immature OL marker, Nkx2.2, reveals t
population within the cingulum. Images of the region of interest based on genotype and diet show repr
densities of the OL population (A). Quantifications based on the nuohlp®sitive cells per mhare show

between same diets (B). *p < 0.05. All values are ofwsg ANOVA mean + SENWTCON, n=4; WFCPZ
n=4; APP/PS1CON, n=7; APP/PSLPZ, n=7).
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Figure 55. Chromogenic immunohistochemistry using the immature OL marker, Nkx2.2, reveals
population within the external capsule. Images of the region of interest based on genotype and
representative densities of the OL population (A). Quantifications based on the number of positive cells
are shown between same diets (B). All values are eiMayoANOVA mean + SENWT-CON, n=4; WFCPZ
n=4; APP/PS1CON, n=7; APP/PSILCPZ, n=7).
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Next, mature OLs (mOLs) were quantified using ASPA and ARX1 as markers. Using ASPA, it is
shown that control diet mice show no difference in ASPA+ cell numbers while CPZ diet compared to
control shows mordecrease in APP/PS1 compared to WiQure $-58). Similarly, the white matter

tract regions show an overall decrease of ASPA+ cells in CPZ mice of both ger(6igoes59-61).

With APC-CC1, the grey matter, similarly, shows an overall decrease in@EG mOLs in CPZ diet

with no significance among factors. However, there is a significant decrease of APP/PS1 between
control and CPZ diet in the white matter cingulu#8(3%, p=0.0163) and external capsuf (5%,
p=0.004). This reduction in mOLs is comghble to the reduction from the R1.40s, but instead of
affecting cortical APGCC1, it seems APP/PS1 mice exhibit this decrease in mostly the white matter

tract.
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Figure 56. Chromogenic immunohistochemistry using the mature OL marker, ASPA, reveals the OL p«
within the anterior cingulate. Images of the region of interest based on genotype and diet show repr:
densities of the Olpopulation (A). Quantifications based on the number of positive cells per mm2 are
between same diets (B). All values are ofivay ANOVA mean + SENWT-CON, n=4; WTCPZ, n=4; APP/PS:
CON, n=7; APP/PSICPZ, n=7).
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Figure 57: Chromogenic immunohistochemistry using the mature OL marker, ASPA, reveals the OL p«
within the motor cortex. Images of the region of interest based on genotygietsttow representative densi
of the OL population (A). Quantifications based on the number of positive cells per mm2 are showr
same diets (B). All values are of tm@ay ANOVA mean + SENWT-CON, n=4; WTCPZ, n=4; APP/PSILCON
n=7; APP/PS1CPZ, n=7).

133



CON »

CPZ

WT APPPSI g

' ' 5o R Somatosensory Cortex (ASPA)

4001
= WT

300~ =3 APP/PSL

Positive Cell/ mm?

R Rt RSB BETR S (N = : 200

i . =y s ‘. 9 P n s ¢ 5 . 2 Bl ~

FS s P el T R 8 ﬂ IJ[‘ ﬁ
TR Sy Bl e S e e e CON CPz

r /f\

Figure 58 Chromogenic immunohistochemistry using the mature OL marker, ASPA, reveals the OL p¢
within the somatosensory cortebmages of the region of interest based on genotype and diet
representative densities of the OL population (A). Quantifications based on the number of positive
mm2 are shown between same diets (B). All values are -afdayw@NOVA mean + SENWWT-CON, n=4; WT
CPZ, n=4; APP/PSLON, n=7; APP/PSICPZ, n=7).
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Figure 59: Chromogenic immunohistochemistry using the mature OL marker, A®®Aals the O
population within the genu. Images of the region of interest based on genotype and diet show repr
densities of the OL population (A). Quantifications based on the number of positive cells per mm2 &
between same diets (B)ll #alues are of twaway ANOVA mean £+ SENWT-CON, n=4; WTFCPZ, n=4
APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure 60: Chromogenicimmunohistochemistry using the mature OL marker, ASPA, reveals the OL poj
within the cingulum. Images of the region of interest based on genotype and diet show representative den
OL population (A). Quantifications based on the numbgositive cells per mm2 are shown between same die
All values are of twavay ANOVA mean + SENWT-CON, n=4; WFCPZ, n=4; APP/PSLON, n=7; APP/PS:

