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Abstract

Phospholipase @Qamma 2R L C)iszhighly expressed in immune cells, such as

microglia.P L C2 2 h y thasphatigynesgol 4gbisphosphatento inositol

trisphosphate (I§ and diacylglycerolVariantso f PLC22 have been de
severadiseasessuchad at e onset Al zhei merds di sease
disease, as well as rare immune disordarggesting a key role for this enzyme in the
regulation of immune cell functiorilo characterise the enzymatic activitydidease

linkedP L Co 2 vanassag meassrinigositol monophosphate (iR a downstream
metabolite of IB, wasadaptedand optimisedThe S707Y,p8 4388andM1141K

P L Co 2 nty lmked taa complex immune disordbBgvestronghypermorphic
activity, wher ewmsantshowsa nfdirCreese iVALCT actvity.

In the context of LOAD, microglia have been implicated as key mediators of disease

pat hophysiol ogy. However, the role of PL
understood. To address this issue,lyygermorphid® L C2 2  8ise&sé linked

variantwas irtroduced into human inducible pluripotent stem cells (hiP&Cs)plore

the rolethatstronggain-of-functionP L C vagiants havevithin hiPSCderived

microglia Based on thé&P1 measurement® L Co 2 BiFSGderved microglia

exhibited hypermorphic engmatic activity undebothbasal and stimulat conditions,

which in turn resulted in increased calciflox. However, when challenged with

apoptotic neuronal cella reduction in phagocytosis was observed. Additionally,

secretion of I1 b , -8 and. TNFUwas shown to belevated in basal conditions.

However, when challenged wilipopolysaccharideP L C $7D7Y hiPS&erived

microglia exhibited a reduction in {0, IL-6 and TNFU s e ¢, likelyt duedm

decreased N B a c t and/trarislocatiarRNA sequencinggf t he PLC22 S-
hiPSCGderived microglia revealed a downregulation of genes related to innate immunity
and response. Therefothjs thesisdemonstratethat despite the increasefnL C 2 2
enzymatic activityt he PL Co 2 Slérifed Microgliafsplaya loss of

functionfor key microglial processes



Impact statement

Alzheimer's diseas@\D) is a neurological disorder that causes the brain to shrink and
brain cells to die. AD is becoming an increasinglgre prevalent conditigrespecially
ashumanlife expectancys improving.Currently, there is no treatment available to cure
AD, and only a handful of medications that temporary improve or slow progre$sion
combat such issues, genome wide associatimties (GWAShave beemmplemented

to identify genomic variantassociated with LOAD, resulting in the identification of

P L Co 2(M28L)sard protectivéP522R)variants.

Microglia have been implicated as key mediators of LQgsthophysiology PL C2 2 i s
highly expressed in microglia, althoughritde within microglial biology isstill not

fully defined Toaddressuch question® L C2 2 K O amcobglid ric2ielsirave
beendeveloped and characterisétbwever, itstill remains to be investigated wirate
theprotectiveP L C P522R variant heon LOAD pathophysiologyespeciallygiven

the mild hypermorphic activity exhibited.

Rare and novel PLCo22 variants |linked to
literature.To address questiosn how t he PLC22 variants ir
activity, an artificial transient transfection model wdsveloped andptimised to rank
theactivity (IP. accumulationpftheP L C2 2 v ar i a alloveng forfthei nt er e s 1
enzymatic charact er p8 4388 MiliM1Kahfd V11O nov el |
variants. From the enzymatic activity ranking,¢g PL C22 S 7 0 Be¥ecteda r i an
be implementeithtohiPSGd er i ved mi croglia, as strong
have not been assessed within microglial bioldgy.t hough t he PLC22 S
displayed its characteristic hypermorphic enzymatic activity, and subsequent increased
calciumflux, it was uncovered that the variant reedih a decreasef key microglial
processesuch as phagocytosis and cytokine produdiiggonLPSexposurg RNASeq

analysis showed significantdownregulation of phagocytic receptors (AXL, MERTK

and P2RY®6) and compleent pathway proteinC1QA C1(B, C1QC, C3 and

C3AR1), as well as genes related to innate immunity and response.

Overall, thisthesis providesovel insight intahe roleP L C ba®within microglial
biology, concluding thastrongh y per mor p hi c¢ dRadtically alterv ar i ant s
microglial functionality.Furthermorethis thesigrovides glatform for theimproved
characterisationf theP L C ®522R LOADprotectivevariant ultimatelyproviding
key valuable knowledge fahe developrant of therapeutictor treatment of LOAD.
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Chapter 1 - Introduction

1.1 Inflammation

Inflammationis arapid and coordinated response byhbstsimmune systento defend
againstmicrobial infection, tissue injury and othemxious conditions, by removing the
hazardous stimulndinitiating repait. Therefore, inflammation is a defence
mechanism essential for healHowever in someinstancesnflammation is viewed as
an unwanted response,@slongedor overactivanflammationcan result in serious

repercussions to human health.

During acute inflammatiorgellular and molecular events aim to control infection and
minimise injury,eventuallyresulting in homeostasis and tieeminationof the acute
inflammation.However if uncontrolled acute inflammation can become chronic.

Chronic inflammation has been linked to multiple diseases such as diabetes, metabolic
syndrome, cardiovascular diseasancer, rheumatoid arthritis, inflammatory bowel

disease (IBD), asthma, chronic obstructive lung diseeseell anieurodegenerative

di sorders such as Aemcd thd davelopment ofinowelards e ( Al
efficacioustherapiedargeting these inflammatory pathways has high potential in

preventing and eticating these diseases.

1.2 Innate immune cells involved ininflammation

1.2.1 Introduction

Humansand other mammsjlive in anenvironment that ipopulatedoy both

pathogens andnon-pathogenic microbethatthreaten normal homeostasig microbes

are able to bypass the physical and chemical barrigrssfen and mucus secretion)
thatmammalgpossessthe immune systemvill elicit itsit wo | i nes of def e

astheinnate and adaptivesponsgin order toprevent microbial invasion

The innatesystemis the first line of defence againsicrobialincursions. Itgoleis to
preventinfection, eliminate invader microbes and stimulate the acquired immune
responseFirstly, innate immune cells recognise foreign cell surface proteins, molecules
or deoxyribonucleic acigDNA) and becora activated. This activation elicits a
multicellular defence mechanism that usgmmatory responsephaocytosis,

natural killer cellsand the complement systeta damage and remove afgreign

substanck
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Theinnate immuneesponselso initiateshe secondary defence mechanism called the
adaptive immune resposslhe adaptive system is comprisedlefand Blymphocytes
thatdestroy invadingpathogen through antigerdependent and antigespecific

processesThe hal |l mark of the adametmiowd siemdmu nihti
enables the host to elicit a maepid and efficient immune response upon subsequent
exposure to the antigenit is worth noting thathere isa4-7 daylag between antigen

exposure and maximabaptiveresponsé Thereforethe innate immune response plays

a critical role in containing infectioantil the adaptive response comes into effAsta
result,synergy betweehothimmune responses is crucial for effectreenoval of

foreign material.

1.2.2 Macrophages

Macrophages are located in almost every part of the,l@d/exist in at least three
different forms: yolk sack anaétalliver-derived tissue resident macrophages, as well
asinfiltrating bone marrowmonocyte)derived marophage’. For many years, it was
thoughtthat macrophages solely arose from the diffeagiotn of circulating

monocyte& However recentstudieshaveprovided evidence that mostgueresident
macrophagearisefrom embryonicyolk-sacprogenitors and are replaced with
macrophages derived from eitheefalmonocytes or hematopoietic stem célfs This
leads to either the complete replacement of the-yatkderived macrophages or a
mixed population of macrophages dominated byfdleéal monocyte or stem cell
lineagé®!2 Depending on the location, differgmvpulationsof macrophages will be
present Trophic factors from the local environment shape macrophage identity and
popuation resulting infunctions specific to their environment, suchiasue

development, growth, homeostatic maintenancereambdelling:+314

Macrophages amn essentiapart d the innate immune responas they are constantly
monitoring for invading microbes, provi@éfective control and clearance of infections,
execute theemoval ofdelris and dead cellgs well apromotetissue repair and

wound healin&’. Furthermore, macrophages also providialabetweertheinnate and
adaptivemmune response by capturing and presenting foreign easgtfens on their

surface membrane, before moving towards T cells, to prime and stimulate'them

Although the classica!l (pro-inflammatory)and M2(antrinflammatory)modelhas
been helpful in conceptualng macrophagectivity, transcriptome stues show that

themacrophag@henotypes varied and diseaskependerit. In fact,we know that
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these two extreme states only exmstitro and do not recapitulate the complexity of

macrophage biolod$.

1.2.3 Microglia

First described bfRio-Hortega in theearly20th centurymicroglia are the resident
central nervous syster®S) innatemacrophag@opulation accounting for
approximately 10% of all CNS celf?. Although ubiquitously expressed throughout
the CNS, microglia densities have been shtowary acrosslifferent regions of the
brairf?. Fate mapping strategies have shown thiatoglia originatesolelyfrom
primitive progenitors in the yolk sac that migrateitheCNS during early
embryogenesjdefore maturingnto micragliat?2*24 However unlike resident tissue
macrophages, itroglia achieveself-renewalthroughout life are functionally distinct
andpossesspecifictranscriptionakignatureglistinct from other brain and peripheral
immune cellssuch aghe specific markengurinergicreceptor P2Y14AP2RY12)
transmembranprotein 11(TMEM119) andsal-like proteinl (SALL1)?%3,
Furthermoresexual diferences immicroglid numbersmorphology aswell as
transcriptionakignaturesavealsobeendocumentetf' %8,

Microglia morphologyis one of its most defining featurds.their resting state,
microgliaaexhi leid® clmradepsbddy asgall cell body with lpng
thin, branchegrocesse all directions Two-photon imaging studies have shown
microglia to behighly active in their presumaeiiesting statg continuouslysurveying
theirlocal envirorment with the ability to scan the entire brain ottee coursea few
hours®4 However mce activatednicrogliaadopta more 'amoeboidghorphology
indicatingthat theyhave detected a changetheir localenvironmentThroughout life
microglia contributeowards synaptic pruning and modulafibf?, memory and
learnind**°, phagocytosi®® “¢ myelinatiorf®, synaptic plasticit§*°>>*andvasculature
developmert?, to ensure healthy CNS development and homeos8&iaigle cell RNA
sequencin@nd proteomicstudieshave identifiedbrain regionspecific subpopulations
of microgliawith different responses to triggevarying degrees of immunrailance
as well axhangesn the geneexpressiomprofile®¥ 8, It is thought that regional
differences may require distinct microglial subtypestategor healthy CNS

homeostasis' ®°,
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1.3 DiseasePathology
131 Al zhei mer 6s Disease (AD)

It has beerestimatedhat around 50 million people globally are living with dementia
and that by 2050 this number wilicrease to 152 millid. AD is the most common

form of dementia, and idassically daractesed by the decline in cogiue function
neuronal lossnflammation andrau pathology initiated bgmyloid-beta A B
depositioY ®3, The hippocampus, the part of the bréiat playsa major role in

learning and memorys oftenone ofthe earlist affected brain regicf. As AD

spreads throughout the brain, additional areas begin to become &ffected
Consequentlythe cortexoecomes thinnegnd the brain simksin sizeresulting in
patients experience memory atwhnitive impairmentlisorderg®. AD can be classified
aseitherfamilial (also known as early onset)sporadic (also known as late onset)

with the latter having multiple risk gendde ApolipoproteinE (APOE) genés one of
the strongest risk factors for IYallele onset
present in-40% of all AD caseé¥®”. With AD prevalence predicted to increase over the
coming years, along with the financial burden imposed bytA®ynderstanding of the
mechanisms responsilfier pathogenesiss well asdentification of newnovel

therapetic targets is urgently need¥d

A bis derived through the processing of thembrane boundmyloid precursor protein
by theb- and! -secretase proteasdsbextracellulaTmonomers can aggregate together
to formneurotoxicoligomers, protofibrils and amyloid fibrils, with the latter being able
to further assemble into plagG&sSimilar toA bplaques, hyperphosphorylated Tau
monomeroligomerise to fam paired helical filaments that then aggregate tmfor
neurofibrillary tangles (NFTghatinduce neuronalysfunctiori®. Both forms of

pathologyarehallmarkfeatures ofAD.

Howe\er, treatments targeting the removal or reductiof bplaques antNFTshave

showed little to no effect on the stopping or slowing down of AD pathglogypting

a rethink into how AD pathology is initiated and progreSsés a majority of risk

genes have been demonstratededighly expressed withimicroglia it is thought that

a long, complex feedback mechanism between microglia, astrocytes and vasculature is
causative of ADwith microglial associated neuroinflammation beengignificant

contributoP®72
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1.3.2 Inflammatory Bowel Disease (IBD)

Inflammatory bowel disease (IBD) is an umbrella term used for Crohn's disease,
ulcerative coliis and other conditionslescribingthe chronic inflammation of the
gastrointestinal tract As of 2017, it has been estimated that globally 6.8 million
people have IB[¥. Several comprehensive studies have highlighted genetic and
environmental factors that contribute towards IBIS. However, the exact mechanism
of IBD is currently unknown. Symptoms of IBD include abdominal pain, ulcers,
diarrhoeabloody stools, weight loss, as well as the influx of neutrophils and
macrophages that produce cytokines, migtec enzymes and free radic&l<?

Although treatments for IBD do exist, e.gNF (tumor necrosis factormonoclonal
antibodyblockers, many patients do not respond to these clinically approved drugs,
prompting the need for more novel therapeutic treatrfietitss classically thought that
chronically activated intestinal macrophages play a central role in IBD pathology and
thatenforcingan antiinflammatoryphenotype might be a novel therapeutic approach to
control intestinal inflammation and restore tissue funéti&nFurthermore, 1IBD

patients have been shown to have an higher chance of developing dementia, suggesting
that perhaps the two diseasge somewhat interlinkettirough the gubrain axis,

which describes the signalling between the gut, its microbiome ar@MIs.

1.4 Macrophage and microglia disease relevance

1.4.1 Dysfunction of macrophages in disease

Macrophagebavebeen demonstrated to have key rolethapathogenesis of many
chronic inflammatory and autoimmune diseasesh as IBCand heumatoid
arthriti£%®3 In these diseases, macrophages have been recognissubase of many
pro-inflammatory cytokines that mediate and drive disease patHSi¥gin the case of
IBD, inflammatory mediators produced in the colon have been shown to transition
homeostatic macrophages intopran f | ammat ory dendritic ol i
quantitiesof TNF-U, IL-23 and Il-12that contribute to patholo8% Together with this
observation, it has been demonstrated that changes in the local environment can
influence macrophage differentiatiomhich in turn has a pivotal ®iin the pathology
of many inflammatory and autoimmune disedsesaddition to microglianon
parenchymaerivascularmeningeal and choroid plexbsainmacrophagealso play a
role in CNS homeostasfs However currentknowledge ohon-parenchymal

macrophagéunctionin health and disease is currently limitedth these cells
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potentially being a key component of initiating or progressing diseases vighin t
brairr?.

1.4.2 Dysfunction of microglia irdisease

The discovery of multiple immune related risk genes in large population studies has
resulted in microglia and other innate immune pathways entering the spotlight of
pathomechanistic research in sporadic forms of neurodegenersgemifically

Park n ssaiseaseindAD®% 8, Furthermoremicroglia have been implicated as key
mediators oheurodevelopmental disordessch asautism spectrum disorders (ASD)
and schizophrenfd Severalhumanpostmortem studie patients withASD have
foundmicroglia to be dysfunctionahnd as such have reported differencasigroglial
numbers morphol@y, neuronainteractiors, as well asnodifiedexpression of
microglid specific genes, especially in those associated with an inflammatory
respons& %, Additional studies have also implied tllgsregulated or overactive
microglial synaptic pruningcould contibute toabnormakynase loss and dysfunction

in ASD, as wellbtherneurodevelopmental disordessch aschizophreni®®”.

Although microglia are classically considemskential fomaintaining brain

homeostasis, conflicting research has also suggested microglia may also have
detrimental effects upaieir activatior?®®® Stimulatedmicroglia produce many pro
inflammatory meditors such aseactive oxygen speci¢ROS), cytokines (e.g. TNF

U )chemokines anditric oxide Consequentlyall these mediators have the potential to
be neurotoxic, causing or accelerating disease pathéitjyn the ontextof AD,
microglial pratective and detrimental effedtsve been reported depending on the stage
of diseas?’. It has been proposedatas Ab plaques formmicrogliacluster around the

Ab aggregates and clear them t hrdoewgh t he
aging or genetic susceptibilitynicrogliafunctionbecoms inadequate to prevent the
onset and progression of ABs a resultfoxicAb  a g g raecghalatenducing
microglia into a nonconstructive and inflammatory stetevhich theyoverprune
synapsesas well asecrete neurotoxic cytokines that injure neutdt& 1% This

process is often referred to as neuroinflammation.

Murine transcriptomstudies have uncovered distinct microglial neurodegenerative
reaction states known as diseaseociated microglia (DAM), activated response
microglia (ARM) or microglial neurodegenerative phenotype (MG’ It has

been demonstrated that during the progression of AD and other neurodegenerative
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diseases, that these disease associated microglial subtypes lose their homeostatic
function due to the domregulation ohomeostatic gendsuch a®2RY12 TMEM119
and SALLY), contributing towards neuronal Igss well as upreguliain of several
known AD riskgenessuch as APOE andiggeringreceptorexpressen myeloid

cells 2(TREM2)?7:104105,108

Studies have shown that the upregulation of DAM genes does not directly correlate to
the progression of neurodegeneration, but the upregulation of APOE may influence
neurodegeneration sevefit{'°® However, further evidence is still needed.

Additionally, multiplestudies have shown that DAM are not only associated with
neurodegeneration but also with natural athy>1°’ Further evidence is needed to
conclusively prove that a DAM subpopulation existhumanbrain,as many DAM

genes showed little to no enrichment in human microglia from AD patféhts

1.4.3 Single nucleotide polymorphisms (SNPs)

Most of thehumangenetic vaation is accounted for bsinge nucleotide
polymorphisms (SNPs)n which a single nucleotide is substituted for andtiein fact
it has been estimated that there desen million SNPs in the human gendrie
Missense notsynonymous SRs in the coding region genescancause a different
amino acid to be expressed, potentially resulting in a change of protein function.
However, not ksingle amino acid substitutions alter protein functiasit is estimated
that only 2630% of SNPs result iphenotypicchangé!?1%4

If SNPsdo exhibit a phenotypic change, ittypically because they hawstheraltered

thepr oteins active state (e.g. Aresidues i
regulationorpost r ans | at i o n'd, affectedthé deaff@ding of henpdotein
(e.g. fAby def orsmithe bindmgsde/ oothe erdire proteanb i | i

structue 89, influencel promoter activity (gene expression), messenger RNA (MRNA)
conformation (stabilitypr subcellular locatation of mMRNAs and/or proteih's. It is

important to diferentiate between beneficial, neutral and harmful mutatmbetter

comprehend eacBNPseffecton protein function.

1.4.4 Genome wide association studies

AD and IBD are two complex diseasgbereby thgathophysiologys still yet to be
fully elucidated In order to gain better insights intomplex diseaszgenome wide
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association studies (GWA&ave been implemented in ordethighlight potential
SNPs thatay be associated with diseaske AD fieldis oneof many fieldsthat has
tremendoushpenefited frormumerousGWAS studiesMultiple SNPshave beerfiound
to beassociated with increig) the risk of developing LOAvith many of these SNPs
locatedin geneshighly expressedby microglia, implicatingthemas modulatorsf the
disease asconfirmed byproteomicdataand microglia enhancer datahereby
enhancers are short regions of DNA that bind transcription factors to enhance

messenger RNA expression from target prom@tét&24,

TREM2is a cell surface receptexpressed in cells of the myeloiddiage including
macrophages, osteoclgaiendritic cellsand microglia®>. TREM2 has received much
attention due to thelentification of the rar®47Hrisk variant which has been
suggested to cause @d24.5 fold increasd risk of developingAD2%127 Since then,
TREM2 hasbeen shown to be vitébr microglid survival andunctionwith the
receptormlaying a role ircell proliferation,inflammatory responsesholesterol
metabolismthe phagocytosis off@optotic cells and myelin debriss well asthe
clustering of microgliamroundAb plaques?® 133 The R47Hvarianthasbeen suggested
to place microglia in a less responsstatewith deficits incholesterol metabolism and
glycolytic energy productiom response to cell activatimbserved? 1*°, However
furtherinvestigationof into the role of humamREMZ2 s still needed, as there is

disparity in results between mouse and human mtéels

Another identified gene, phospholipase@Z(P L C) has also received much interest

due to thedentification of the rare LOARssociated522Rprotectiveand M28L risk

missense varaint$ 37 Moreover, two IBD risk variants, R268W and H244R, of

PLC22 have al ssmgbeenhi ngenh physgkeyrokiaps PLC:
diseas&® Furthermore, phospholipa€e(PLC) enzymes are potentially druggable

proteins, makind® L C a \Zry attragve target for novel therapeutics using a small

molecule approach.