CPZ, n=7).
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Figure 61: Chromogenic immunohistochemistry using the mature OL marker, ASPA, reveals the OL pc
within the external capsule. Images of the region of interest based on genotype and diet show representati
of the Q. population (A). Quantifications based on the number of positive cells per mm2 are shown betw
diets (B). All values are of twway ANOVA mean + SENWT-CON, n=4; WFCPZ, n=4; APP/PSICON, n=7
APP/PS1CPZ, n=7).
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Finally, the relative amount of DNA damage is quantified with reference to the 53BP1 marker.
Previously, it was shown that mutation of the APP gene in R1.40 exhibited a more severe increase in
cortical DNA damage correlating to its decreased AFRL1 mOL nunbers. Grey matter 53BP1 level

show different fluctuations in all three regions. Anterior cingulate show no change in 53BP1+ cell
numbers. In the motor and somatosensory cortex, though, there are reductions of APP/PS1 CPZ 53BP1+
cells compared to controliet with the motor cortex yielding significance5{.1%, p=0.0472).
Regarding the white matter tract, the WT with control diet in the genu and external capsule shows the
lowest 53BP1+ cell numbers compared to similar elevations of the WT with CPZ digfP&ieS1

with control and CPZ diets. Within the cingulum, the APP/PS1 of both diets show an increase in
53BP1+ cells. These results suggest increased DNA damage in the APP and PS1 mutation animal both

intrinsically and under demyelinating diet.

138



IHC analysis is able to show the effects of fAD mutations and CPZ diet on the cell status in the brain.

It is seen that the molecular status of myelin contrasts the radiological status of DKI. While DKI
provides consi stent afdalthdua#otits lover difusivitiasPIRC dhdved s b e t
the demyelinated toll of the myelin structure with both APP/PS1 and CPZ independently reducing the

PLP levels. In addition, this decrease in PLP level is effectively correlated to the parallel reduction in

both gross and mOLs. Similarly to R1.40, the reduction of OLs is most apparent in the grey matter, with
mOLs showing the most significant change. However, the amount of DNA damage is most pronounced

in the white matter tract even though it does not yietphitance. Altogether, this investigation
suggests that OLs are vulnerable to DNA damage ¢

may be reflected in the lower myelin densities of the grey matter.

3.5 Metabolite levels detected with magna®sonance spectroscopy
Magnetic resonance spectroscopy (MRS) detects biochemical changes in thalbkéiRl -acquired

guantification analysis were done with no preference towards left or right hemispheres. All mirror
structures (cingulum, external cafesuand hippocampus) were analysed and averaged for each figure
by the MATLAB code.The investigation here will look at six distinct chemical peaks associatied

AD and lipid changes: glutamate/glutamineabktylaspartate (NAA), choline, mymositol, lipid, and
lactate(Figure @A). The neurotransmitters, glutamate/glutamine and NAA, show unaffected levels
between genotypes and d{etgure 63B and 63D)Choline, the precursor to acetylcholine, has a vital
role that impacts acetylcholine and dopaminel both of which is associated with neurodegeneration.
The influence of APP and PS1 mutations exhibits an increased choline level in the control diet of WT
(+10.7%, p=0.0092) and R1.40 (+17.1%, p=0.0QE&@Qure &C). Myo-inositol, a metabolite located
mainly in glial cells, and lactate, a metabolite associated with axonal upkeep and lipid metabolism, both
show unchanged levels among all m{¢egure &F and &G). However, lipid levels show many
changes. In the R1.40, there is a significant drop of abdiet lipid levels with CPZ diet-67.1%,
p=0.0047)(Figure 62E). Within CPZ diet, R1.40 shows severe reduction when compared to- WT (
71.3%, p<0.0001) and APP/PSTX.1%, p<0.0001). Diffusion kurtosis imaging (DKI) of the identical