1.5 Phospholipase@ 2 ( PLC22)

1.5.1 Phospholipase enzymes

Phospholipase (PL) enzymbseak down phospholipidsithin the cell membranmto
bioactive lipid mediators through hydroly$i$ These lipid mediatorggulate a variety
of functionsincluding proliferation, survival, migration, tumorigenesis, metastasis and

inflammatiort*’, Phospholipase enzymes are grouped intorfmain classes: PLAAL
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and A2) PLC and PLD, depending on where they cleave the phospholipid substrate. PL
enzymes are capable of hydrolysing multigiecgrophospholipid including
phosphatidylinositol (Pland gosphatidylcholine (PEY. All phospholipase enzymes

are composed of multiple isotypesth distinct functions, domains and regulatory

mechanism¢? 145

1.5.2 Domain organisation of FPLC enzymes

Catalytic Catalytic
Domain DoTam
/\
< &)
L Q?«
o)
© 4§>

|

IEEinnes

Gamma Specific Array (ySA)

X-Box
spPH
nSH2
cSH2
spPH
Y-Box

Figure 11PL C2 2 d o ma iThme caePhCuamainsipleckstrin homology (PH),
EF-hands, TIM barre{X and Y box)and C2 domainand heregulatorydomains
unique forP L gplit PH domain (spPH), two steomology2 (SH2) domains (nSH2
and cSH2) and one slommolgy3 (SH3)domain),comprisingthe gammaspecific array
(0 S Aare coloured darklueandpurple respectivelyDomain location othefour
knownP L @ tyrosine phosphorylation site¥753, Y759, Y1197 and Y217 (yellow

line).

In mammals, phosphoinositiggecificPLC enzymes (RPLC) are subdivided into six
famiies@, o9, U, Al PLC isetypes escept| fpr PL&l share a conserved core
structure, with the addition of other domains unique to eachyfaime corePLC
catalytic structure is composed of a pleckstrin homology (PHhdtfés, a catalytic
TIM barrel and acalcium bindingC2 domain(Figure 11).

P L Gemzymes hava large multidomain insert betwedhetwo parts (X and Y) of the
TIMbarrelsc al | ed t he 0gammaThisipemmopodedofaspltRHay 6 (-
domain (spPH), two sfbomology2 (SH2) domains (nSH2 and cSH2) and one src

homolgy3 (SH3) domair(Figure 11)*¢. The o0 SA adkeynaldimtise pl ay
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bi ndi n g tocefulaBriaiscaffoldoroteins within diverse multiprotein
signalling complexé€$’. Theknown roleof each PL@ domainin cellular functionis

summarised in Table 1.1

PLCoDomain | Function Reference
PH PIP, binding (Based on other PLC families) 148
EF Supports catalytic domastructure 149

TIM, X-Box PIP, catalysis and autoinhibition 147

N-terminal _ .
RacGTPasact i vati on of PL C|10

spPH

N-terminal SH2 | Linker for activation of T cell6LAT) binding 151

C-terminal SH2 | Autoinhibition and B cell signalosonassembly 147,152

SH3 Lymphocyte cytosolic protein SLP-76) andcluster 153,154
of differentiation 95 (CD95binding

C-terminal

RacGTPasact i vati on of PLC|¥10
SpPH
TIM, Y -Box PIP; catalysis and autoinhibition 147

co Structural stabilisation of the TIM domaijns 47
membrane interactiorend autoinhibition

Table 1.1Each domains role in PLoQunction. Abbreviations(PH) pleckstrin
homology, (EF) EFhands, (X and Y box) TIM barrel, (C2) C2 domain, (spPH) split
PH, (nSH2 and cSH2) n and c terminustsomology 2 and (SH3rchomolgy 3

1.5.3 P L Gegpression

PL Co 1P la@ adABich areencoded by theLCG1(humanchromosome 20gnd
PLCQ& (humanchromosome 16)ene respectively, atoth~150kDain size and
share high sequeneamilarity across all domain®*¢ P L C s @bundantlyexpressed
in hematopoietic cellsuch as Bymphocytes mastcells, natural killer cells,
neutrophils, dendritic cells, osteoclgstsacrophageand microg¢jal®’. In comparison,
PLCo1 i s expr dsosghodtthe Bodyqrdiistessentsal Bynbryonic
developmenif® It is also highly expressed in T céfis'® B ot h ifoky@esan
perform noroverlapping functiongn cells that exgess botiforms, and one isozyme
generally cannot compensate for depletbthe othet®®1%% To date, no complete

tertiary structure oP L @ bas been solveaneaning domain interactions are modelled
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using homology wittother PLC enzymef®r which the structure is knowmcluding

the recently characteris&®lL Q@ #sozyme structuré®14’

1.5.4 P L C fufction

Cell Membrane

1,2-Diacylglycerol
(DAG)

Phospholipase C > clJH
H20

Pl 4,5-bisphosphate
(PIP2)

Inositol 1,4,5-trisphosphate
(IP3)

Figure 1.2Hydrolysis of PIR (phosphatidylinositol 4 Bisphosphate) by PLC
(phospholipase Gnzymes. PLC hydrolyses Rl&éhd generatebeintracellular
secondarynessengers, inositol 1,4tBsphosphate (i) and diacylglycerol (DAG).
Figureadapted and modified from Seo €fal

Phosphoinositides account for around 1% of &htbrane phospholipids, with BIP
being the most abundaft 1. Upon activationP L C s Becruited to the plasma
membrane and, as with all-PLC isoforms,catalyses the hydrolysis tife
phosphatidylinositol 4bisphosphate (PHPsubstratéo the secondary messengers;
inositol 1,4,5trisphosphate (1§ and diacylglycerol (DAGFigure 12)1%6:167 Both
productspropagate a wide range of downstream sigthatsare cell specific. However,
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the generation of DAG and 4is not specific to PLC and can occur from other

pathway$°8-169

1.5.5 P L C acfivation

Autoinhibitory

/ Interface

Figure 1.3 The inactive form oP L CloactiveP L Gsmaintained by interactions
between th@IM barrelandspPHdomains, as well as tl&2 andcSH2domains, at the
autoinhibitory interface (red). Physiological stimulation is mediated thraligsteric
networksto the autoinhibitory interface. Upon phosphorylation, intramolecular
interactionschange between thé759 phosphorylated region arlde cSH2 domain.
Allosteric networks could also have a role to stabilise the active imGCstyuctural

architecturds based of® L @.oFigure adapted from Liu et'4

PLCo22 has 4 hospherylatidngitess763, Yi789, Y1197 and Y1217,
withY1217@p pear i ng t o b @iguenll)duAecordiny tokhk cioedt

model, interactionbetween thdIM -barrelandspPHdomains, as well as ti&2 and
cSH2domainsr esul t s i n aut,asmuiatiods within either af the tWoL C 2o 2
contact pointgautoinhibitory interfaceyan overcome enzymatic autoinhibitiiFigure

1.3)1". In fact, t has been suggested that both contacts are required to maintain an
inhibited form*’. Phosphorylation of the Y759 resid(eetween the cSH3H3 linkel,

prevents thisutoinhibitoryinteraction, consequentialpllowingP L Co2 2 domai ns
bind to the membranallowing the substratd’IP to accesghe active site (TIM

barrel}*2171 The PH domain is speculated to be important in docking the enzyme to the

inner membrane by binding to BI&r phosphatidylinositol (3,4,8)jisphosphate
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(PIP;)148172 phosphorylation of th® L C ¥753 and Y1217 residues hiasen shown

to vary depending on the cell type usetth phosphoylation of the Y759 residue being
consistenamongst all cell types testéti'’2 In the context of Bcell? L C 2 2
phosphorylatiorhas been characterisad a raid event, withthe maximallevel
phosphorylation occurring after 1 mintf Moreover, he tyrosine protein
phosphatass that deactivate PIb2 have notetbeen identifiednor has any method of
P L C dephosphorylatiofi®.

P L C,anZaddition to PL®2, can also be activated through the GTRaseelated C3
botulinum toxin substratRad 1,2and 3, wher e &*P LRCLh@&dbden c an n ¢
shown to formhydrophobic interactions with Racthroughits spPHdomain, resulting

in plasma membrane recr **t¥rent and acti vi

1.5.6 P L Coathways
1.5.6.1 Introduction

Depending on thepecificcell type,P L C oah be activated throudirosine kinase
receptor§®®176177toll like receptors (TLRYS, integring’®18% as well aseveral
immunoreceptor tyrosinlbased activation motif (ITAM)inked receptors such asd-c
receptors182 the B cell receptor complé¥ andthe TREM2 receptocomplex®,
ITAM is ahighly conserved regioim the cytoplasmic domain of signalling chains of
adapte proteins and receptotisatis involved in the regulation of immune cell
proliferation, survival and differentiatiétf' 1. Uponspecificreceptor activation
ITAM regions becom@hosphorylated, resultinig the recruitment and subsequent
phosphorylation oP L C.Haweverthe role ofP L C m&diated downstream
signalling in some of these pathways is still unclPak. C acBvation andits
subsequendownstream effects, alest characterised in the corttex B cells where

P L C fuzction has been extensively investigated.
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1.5.6.2 B cell receptor (BCRpathway

B cell
receptor

7

CD79TT -- €D79

ITAM
/A

IP3 DAG

Voo

1ca? —| PKC |- ((ERK )

Voo
(NFAT] (NFkB)

Figure 1.4 Simplified B cell receptoBCR) signalling complexBCR activation

induces phosphorylation ahmunoreceptor tyrosineased activation mosf{ITAMs)
and recruitment of thieck/Yes novel tyrosine kinage YN) andspleen tyrosine kinase
(SYK) kinases to activatBruton tyrosine kinaseRTK). BTK recruits the adapter
proteinB-cell linker (BLNK), as well agphosphorylates and activatgsospholipase €
9 ZP L C)axazhydrolysephosphatidylinositol 4 bisphosphatéPIP,) into inositol
1,4,5trisphosphat€lP3) anddiacylglycerol DAG), which trigges the activation of
nuclear factor of activated-@ells(NFAT) andnuclear factor kappa BNF-o B
transcription factors, as well astracellular signategulated kinaséERK) through
protein kinase C (PKCJigure adapted frorBurgerandWiestnet®’. Figure was

created with BioRender.cam

TheB cell receptor (BCR) complag composed of a membraimamunoglobulin non
covalently bonded ttheCD794 | ¢CD)7 9 b (dtegoBiimer. The CD79 heterodimer,
bound together by dulphide bridges, has a cytoplasiiidM tail. Upon BCRantigen
activation, the ITAM regions of the CD79 heterodimer become phosphorylated by the
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Src family kinaseg¢Lck/Yes novel tyrosine kinag&yn) and spleen tyrosine kinase

(Syk)), resulting inthe reeruitment ofthekinases Syk, Bruton tgsine kinase (Btk) and

Lyn, as well aghe adaptor protein-Bell linker (BLNK), towards the BCR compl&®.

BLNK is recruited to the neiiTAM region of the CD79 heterodien where it is

phosphorylated by Sylso that it cact as a scaffold for Btk anél L C33820nce Syk,

Btk, BLNKand PLC22 ar e 2i n sc opnhtoascpth,o fda&ykat ed by
resulting in the conversion &P into IP; and DAG(Figure 1.43%2

IP3 is releasednto the cytosol and binds B3 receptorgIPzRs)on the endoplasmic
reticulum, increasing cytoplasmic calcitffy The upsurge of calciumeads to the
activation of calciurrdependent kinases and calcineurin. Calcineurin dephosphorylates
the transcription factor, nuclear factactivated Fcell (NFAT), inducing its nuclear
translocation and promoting cytokine transcriptt@&DAG remains bound to the

plasma membrane where it activates a number of different targets, one being protein
kinase C (PKC). Once activated, Pkiggersthe nuclear factor kappa B (NiB)

pathway, a protein complex that controls transcription, cytokine production and cell
survival?®. In addition, PKC also stimulates Ras guanaylicleottle-releasing proteis
(RasGRPs)RasGRPs activathe extracellular signakgulated kinase (ERK) pathway,
which isresponsible for cell proliferation and cytoskeletal contraétfoit should be
noted that danstream signalling pathways are esdintextdependent andill differ

amongst the different cell types
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1.5.6.3 TREM2 pathway

TREM2

) G
© @. .

| P3 DAG

Voo

1 Ca? —| PKC | - [ ERK |

Voo
(NFAT) (NFxB)

Figure 1L5Proposed REM2 / P L Co 2 insnicrggtiaaUponiligarnd binding to
TREM2, two tyrosine residues within the ITAMotifs of DAP12 are phosphorylated

DAP12

by Srg which recruits Syk to activate downstreaignallingmolecules, such as ERK,
Pl 3K, 2aadVavAct i vat ed P LA02P;andDAG which triggerd
pathways to activate the NFAT and¥FB t r a nfactors,iapwell as ERK
through PKCFigure adapted froronishi and Kiyamg2018)°. Figure wasreated
with BioRender.com

TREM2 has been demonstrated to have a minor preferem@@dsanionic substrates,
and as a result, activation of TREMas been demonstrated wiarious phogholipids
and sphingomyeliti®123 bacterial lipopolysaccharid€s lipidated apolipoproteins
such aAPOE?! nucleic acid®®a nd o | i g'¥ FREM2 isknoivifito couple to
the DNAX -activating protein 12 (DAP12hrough electrostatic interactiof{g°’,
Similardy to theB cell CD79 heterodimer, DAP12 [sound together byisulphide
bridgesand hasa cytoplasmic tail containingfTAM motifst®1% Upon TREM2
activation,Src protein tyrosine kinases phosphorylate IT&\promoting the
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recruitmentof Syk t hat acti vates downstream signa
Vav, ERK andphosphatidyhositol 3kinase (PI3KFigure 1.5)%1:200.201 The
recruitment of theseproteim esul t s i n the activation of
of PIR into IP;s and DAG.It is hypothesised that thesdBnd DAGsecondary

messengers to have the same downstream affects as they dellis Bhis includes

changes toranscription, cytokine productioeell survival, cell proliferation,

cytoskeletal contraction and phagocyt&8id-urthermoreactivationof the TREM2
pathwaywithin microgliahas been demonstrated to promote-enftammatory

responses?.

It must be stated that tmeicroglial TREM2 signalling pathwais still yet to be fully
characterisedand that this is the proposed TREM2 pathway based on the current
literature33203.202 Additionally, it is also unclear to what extent other adaptor proteins

are recruited and assocfated with PLC22

16 Il denti fi ed -PhkeQwaflantsli sease

Inflammatory Bowel

Disease (IBD) B Immune Disorders

B Alzheimer's Disease (AD) M

A686-806
£646-685  AB843-848

I
o

EF
X-Box
spPH
nSH2
cSH2
SH3
SpPH
Y-Box
Cc2

Gamma Specific Array (ySA)

Figure 1.6 P L C doPnain structure annotatevith the knowndiseasdinkedP L C 2 2
variants and their associated disease phenoBgmatic mutations in cancer drug

resistance are not included.
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1.6.1 Mouse models and inherited immune disorders

Wild type (WT)mice treated withthe mutagem-ethykN-nitrosourea (ENU)

introdue d t wo i nd e gayofdunatidn (GDE)@uiaflonsthat caused limb

defects and autoimmunf§??®”. These PLC02 variants were
Y495Cand arenamedas abnormal limb 5 and 14 (Ali5 and Alil4@spectivelyFigure
1.6)2°9297 Upon stimulation oB cells, the Ali5 variant showed an increaséniositol
phosphatgroduction and enhanced intracellular calcium generation, with the Alil4
mutaton displaying similaeffect£®?%’. InBcells,lot h t he Al i 5 and Al
variants hyper activate external calcium emfysingthe expansion of innate

inflammatory cellspltimatelyresultingin the mice experiencing severe

inflammatian?°297 For the Ali5 mutantthe authoriypothesised that the removal of

the negatively charged aspaicid residuenay reluce membrane repulsih
ThereforeperhagP L C22 remains at the membrane | or
with the PIP; substrate, explaing the GOF°°. Additionally, the Alil4 mutationwhich
islocatedit he spPH domain, has been suggested
mechanismresulting in its GOF8 IncontrastP L C2 2 defi ci ent mice
functional defects iB cells, phtelets, mast cellsnd NK cells as well asbsent IgM

receptorinducedcalciumflux2%,

Cold urticariais a symptom of multiplenflammatorydisordes thatcommonlycauses
hives to form on the skjras well aswelling, after exposure to a cold stimutt{s

Patients can also experienagy low blood pressure, fainting evenshock. An
exome(the proteincoding regions of genes in a gengreequencingtudyof 27

patients with inherited cold urticarial revealed deletions in the PLCGZ'gene

Del etions to68he ai®Bd?2c $H06AHGHBs wWereptnd 16
disruptthe autoinhibitorymechanism, leading 8OF (Figure 16)?*%. However,despite

the increasén P L C en2ymatic funtion, ERK phosphorylation and calciuifax were
shownto be reduced in B cefs. It was hypothesised thatllowing its activation, WT

P L C stabilises theaceptoradaptor protein complaxecessary for signal transduction.
Current literatire shows thattheSH2i s | mpor t ant &ndthat PLC22 st
mutations in this domain are indirectly affectiagtoinhibitiot*’. Thereforethe6 4 6
685a n d -@EBBBations are most likely diminishirtgeability of P L C 102

stabilise the complexesulting in a reduction of downstream activiylditionally, the
signalling defect was shown to be temperature sensitive, as decreasing physiological

temperatures resulted in an increase of cytosolic calcium levels, as well as ERK
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phosphorylation in B celf8%. The increase in activity aubphysiologicaltemperatures

couldbe due tontrinsic coldinduced activation which, depending on cell type, can lead

to a variety of acute or chronicg@hotyps®'>2  The t er m -Bskogidtdd ( PLCo
antibody deficiency and immune dysregulation) was used to describe the genetic,

clinical and functional findings®. Interestingly studies have shown patients to

experience PLAIBsymptomswith nodetectabld® L C deketion or mutatiolsuggesting

that the PLAID phenotype is nsblelydue toP L C%3314

A father and daughtexxperiencingkin inflammation, uveitis, colitis and lung

infl ammati on, h a ssdnevarianeSY07Y (Rigure BE). This2 mii

mutation is situatedt a highly conserveaimino acidresidue throughout vertebrat&s

Since its identificationheP L C $7D7Yvariant has beedemonstrated to disrupt the
cSH2and CZ2autoinhibitorymechanism, resulting imcreasd IP3 production,

intracellular calciunflux and ERK phosigorylationwithin different cell type®8-21>216
Furthermore, the prmflammatory cytokinenterleukinl beta [L-1 pwas shown to be
elevated in patiergeripheral blood mononuclear ceBBMC9h ar bour i ng t he
S707Y variatt”. IL-1 b pr ecur sor protein requires pr
caspasd through the NLR family pyrin domain containing 3 (NLRP3) inflammasome,

a large intracellular multipretn complex, to generate matureLB'®. The heightened
IPsmedi ated calcium flux generated from th
to be a key mediator of mature-ILb p r o dsincreasean nytoplasmic calcium

promotes the assembly of inflammaséieAs the disease was classified as

autoinfammatry, t he ter m APLAI D ( auassociated | a mmat i
antibody deficiency and immune dysregulation) was given to classifyethetic,

clinical and functional findings®.

Additionally,fourot her PL C2 2 nelicgirsgehe ARLAD/pAenotypen t s
A708P19220 | 848P*16 M1141K?*tandgp 8 488822 have also beedemonstratetb
incre as e P L Cwuderhathtbasal and stimulated conditionsitro?16-222:223
(Figure 16). Patients harbouring these mutations were experiememgrent
infections, antibody deficiencgnd autoimmunityCharacterisation agheP L @2
A708Pvariantshows it to bene of themost hypermorphi® L C SNFs, producing
significantly morelPsrelative tothe WT control’. Given its close proximity to the
S707YP L C ya#iant, the A708P variant most likely disrupts gheoinhibitory
mechanism through the same procéssthermoretheP L C MP141K varianthas

alsobeen foundo dysregulatéhe autoinhibitory mechanism resulting in increased
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intracellular calciumnflux, ERK phosphorylatiomnd increased apoptosis of immature
B cell subset€®224 However for thepatientseliciting theP L C MP141K variant,
different phenotypewere observetbr each patiensuggestinghatperhapother

factors contribute to the dise&&e

1.6.2 Inflammatory bowel disease (IBD)

A GWAS of IBD patientsdentiied t wo i ndependent PLC22 mi
and R268Whbothlocated in the EF domaiiffigure 16)*3¢ As no nutationsin this
domainhavepreviouslybeen characterised, it is hard to predict if theyirgftaencing

enzymatic activityA recent studyhasreported the R268W variant to cause an increase

in calciuminflux in peripheral B cells, suggesting that this variameghaps

hypermorphié?®. However, furthefunctionalstudies still need to be performed

1.63 Al zhei mer6s disease (AD)

A GWAS of LOAD patientsidentifiedapr ot ect i ve PLGSPhisvari ant
variant is unique compared ethers,as it is located in the linker lve¢en the spPH and
nSH2P L C doPnairs (Figure 16). Thereforejt is not clear if thisrariantis also
affecting the autoinhibition mechanismadilother variants. Functional characterisation
of the variant has shown a mi&OFin activity when stimulatedwith increases in 1P
and DAG production, as well aslciumsignallingdocumentetf®?2% Furthermore,

upon comparable overexpressiorPol C WZ and P522R, the variant was shown to
enhancdé® L @ dependent cholesterol metabolismhiPSCderived microglia cells
suggesng thatalterations in microglial lipid metabotis might contribute to LOAE?.
However, furthefunctionalcharacterisatioof the variant is still needed as confiing
phagocytosis datiass been publishedwith substrate dependeinicreass and decrease

in phagocytoss reported?®2?’ Studies have showdementia and mild cognitive
impairment (MCI) patients carrying th#b22R varianto have lowemphosphorylated

Tau 181 pTausy) concentratios and totalTau levels in their cerebrospinal fluid (CSF),
classical hallmarks of ADgompared to nowarrier$?822° Additionally, the variant has
beenassociated with an increased likelihood of longeasywell axounteraahg the
harmfule f f ect of tH® APOE U4 allele

To the ontrary, a rarenissense variant of PLo2, M28L, has beesuggestedo confer

increased AD ris®™. Previous characterisatn oftheP L C M28L variantshowed no
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change irenzymaticactivity'’®. As this variant has activity comparableRd- C WZ it

could act as a contrfbr futurestudies.