3x3x3 mm area show rifferences in diffusivity modalitief-igure &-66).
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Major changes in the lipid metabolite suggests the effects of genotype and diet. Comparison of control
diet, while nonsignificant, shows APP/PS1 having a higher lipid content than WT and R1.4Gidmclu

of CPZ shows drastic reduction of lipid levels in R1.40 while WT and APP/PS1 remains levelled.
Furthermore, R1.40 exhibits a stronger reaction towards the diet change. Concurrently, other
neurodegenerative metabolites display no change. These esulgsg e st not only R1. 40

vulnerability but also demyelinationds varying
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A Magnetic Resonance Spectroscopy
of fAD Mice with Diet Difference
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Figure 62 The mean curve of MRS value is presented as an ocerapparison of peak values (A).
The location of the volume encompagbescortex, corpus callosum, hippocampus, and thalamu
the left hemisphere within a 3 x 3 x 3 mm cube between Bregiiat-1.8. Area under curve for
metabolites of interest aradependently compared at their respective peaks and standardized
creatine (BG). Analysis suggests no significant changes of glutamate/glutamine (B), NAA (P)
inositol (F), and lactate (G) levels between genotypes nor diet. However, cholinefahels
APP/PS1 with control diet are significantly elevated compared to all groups (C). Additionally,
levels of the R1.40, in either diet, are markedly reduced (D). Significant differencesvediywo
ANOVA between genotype and diet are indicatealsbgrisks: *p < 0.05, **p < 0.01, ***p < 0.001,
****n < 0.00001. All values are of twavay ANOVA mean + SENWT-CON, n=8 WT-CPZ, n=8;
R1.40CON, n=3; R1.46CPZ, n=2; APP/PSICON, n=7; APP/PSICPZ, n=7).
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Figure 63: The FA of genotypic and diet groups w
analysed for changes in anisotropic diffusion of wate
white matter in thenice brain. Representative FA image
each genotype and diet (A) and associated graf
comparisons (B) show no significant alterations. Geno
comparison, though, shows APP/PS1, in both diets, to
an insignificant elevated FA comparatively tG\&hd R1.4(
All values are of twavay ANOVA mean + SENIVT-CON
n=8; WT-CPZ, n=8; R1.46CON, n=3; R1.46CPZ, n=2
APP/PS1CON, n=7; APP/PSICPZ, n=7).
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Figure 64: The RD of genotypic and diet groups v
analysed for changes in perpendicular diffusion of w
of white matter in the mice brain. Representative
images of each genotype and diet (A) and assou
graphical comparisons (B) show no compar:
significant alterations. *p < 0.05. All values are of &
way ANOVA mean = SEMWT-CON, n=8 WT-CPZ
n=8; R1.486CON, n=3; R1.46CPZ, n=2; APP/PSICON
n=7; APP/PS1CPZ, n=7).
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Figure 65: The AxD of genotypic and diet groups v
analysed for changes in axial diffusion of water of v
matter in the mice brairRepresentative AxD image:
each genotype and diet (A) and associated grar
comparisons (B) show no comparable signifi
alterations. All values are of twawvay ANOVA mean
SEM (WT-CON, n=8 WT-CPZ, n=8; R1.46CON, n=3
R1.40CPZ, n=2; APP/PSICON,n=7; APP/PS1CPZ
n=7).

144



WT

APP/ PR1

0.00060-

u.)

0.00055-

0.00050-

0.00045-

Mean Diffusivity (a

Mean Diffusivity

0.00040

T
CON

Diet

T
CpPz

CP/
» 2 4 ’ ’ < - -
(N 3
-3 . i
A 3
- L
- a
: 2 1
’ ¥
* . L]
- t - i

Figure 66. The MD of genotypic and diet groups w
analysed for changes in the mean diffusiorwafer o
white matter in the mice brain. Representative MD im
of each genotype and diet (A) and associated graf
comparisons (B) show no comparable signifi
alterations. All values are of twwway ANOVA mean
SEM (WT-CON, n=8 WT-CPZ, n=8;R1.40CON, n=3
R1.46CPZ, n=2; APP/PSICON, n=7; APP/PSICPZ
n=7).
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3.6 Behavioural analysis of APP expressing mice witmaze
Working memory was then studied using a tkpeenged ymaze to reveal APP/PS1 underlying

cognitive alterations from the effects of amyloid deposition and acute demyelination. R1.40 mice did
not undergo behaviour tests due to the limitations of mice mavefreen HKUST and PolyU. The
behaviour test is separated into the analysis of reference memory and episodic memory. The
spontaneous alternation, distance travelled, movement speed, time of immobility, and total entries were
measured for reference memona#ighree arms of the maze were opened during this-eighite trial

(Figure &A). Comparatively, the total entries, total correct entries, and percentage of time in the correct
entry were measured for episodic memory as this trial is separated intenaifioite trial period where

one arm was closed and a consecutive-foimnute trial after one hour where all arms were opened

(Figure BA).