164 Engineered PLC22 mutations that affect

Itishelpfult o i denti fy inactive forms of PLC22
subsequent experimentsuman embryonic kidney 29BIEK293) cellstransfected

with P L C sDONA harbouring thelouble histidine 327/372 to phenylalanine mutation
(H327/372Fweredemonstratetb becatalytically inactive whecomparedo the

P L C WZ control(Figure 16)?%2 FurthermoreWalliseret al, generated ® L C 2 2

cDNA construct that replacetie four tyrosineesiduegY753, Y759, Y1B7, Y1217)

known to be phos phaotivayidnveith ghehylahninesjnradditidh L C o 2

to aP L C m@&ation that prevenacactivation, F897Q. The construct was

characterised dipase dead inCO3Bcellsand is abbrevi at%'%€d to 0

1.6.5 Summary

A summary otthe reportegjermline/norsomaticP L Co 2  dinked eaaasitais
presentedn Table 1.2The observed clinical phenotype is likely due tofhe C o9 2
variantaffecting either the autoinhibitory interface, allosteric networks, membrane
interactons, domain stability or interactions with regulatory protéiiSomaticP L C o 2
mutations that are causag of cancer drug resistanage not being covered in this
thesis as they do not fit within the scope of inflammation. However, all APLAID

mutations are associated with cancer resistance.

PLCo 2 P Intracellular
2
Species Mutat Association| Domain | Production | Calcium References
utation
vs. WT Flux vs. WT
D933G Ali5 Y-Box |V Y 205,207
Mouse :
Y495C Alil4 spPH |V % 205,206
p6 4685 cSH2 |y 7 211
6 3866 PLAID cSH2 | 5 )
® y
& SH3
Human | S707Y CSH2 |9 ¥ 215,216
A708P cSH2 |y N/A 171,222
APLAID
L848P SpPH |y N/A 216
M1141K C2 N/A ¥ 223,224
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P8 4888 spPH |V N/A 222
H244R EF N/A N/A 138
R268W 5P EF N/A y 138
spPH
P522R D nSH2 |y ¥ 139,226
Linker
M28L PH - N/A 176
Table 1.2 Summary ofiteratureP L Co 2 dinkede aseants. Abbrevi a

i ncr ease, -Xnddhandee(b/A)aa available((APLAID) autoinflammation
and Pdsghoia?ed antibody deficiency and immune dysregulation, (PLAID)

P L C-as®ociated antibody deficiency and immune dysregulatiBD) (inflammatory
bowel diseas§¢ AD) Al z h e i, (Rel)pléckstrim horaotogyEE) EF-hands,
(X'and Y box)TIM barrel, (C2)C2 domain (spPH)split PH (nSH2 and cSHPn and ¢

terminussrchomology2 and(SH3) srchomolgy 3.

1.7 Cell Models

1.7.1 Human nduced pluripotent stem cellsiPSCs)and embryonic stem cells
(hESGs)

Over recent years, hES@ndhiPSG have beeincreasingly used as a model system in
biomedical research because of their ability to be differentiated into many different cell
typesthatcan be used to model diseases and disorders at a cellulaflA&hESC

are derived fromhe inner cell mass of developing embryib®y serve as goad vitro
models of embryonic developmétft Whereas, hiPSCs are not derived from embryos
and are designed to mimic hE€SHowever, hiPSCsdo offer their own unique
advantages. Firstly, thesliminate the ethical issues presented by hESCs due to their
embryonic origis. Secondly, they allow for thgroduction of patienspecific

pluripotent stem celf€®. This is achieved by overexpressing four defined transcription
factors:octamerbinding transcription factof (Oct4), Kriippeltlike factor 4(Klf-4), ¢

myc andsex determimig region ¥box 2(Sox2) in human somatic cefi®237 Global
gene expression profiles of hESCs and hiPSCs are mostly similar with subtle
differences in messenger RNAs and microRNAs rep&ttétf2? However,no unique
epigenetic or transcriptiah deviationis found to be shared by all hiPSC lif€s
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1.7.1 Stem celderived macrophage precursors (preMammacrophages

Myeloid cells are aital component othe human innate immune system and their
dysregulation has been implicated in several dis&ds®éithin in the field, challenges
regardingdoror variability of primary blooetlerived cellsas well assolation of tissue
resident macrophagesmpromiseexperimentatioff’. Tocombat tleseissues, several
protocols to generatePSCGderivedmacrophage cells have been published.
Spontaneousnesoderndifferentiationof stem cellsszia embryoid bodie$EBS),

followed bytimed exposur#éo macrophage colony stimulating factor {&6F) and
interleukin3 (IL-3) inducesmyeloid differentiatiorfor the production omacrophage
precursorsfreMacs*2. This method offers wgirtually unlimitedsupply ofin vitro
generategreMac cellswith consistent genotype and function, eliminating the risk of
donor variability where need&d preMac cells generated via this protocol have
demonstrated good expression of the myeloid markers CdtHgrin subunit alpha
M), CD14(cluster ofdifferentiation 14 and CD68cluster of differentiatior68) over

the lifespan on the ceffS. HarvestedreMacs exposed to XVIVO15 media
supplemented with MCSFfor 7 daysresults in the generation of macrophage €€lls
Compared to primary bloederived macrophagethese stem cetlerived macrophages
exhibit similar polarisation, as well athigherrate ofengulfment of dead and dying

cells (efferocytosiy

1.7.2 Stem ceHderivedmicroglia

Over recent years it has become more evident thantbiology does not always
recapitulate humahiology, especially in the context of X242 Comparinghe
homologyof human and mouse proteins enriched in microglia, showsvkatalf of
the proteinglisplay less than 70% homoldd§ Furthermore,ignificantgene
expressiordifferencesetweernuman and mouse microglia haveebelocumented
especiallyin the context of theomplement systenseveral inflammatory cytokineas

well asgenes related to neurodegenerative diseasel as AD»247:248

In order tosolvethis issue, somkabs have established procedures to obtain primary
human microgli%*. However, the process is not straightforward. Firstly, very s |
have the access and the expertise to process human brain tissue, and those that do
harvest a low number of microglia, making it very challenging to perform multiple
experiments. Secondly, primary saegphre often obtained from paabrtempatients

tha have different ages and disease progression, that can potestr#iyindthe
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interpretation of experimental resulBnally, it has beedemonstrated that once
microglia are removed from the brain, they undergo rapid transcriptomic and
phenotypic chages that diminish the accuracy of these cells as a model ¥oro

microglia®’->3:2%0

In order to acumventthe issues associated with primary human and mouse microglia,
multiple protocols have been developedémerate large numbers of huntiked

microglia, derivedfrom preMac$®%. These protocols aim to mimic microglia

development byimely exposing thegreMacsto growth factors and smaholecules

Stem celderivedmicrogliaar e def i ned &acauseithey havg hot keeend | i k
generated from the natiy®lk sacerythromyeloid progenitorghe ability to mass
producehumanmicrogliadikebcellsallows researchers to perfomultiple high-

throughput experimentsr applications such as drug screeniag well as disease

modelling Furthermore, the abundance of cells means multiple control groups and
experimentateplicates can be run, adding further validitystodies A detailed

summary of the molecular markers and functicasdaysised to characterise human

pluripotentstem cellderivedmi cr ogl i a 61l i ked cell s from n
Table 1.3.
Protocol Pluripotent stem cell derived microglia cell characterisation

Muffat et al>>? | Morphology: multiple thin firstorder branches

ICC: TMEM119, P2RY12, IBA1, CD45

RNASeq: TMEM119, MERTK, C1QA, P2Y12, P2Y13
Haenseler et Morphology: ramified (secondary branches)

al.242 Flow cytometry: CD11b, CD11c, CD14, CD45

gPCR: C1QA, GAS6, GPR34, MERTK, P2Y12, TREMZ2,
TMEM119

Abud et al>? Morphology: high nucleus to cytoplasm ratio

ICC: PU.1, CX3CR1, TREM2, P2Y2L TGFBR1, PROS1,
MERTK, ITGB5

gqPCR: P2RY12, GPR34, C1Q, TREMZ2, APOE
PhagocytosispHrodcE.coli

Calcium Signalling: ADP-response

Table 1.3Summary of thenorphology,molecular markers and functional tests used to

characterise humapluripotentstem cell derivedni cr ogl i a o661 i ked cel |
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(ICC) immunocytochemistry(RNASeq) RNA sequencing and (qPCR) quantitative

polymerase chain reaction.

Stem ceHlderived nicrogliahave a similar transcriptomic and functional profile to that
of cultured human adult anddtal microglig>3. However, as microglia do not exist in
isolation,questions have been raiseceowhether data generated using monocudture
microgliain vitro could be translated to the function of microgtiavive?*®. Thus,while
monoaillture experimenta/ould likely provide an initialassessment of microglial
function,additional application ofo-cultureor organoidmethods that combine
microglia with stem celtlerivedneurons, strocytes, endothial cells, or other cell

types wouldikely provide important additional informatioRurthermore, stem cell
derivedmicroglia transplanted o mouse brairtanalso providea more physiologically

relevant model to addressi ¢ r o mlé in ADdathophylogy.

1.8 Aims

P L C bypermorphic variants.g. S707Yhave been demonstratedincrease

enzymatic activityesulting in alterations tdownstream signallingqrecent GWAS and
clinical studies have iinkednariants thatatestiydtt i pl
to be fully characterised to understand what effect, if any, they have on disease initiation

or progressionfT he i denti fication of the LOAD pro
suggests that PLCo2 pl ary.s Howeweri,alPL Qo 2ni
models have yet to fully decipher what role this variant has on microglia function,
especially given its mild GOF activity. Therefore, in order to better clarify the role that
PLC22 has on microgl i al uldted hypermomphicasdriantsy , g «
of PLC22, such as wudeckinstdnt c@Hderived migraglatot , can
characterise what effect strong hyper mor |
function More specifically] will address the following aims:

1. Characteriseand rankhe enzymatic activity afare anchovelP L C disasdinked
variants

2. Explore the role that nitity®@ada Zh gh &4 Cior2 riNTcC re
S707Y hiPS&derived microglia

3. Characteris¢heimpactthe diseaséinkedP L C $7D7% varianthas on microglial

gene expressioto understand disease mechanisms.
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Chapter 2 - Materials and Methods

2.1 Materials

Table 2.1 General reagents used for various techniques

ltem Catalogue Number | Manufacturer
Ethanol Absolute 10342652 VWR Chemicals
Distilled Water(MilliQ) - -

UltraPure DNase/RNadéree .

Distilled Water 10977035 Invitrogen

1x Dulbecco's PhosphaBRuffered

Saline (PB$ No Calcium, No 14190094 Gibco
Magnesium

Chloroform 22711.290 VWR Chemicals
Isopropanol P/7500/21 Fisher Chemical

Table 2.2 Bacterial culture reagents

ltem Catalogue Number | Manufacturer

Miller LB Broth L3522 Sigma

Miller LB Agar L3027 Sigma

Kanamycin 15160054 Gibco

Ampicillin A5354 Sigma

S.0.C. Medium 15544034 Invitrogen

Glycerol G5516 Sigma

XL1-Blue MR Supercompetent Cell; 200229 Agilent Technologies

Table 2.3 Site-directed mutagenesksts andDNA extraction kits used to isolate DNA

from bacteriahnd human cultures

Iltem

Catalogue Number

Manufacturer

QuikChange Lightning Sit®irected

Mutagenesis Kit 210518 Agilent Technologies
QIAprep Spin Miniprep Kit 27106 Qiagen
QIAGEN Plasmid Plus Maxi Kit 12963 Qiagen
DNeasy Blood & Tissue Kit 69504 Qiagen
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Table 2.4 Agarose gel electrophoresis reagents

ltem Catalogue Number | Manufacturer
Agarose Powder A9539 Sigma

UltraPure DNA Typing Grade 50x .

TAE Buffer 24710030 Invitrogen

1kb Plus DNA ladder 10787018 Invitrogen

SYBR Safe DNA Gel Stain S33102 Invitrogen

NE Buffer 3.1 (10x) B7203S New England Biolabs
DNA Gel Loading Dye (6x) RO611 ThermoScientific

Sall Restriction Enzyme R0138S New England Biolabs

Table 2.5 Commercial plasmids

ltem Catalogue Number | Manufacturer
EGFR WT 11011 Addgene
Table 2.6 Commercial cell lines
ltem Catalogue Number | Manufacturer
HelLa CCL-2 ATCC
COS7 CRL-1651 ATCC
SH-SY5Y CRL-2266 ATCC
Table 2.7 Cell culture reagents
ltem Catalogue Number | Manufacturer
DMEM (High Glucose, GlutaMAX .
Supplement, Pyruvate) 31966021 Glbco
DMEM/F-12, GlutaMAX )
Supplemertd 31331028 Gibco
RPMI-1640 Medium 11875093 Gibco
Fetal Bovine Serun(FBS) F9665 Sigma
Penicillin-Streptomycin Solution 15140148 Gibco
Opti-MEM 31985062 Invitrogen
Trypsin 25200056 Gibco
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Innovative Cell

Accutase AT104
Technology
b-Mercaptoethanol (55mM) 21985023 Gibco
Geltrex LDEV-Free Reduced Growt
- | A1413201 Gibco
FactorBasement Membrane Matrix
RevitaCell Supplement (100x) A2644501 Gibco
UltraPure 0.5M EDTA 15575020 Invitrogen
StemCell
mTeSR1Plus 1000276 _
Technologies
. ' StemCell
Vitronectin XF 07180 _
Technologies
) o StemCell
Gentle Cell Dissociation Reagent | 1000485 .
Technologies
_ o _ StemcCell
Anti-Adherence Rinsing Solution | 07010 _
Technologies
) StemCell
37uM Cell Strainers 27250 .
Technologies
Recombinant Human BMR (HeLa
_ 12005 Peprotech
Derived)
Recombinant Human VEGF165 100-20 Peprotech
Recombinant Human SCF 30007 Peprotech
X-VIVO 15 Serumfree
o . BE02-060F Lonza
Hematopoietic Cell Medium
GlutaMAX Supplement 35050061 Gibco
Recombinant Human MCSF 30025 Peprotech
Recombinant Human H3 20003 Peprotech
Recombinant Human H34 200-34 Peprotech
Recombinant Human TGFE 1
) 10021 Peprotech
(HEK293 derived)
CholesterciWater Soluble C4951 Sigma Aldrich
Advanced DMEM/F12 12634010 Gibco
N2 Supplement (100x) 17502001 Gibco
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Santa Cruiz

Y-27632 dihydrochloride SCG281642A )
Biotechnology
Neubauer Improved-Chip
. DHC-N01-50 NanoEnTek
Disposable Haemocytometer
DMSO D8418 Sigma Aldrich
KnockOut Serum Replacement 10828028 Gibco
Countess Cell Counting Chamber .
_ C10228 Invitrogen
Slides
Trypan Blue Stain (0.4%) T10282 Invitrogen
Nalgene Mr. Frosty Freezing o
_ 51000001 Thermo Scientific
Container
Human Plasma Fibronectin F2006 Sigma Aldrich
Table 2.8 Mycoplasma detection reagents
ltem Catalogue Number | Manufacturer
MycoAlert Mycoplasma Detection
_ LTO7-318 Lonza
Kit
Table 2.9 Transfection reagents for adherent cells
ltem Catalogue Number | Manufacturer
Lipofectamine 3000 L3000015 Invitrogen
jetPEI DNA Transfection Reagent
_ 101-10N Polyplus
Kit
Lipofectamine 2000 11668019 Invitrogen
PLUS reagent 11514015 Invitrogen
Lipofectame LTX 15338100 Invitrogen
Table 2.10 Cell lysis and protein determination reagents
ltem Catalogue Number | Manufacturer
RIPA Buffer 20-188 Millipore
cOmplete Protease Inhibitor Cocktg 4693116001 Roche
PhosSTOP 4906845001 Roche
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PierceCoomassie (Bradford) Proteii
Assay Kit

23200

Thermo Scientific

Table 2.11 Western blotting reagents

ltem

Catalogue Number

Manufacturer

NuPAGE LDS Sample Buffer (4x)

NPOOO7

Thermo Fisher

NuPAGE Sample Reducing Agent

NP0O009 Thermo Fisher
(10x)
4i 15%Mini-PROTEAN TGX _
. 4561086 Biorad
Precast Protein Gels, 4&ell, 15uL
Chameleon Duo PsBtained Protein
92860000 LI-COR
Ladder
NuPAGE MES SDS Running buffer .
NP0002 Thermo Fisher
(20x)
NuPAGE Transfer Buffer (20x) NP0O006 Thermo Fisher

AmershamHybond Western Blotting

GE Healthcare Life

Membranes, PVDF 10600023 Sciences

Met hanol 099. 8% |20847.307 VWR Chemicals
TWEEN 20 P1379 Sigma

Bovine Serum AlbumifBSA) A9418 Sigma
Table 2.12 WES reagents

ltem Catalogue Number | Manufacturer

12-230 kDa WesSSeparation Module|

8 x 25 capillary cartridges + EZ SM-W004 Protein Simple

Standard Pack

Anti-Rabbit Detection Module For o
DM-001 Protein Simple

WES

Anti-Mouse Detection Module For o
DM-002 Protein Simple

WES
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Table 2.13 Antibodies for western blosnd WES

ltem

Catalogue Number

Manufacturer

PhospheP L C20 2 (Y759)
(Rabbit)

3874

Cell Signaling

Technologies

Anti-tPLC22 Anti body

3872

Cell Signaling
Technologies

Anti-PL C22 Pol ycl on

' A2182 ABclonal
(Rabbit)
Anti-PL C22 Antleh ody

) sc9015 Santa Cruz
(Rabbt)
Anti-PL C2 2 AMBtl0)body

Sc5283 Santa Cruz
(Mousg
Donkey antiRabbit IgG (H+L)
Highly CrossAdsorbed Secondary | A10043 Invitrogen
Antibody, Alexa Fluor 680
_ _ _ Cell Signaling

Anti-GAPDH Antibody (Rabbit) 2118

Technologies

Antibody (Rabbit)

Anti-PL C21 Ant i body 05163 EMD Millipore
_ _ Cell Signaling
Anti-GAPDH Antibody (Mouse) 4267 _
Technologies
_ _ _ Cell Signaling
Anti-NF-a B pA@ibody (Rabbi) 8242 .
Technologies
PhospheNF-a B 6 5 Sel Cell Signalin
p p ) ( 3033 g g

Technologies

Table 2.14 qPCR reagents

Item Catalogue Number | Manufacturer
TRIzol Reagent 15596026 Invitrogen
RQ1 (RNAseFree) DNAse 10x
_ M198A Promega

Reaction Buffer
RQ1 (RNAseFree) DNAse (1uL/

QLI ) ( Ho M610A Promega
of RNA)
RNAse Inhibitor 4374966 Applied Biosystems
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10X RT Buffer

10X RT Random Primers

25X dNTP Mix (100 mM)
MultiScribe Reverse Transcriptase
(50 Units/pL)

RQ1 DNAse Stop Solution M199A Promega
RT-gPCR One step Master Mix OSPLUSXXML Primerdesign Ltd
RT-gPCR MasteMix PPLUSXXML Primerdesign Ltd
DNAse DNASE-50 Primerdesign Ltd
LightCycler 480 SYBR Green |
Master (2X) 04707516001 Roche