During the reference memory trial, the spontaneous alternation between WT and APP/PS1 did not
exhibit much differace. The CPZ treated cohort, though, show slight increases compared to control

diet (Figure 68B) Movements of the CPZ mice also show increases with APP/PS1 mice displaying
significance against WT in distance travelled (+49.9%, p=0.0088kure &C) and movement speed

(+50.4%, p=0.007q)Figure &D). APP/PS1 mice of both diets also show overall increased movements.
Correlatingly, the time immobile decreased is less in the APP/PS1(Riigee &E). Consequently,

the total amount of entries into difemt arms is greater in the APP/PS1 n{iegure &F). Through

this first trial, it is shown that while neitherousee x hi bi t ed observabl e cognit]

activity is greater than WTOos.

For episodic memory, mi ¢estdl sfterpartrairiing pegod wheere bne armn o v e |
was closed and repened after a oAgour rest. After the onbour rest, the mice were placed back into

the maze to see if their movement patterns towards the previous opened and closed arms would change.
Similarly, to the reference test, APP/PS1 mice of both diets show increases in their tota(eiguiies

68B). The percentage of entries into the correct (previously closed) arm shows no(EhgugeEC).

However, the time spent in this correct arm showsir@ignificant elevation in the WT treated with
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CPZ(Figure @D). Episodic memory results suggest no cognitive alterations between both genotypes

and diets as all four conditions show minimal changes.

Observable cognitive changes are not apparent aftewbrking memory trials. Even though there are
differences in the movement of the APP/PS1, neither its spontaneous alternation nor preference for
novelty is altered between genotypes and diets. These results suggest that at only 3MO, the APP/PS1
mutationsand acute demyelination through CPZ have not influenced the memory of mice. However,
the mutations seemingly increase movenastivity. Both R1.40 and APP/PS1 mice have previously

been observed to have cognitive deficits by 21 and 9 months, respe@MElyThis is consistent with

our ymaze results where spontaneous alternation waffacted in the control treatment WT and
APP/PS1 mice. While many studies have shown cognitive deficits usingzg(322, 323) other

studies have shown no differences imgze(324, 325) It was propeed that complete demyelination
happens between 5 and 6 weeks of treatif838, 327)as lesser time has shown no change in myelin

content especially in the hippocam325).
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Figure 67: Working memory was investigated withméze behaviour test and separated into refer
memory (AF) and episodic memory (Next fig). Movement (top A) and heat (bottom A) maps of
reference memory shows no particular prehce for each arm. Analysis of the spontaneous alter!
(B), distance travelled (C), movement speed (D), time immobile (E), and total arm entries (F) 1
trial suggest APP/ PS16s increased ac tfféerandes c
two-way ANOVA in behaviour between genotype and diet are indicated by asterisks: **p < C
values are of twavay ANOVA mean + SEMeat maps are of scalars with no set valy#¢I-CON
n=4; WT-CPZ, n=4; APP/PSXCON, n=7; APP/PSICPZ, n=7).

148



>

Heat Map (time) Track Plot

WT-CON WT-CPZ APPPS1-CON APPPS1-CPZ

17T 11T 1T

YYYYY

B C D

Figure 68 Examination of episodic memory was further divided intcaming phase where an a
was blocked (left A) and acquisition phase where all arms were open (right A). Mice were allo
of resting time away from the maze between phases. No significant impairments of episodi
were found r egpeferdncerfar armshAdl valmésare 6f tway ANOVA mean = SE
Heat maps are of scalars with no set valu88T-CON, n=4; WFCPZ, n=4; APP/PSALON, n=7
APP/PS1CPZ, n=7).
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