Table 2.15 TagMan Primers
ltem Catalogue Number Manufacturer
PLCgl Hs01008225 m1l Thermo Fisher
PLCg2 Hs01101857 _m1l Thermo Fisher
P2RY12 Hs00375457 _m1l Thermo Fisher
AIF1 (IBA1) Hs00610419 g1 Thermo Fisher
TREM2 Hs00219132_m1l Thermo Fisher
CD68 Hs02836816_g1 Thermo Fisher
CX3CR1 Hs01922583 sl Thermo Fisher
BLNK Hs00179459 m1l Thermo Fisher
SYK Hs00895377_m1l Thermo Fisher
LYN Hs01015816 _m1l Thermo Fisher
BTK Hs00975865 m1 Thermo Fisher
CD14 Hs00169122 g1 Thermo Fisher
MERTK Hs00179024 _m1 Thermo Fisher
ITGAM (CD11b) Hs00167304_m1 Thermo Fisher
PTPRC (CDA45) Hs04189704_m1 Thermo Fisher
SAC2A5 Hs01086390 m1l ThermoFisher
SPI1 (PU.1) Hs02786711 m1l Thermo Fisher
ACTB JN177175 Primerdesign Ltd
ATP5B JN177176 Primerdesign Ltd
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uBC

CPGO-02-000007

Primerdesign Ltd

Table 2.16 Reagents for the fixing and staining of cells

ltem Catalogue Number | Manufacturer
Paraformaldehyde (PFA) F8775 Sigma
Triton X X100 Sigma
Bovine Serum Albumi{BSA) A9418 Sigma
Table 2.17 Antibodies for immunocytochemistry (ICC)

ltem Catalogue Number | Manufacturer
Anti-IBA1 (Rabbit) Antibody 01919741 Wako
DAPI (4',6-Diamidino-2- S
Phenylindol 62248 Thermo Scientific
Goat antiRabbit IgG (H+L) Cross
Adsorbed Secondary Antibody, A-11008 Invitrogen
Alexa Fluor 488

_ _ _ Cell Signaling
Anti-NF-a B A@ibody (Rabbi) | 8242

Technologies

Table 2.18 Assay kits

Viability Assay

Item Catalogue Number | Manufacturer
IP-One Gq Kit (20,000 tests) 62IPAPEC Cisbio
FLIPR Calcium 6 Assay Kit R8191 Molecular Devices
CellTiter-Glo Luminescent Cell

G7571 Promega

MSD V-PLEX Viral Panel 2 (human
kit

K15346D

Meso Scale Discover

Table 2.19 Reagents for cell stimulation

Iltem

Catalogue Number

Manufacturer

Epidermal Growth Factor (EGF)

Recombinant Human Protein

PHGO0311

Gibco
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TREM2 Polyclonal Antibody AF1828 Bio-Techne
GoatlgG Isotype Control AB-108C Bio-Techne
Human Fc gamma RIIA/CD32a _
' AF1875 Bio-Techne
Antibody
Ultra Pure ATP V915B Promega
lonomycin calcium salt from _ _
10634 Sigma Aldrich
Streptomyces conglobatus
Lipopolysaccharides from ) )
o ) L2880 Sigma Aldrich
Escherichia coli O55:B5
Table 2.20 Phagocytosis assay reagents
ltem Catalogue Number | Manufacturer
Protein LoBind, 50 ml, concial tube| 0030122240 Eppendorf
Protein LoBind, 15 ml, concial tube| 0030122216 Eppendorf
pHrodo iFL RedSTREster (amine .
. P36010 Invitrogen
reactive)
Hanks' Balanced Salt Solution
(HBSS)- No Calcium, No 14175095 Gibco
Magnesium, No Phenol Red
Live Cell Imaging Solution A14291DJ Invitrogen
Cytochalasin D PHZ1063 Invitrogen
Table 2.21 Cell culture and assayqtes
ltem Catalogue Number | Manufacturer

96 Well Microplate (Ubottom)

650970 Greiner BiecOne
Clear
AggreWell 800 34811 StemCell
CellCarrier96 Ultra Microplates, )

6055302 PerkinElmer
Black
96 Well HTRF IP, Plate 66PL96025 Cisbio
White 96Well TissueCulture Plate 655083 Greiner BieOne
6 Well 657160 Greiner BieOne
24 Well 3524 Corning
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384 Well Plate, Black 781091 Greiner BioOne
384 Well Plate,v Bottom Clear 781280 Greiner BioOne
T-25 Flask 690175 Greiner BieOne
T-75 Flask 658175 Greiner BieOne
T175 Flask 660175 Greiner BioOne
LightCycler 480 Multiwell Plate 384

White 04729749001 Roche

Petri Dish 632180 Greiner BieOne

2.2 Methods

2.2.1 Luria-Bertani (LB) medium and LB agar plates

Luria-Bertani (LB) medium was made by dissolving Miller LB broth (Sigma) in
distilled water at 25¢g/L. The resulting solution was sterilised in an autoclave at 121°C

until the cycle was completed.

LB agar was made by dissolving Miller LB agar (Sigma) stilied water at 40g/L,

before being autoclaved by the same process. The LB agar was then allowed to cool to
~40 AC before 100gg/mL of ampicillin (Sigm
LB agar was poured into sterile petri dishes and allowed to $etel®eing stored at

4°C.

2.2.2 Bacteria transformation

0.8% Lo f -Mdrcaptoethanol (Agilent Technologies) was added to 25 o f-bluX L 1

MR supercompetent cells (Agilent Technologies) before incubation on ice for 10

minutes, with gentle agitation every 2 minut&5g of purified plasmid DNA was then

added to the cells before incubation on ice for 30 minutes, with gentle agitation every 5
minutes. The cells were then subjected to a heat shock treatment of 42°C for 45

seconds, before being plunged in ice for dutés. The cell suspension was then added

t o 450 swarmed (37{C) S0.C medium (Invitrogen), before being incubated at
37AC for 1h with shaking at 230 rpm, to
cell suspension was then spread onto andgd plate, containing the relevant plasmid
selective antibiotic. The LB agar plate was then incubated for 16h at 37°C to allow for

the production of visual colonies, before being sealed and stored at 4°C.
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2.2.3 Bacteria cultures

Individual bacterial colonies wetinoculated in 10mL of LB medium supplemented

with 100egg/ mL of ampicillin or kanamycin
Alternatively, 5mL LB medium starter cul i
ampicillin or kanamycin were incubated for 8h @G, with shaking at 230 rpm. 1mL

of the starter culture was added to 99mL
of ampicillin or kanamycin. Large 100mL cultures were grown fdr dt637°C, with

shaking at 230 rpm. Bacterial cultures were centrifugdd@® rpm for 40 minutes at

4°C, with the resulting pellets either frozen2@°C or used immediately for plasmid

DNA isolation.

2.2.4 Glycerol stocks

Gl ycerol stocks of bacterial cultures we]l
(Sigma) in UltraPure DN&RNase-r ee di sti |l 1l ed water (Il nvi
bacterial culture prior to storing €80°C.

2.2.5 Streaking glycerol stocks

leL of the bacterial gl ycer olbeferdbeiogk was ¢
spread onto LB agar plates containing thevaahe antibiotic.The LB agar plate was
then incubated for 16h at 37°C to allow for the production of visual colonies, before

being sealed and stored at 4°C.

2.2.6 Plasmid DNA isolation

PlasmidmammalianrDNA was isolated from bacteriluman inducible pluripoterell

pellets For the bacterial DNA extractiothe QlAprep Spin Miniprep Kit (Qiagemy

the QIAGEN Plasmid Plus Maxi Kit (Qiagenyas usedn accordance with the

manuf act ur e Fobemchgituth&®led s mieds .DNA was el ut ed
2 0 0 ¢ Ultra®dre DNase/RNaderee distilled water, respectivelyor the

mammaliarDNA extraction, thdDNeasy Blood & Tissue Kivas usedn accordance

wi t h t he miastructforavath therDélAelated into200 ¢ af Buffer AE.

DNA concentrations were quafitid using a SpectraMax QuickDrop Mieklume

Spectrophotometer (Molecular Devices), before being stor@DaCL.
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2.2.7 Agarose gel

A 0.7% agarose gel was made by dissolving 0.7g of agarose (Sigma) in 100mL of 1x
Tris-acetateEDTA (TAE, Invitrogen), dilutedm distilled water. The resulting mixture

was heated until all the agarose powder had been solubilised. The gel was then placed
into a cast and allowed to set.

The recipe for the restriction eTalleg me di
2.22 The resulting solution was incubated at 37°C for 1h so that the restriction enzyme
could cleave the DNA.|& of DNA gel loading dye (Thermo Scientific) was then

added to theeaction mixturéefore6ulL (100ng of DNA) of the reaction mixture was

then added to each well of the agarose gédl.af the 1kb Plus DNA ladder

(Invitrogen) was added as a reference for the molecular weight band. Gels were run at
60V for 110 minutes. Téagel was then incubated in the dark for 16h at 4°C in 100 ml of

1x TAE buffer supplemented with @0 of SYBR Safe DNA Gel Stain (Invitrogen).

The gel was then imaged on an Amersham imager 680 (GE Healthcare Life Sciences).

Table 2.22 Restriction enzyme digestion ipe

Reagent Volume

Sall Restriction Enzyme 0.2uL

Pl asmid DNA ( PL|200ng

NE Buffer 3.1 (10x) luL

Pure Water Make the total volume to 10uL

2.2.8 Plasmids

PL CpRRiEx-4 ( PiHGpaldpeGFRP L Co 2 (GFR)@ext@rsvhich encode

the full lengthwildt y pe ( WT) h u maas welt &s@he @mpigeCRRE]

vectorwere kindly provided by ProMatilda Katan (UCL. London, England These
vectors were used as a templ at-directecd cr eat
mutagenesis. Epidermal growth factor receptor (EGFR) plasmids were obtained from
Addgene Table 2.23ists all the plasmids used in this study.
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Table 2.23 Plasmids used in tretudy

Plasmid

Antibiotic

Key property Vector _ Source
name resistance
EGFR WT | EGF Receptor (EGFR) pBABE Ampicillin | Addgene
PLCHIS ) ) . Matilda
FL hPLCG2 wildtype cDNA | pTriEx-4 Ampicillin
WT Katan
PL CHIS | FL hPLCG2 cDNA: , o Daniel
pTriEx-4 Ampicillin
P522R €.C1565G mutant Bull
PL C4HI&S | FLhPLCG2 cDNA: c.C802T _ o Daniel
pTriEx-4 Ampicillin
R268W mutant Bull
PLCHIS | FLhPLCG2 cDNA: _ o Tom
pTriEx-4 Ampicillin
P8 4888 c.del25332544 mutant Bunney
FL hPLCG2 cDNA: c.C979T,
PL CHIS _ o Daniel
A980T, C1114T & A1115T | pTriEx-4 Ampicillin
H327/372F Bull
mutant
PLC4HI&S | FLhPLCG2 cDNA: _ o Daniel
pTriEx-4 Ampicillin
M1141K C.T3422A mutant Bull
PL CHIS | FL hPLCG2 cDNA: _ o Tom
pTriEx-4 Ampicillin
A708P €.G2122C mutant Bunney
PL C4I&S | FLhPLCG2 cDNA: _ o Daniel
pTriEx-4 Ampicillin
V1103 ¢.G3307A mutant Bull
PLCHIS | FLhPLCG2 cDNA: _ o Daniel
pTriEx-4 Ampicillin
D993G €.A2978G mutant Bull
PL C4HI3 | FLhPLCG2 cDNA: Daniel
pTriEx-4 Ampicillin
S707Y ¢.C2120A mutant Bull
FL hPLCG2 cDNA: c.
A2258T, C2259T, A2276T,
PL CHIS Daniel
A3590T C3591T, A3650T, | pTriEx-4 Ampicillin
4F+F897Q Bull
T2689C, T2690A & T2691A
mutant
PL C4I83 | FLhPLCG2 cDNA: c.C730A _ o Daniel
pTriEx-4 Ampicillin
H244R A731G & T732A mutant Bull
PL C4HIS | FL hPLCG2cDNA: c.A82C _ o Daniel
pTriEx-4 Ampicillin
M28L mutant Bull
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. | Matilda
peGFRC1 Empty Vector peGFRC1 | Kanamycin
Katan
PL C&REP ) | Matilda
FL hPLCG2 wildtype cDNA | peGFRC1 | Kanamycin
WT Katan
P L C&RP | FL hPLCG2 cDNA: | Daniel
peGFRC1 | Kanamycin
P522R €.C1565G mutant Bull
P L C&RBP | FL hPLCG2 cDNA: | Daniel
peGFRC1 | Kanamycin
D993G €.A2978G mutant Bull
P L C&RPP | FL hPLCG2 cDNA: | Daniel
peGFRC1 | Kanamycin
S707Y ¢.C2120A mutant Bull
FL hPLCG2 cDNA: c.C979T,
PL C&REP | Daniel
A980T, C1114T & A1115T | peGFRC1 | Kanamycin
H327/372F Bull
mutant

2.2.9 Sitedirected mutagenesis

Site direct mutagenesis was performed in accordance with the manufactures instructions
using reagents from the QuikChange Lightning-ditected mutagenesis kit (Agilent
Technologies). The PGBased mutagenesis reactions were prepared dapler 2.24

The forward and reverse mutagenesis primers (Sigma) used to introduce the nucleotide
changes are listed ifable 2.25 Reactions were subjected to the thermal cycling

conditions shown iTable 2.26

22.5¢lL of the tranos f2o50held ofel3.sO.w@.s naeddieu
recover for 1h at 37°C with shaking at 230 rpm. Cells were then spread osatgalB

pl ates containing 100egg/mL ampicillin or
resistance of the plasmid) to select for succegsfidhsformed cells. Plates were then
incubated at 37°C for 16h before being stored at 4°C.

Table 2.24 Site-directed mutagenesis reaction composition, derived from the
QuikChange Lightning sitdirected mutagenesis kit protocol

Reagent Volume
10x QuikChange Lightning Buffer 2.5uL
PLCo2 WT Pl asmid 100ng
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Forward Primer 125ng
Reverse Primer 125ng
dNTP mix 0.5uL

QuikSolution reagent 0.75uL

UltraPure DNase/RNaderee Distilled Water

Make 25uL total volume

QuikChange Lightnin

g Enzyme 0.5uL

Table 2.25 Forward and reverse primers used for-ditected mutagenesis

Primer Name

Sequence (506 to 36

Target Variant

PLCg2_D993G_F

CAAAGGGACAAAGAGTTGGCTCTTC
AAACTACGACCC

D993G
GGGTCGTAGTTTGAAGAGCCAACTC
PLCg2_D993G_R
TTTGTCCCTTTG
CTGAACAAAGTCCGTGAGTGGATGA
PLCg2 R268W_F
CAAAGTTCATTGAT
R268W

PLCg2 R268W_R

ATCAATGAACTTTGTCATCCACTCA
CGGACTTTGTTCAG

PLCg2 H244R_F

TGCCTCTGCTGTTTACCTGAGAGACT]

TCCAGAGGTTTCTCA
H244R
TGAGAAACCTCTGGAAGTCTCTCAG
PLCg2 H244R_R
GTAAACAGCAGAGGCA
GAGGAAGTGCCCCAGGATATAAGG
PLCg2 P522R_F
CCTACAGAACTACATT
P522R
AATGTAGTTCTGTAGGCCTTATATCC
PLCg2 P522R_R
TGGGGCACTTCCTC
CGCTTTGTGGTTTATGAAGAAGATA
PLCg2 M1141K_F M1141K

AGTTCAGCGATCCCA
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PLCg2_M1141K_R

TGGGATCGCTGAACTTATCTTCTTCA
TAAACCACAAAGCG

PLCg2_S707Y_F

GCACTTTGTGCTGGGGACCTACGCC
TATTTTG

PLCg2_S707Y_R

CAAAATAGGCGTAGGTCCCCAGCAC
AAAGTGC

S707Y

PLCg2_H327F_F

TTACTGGATCTCCTCGTCATTTAACA

CGTACCTTACAGGT
H327F
ACCTGTAAGGTACGTGTTAAATGAC
PLCg2_H327F_R
GAGGAGATCCAGTAA
AAGCCGGTCATCTACTTTGGCTGGA
PLCg2_H372F_F
CGCGGAC
H372F

PLCg2_H372F R

GTCCGCGTCCAGCCAAAGTAGATGA
CCGGCTT

PLCg2_F897Q F

GACAGGGTGGAGGAGCTCCAAGAG
TGGTTTCAGAGCATC

PLCg2 F897Q R

GATGCTCTGAAACCACTCTTGGAGC
TCCTCCACCCTGTC

F897Q

PLCg2_M28L_F

AGCTGGGGACGGTGCTGACTGTGTT
CAGCTT

M28L
AAGCTGAACACAGTCAGCACCGTCC
PLCg2 M28L_R
CCAGCT
AGAGATATAAACTCCCTCTTTGACG
PLCg2 Y753F F
TCAGCAGAATGTATG
Y753F
CATACATTCTGCTGACGTCAAAGAG
PLCg2 Y753F R
GGAGTTTATATCTCT
CCTCTTTGACGTCAGCAGAATGTTT
PLCg2 Y759F F Y759F

GTGGATCCCAG
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CTGGGATCCACAAACATTCTGCTGA

PLCg2_Y759F R
CGTCAAAGAGG

CCTGGAGAGCGAAGAGGAACTTTTT

PLCg2_Y1197F F
TCCTCCTGTCGC

Y1197F

GCGACAGGAGGAAAAAAGTTCCTCT

PLCg2_Y1197F R
TCGCTCTCCAGG

ACTGAACAACCAGCTCTTTCTGTTTG

PLCg2_Y1217F F
ACACACACCA

Y1217F

TGGTGTGTGTCAAACAGAAAGAGCT

PLCg2_Y1217F R
GGTTGTTCAGT

CAACAAGTTCAAGACGACGATTGTG

PLCg2_V1103l_F
AATGATAATGGCCT

V1103l

AGGCCATTATCATTCACAATCGTCG

PLCg2 V1103l_R
TCTTGAACTTGTTG

Table 2.26 Thermal cycling conditions for sHdirected mutagenesis reactions

Step Cycles Temperature°C) | Time

Initial denaturation | 1 95 2 minutes
Denaturation 95 20 seconds
Annealing 18 60 10 seconds
Extension 68 5 minutes
Final extension 1 68 5 minutes

2.2.10 Sangesequencing

5uL of purified plasmid DNA (100ng/pL) was sent to Source Bioscience (Cambridge)
for Sanger sequencing, along withl5of sequencing primers (3.2uMJable 2.7 lists

the primers used to sequence the vector regulatory geatas. 2.28ists the primers
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used to sequence the fldingth PLCG2 gene to confirm successful-gitected
mutagenesis. Sequencing data files were analysed using Snapgene software (GSL
Biotech LLC).

Table 2.27 Sanger sequencing primers used to sequence the regulatory regions of
plasmids

Primer Name Sequence (50 t o 30|Manufacturer
Source

pCMV forward GAGCTCGTTTAGTGAACCGTC o
Bioscience

Table 2.28 Sanger sequencing primers used to sequence tHerigth PLCG2 gene

Primer Name Sequence (50 t o 30|Manufacturer
PLCG22Seq CTGCATGACTTCCAGAGGTT Sigma
PLCG23Seq ACATTTTGGGGAGAAATGGT Sigma
PLCG24Seq AGGAGACTATGGAACCAGGA Sigma
PLCG25Seq AGCCGAGTATGACAACAACA Sigma

2.2.11 Cell lines

HEK293T cells (provided by Prof. Matilda KatddCL), HeLa (ATCC), SHSY5Y
(ATCC)andCOSY ( ATCC) were cultured in complet
Me di umo ,Gibcd)Budplemented with 10% (v/v) foetal bovseeum (FBS

Sigma) and 1% (v/v) penicillin streptomy:
were maintained at 37°C, 5% e@énd 95% humidity in T75 flasks (Corning). Cells

were subcultured twice a week by washing with 5 mL phosptiat#fered saline (PBS)

and dissociating with 3 mL Trypsin (Gibco).

Raji cells were provided br. Clare Jolly(UCL). These cells were cultured Roswell

Park Memorial Institute (RPM1640 Medium supplemented with 10% (v/v) FBS and

1% (v/v) penicillin (100 Units/mL) strepi
maintained at 37°C, 5% CG@nd 95% humidity in T75 flasks (Corning). Cellsre

sub-cultured twice a week.

H9 human embryonic stem cellsHSG;, kindly provided by Prof. Bart de Strooper
UCL)andP L Co 2 &ndWT7’hvmaninduced pluripotent stem celhiPSGCs,

provided byDr. Rebecca Mcintyre and Julie Mattellcome Sanger Institute,
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Cambridge, Englandines were cultured imTeSR Plus (StemCellEultures were
maintained at 37°C, 5% CG@nd 95% humidity oWVitronectin XF(StemCel) coated 6
well plates. The media was replaced ewvtery days Cells were sulgulturedoncea
week, throupg 0.5mM EDTA (Invitrogen) dissociation

2.2.12 Reviving cells from cryopreservation

Cell lines were thawed in a 37°C water bath #& thinutes. Once thawed, the cell
solution was added tadfnL of the relevant prevarmed cell media, in a slow dropwise
fashion, kefore being centrifuged (300g for 5 minutes). The supernatartheas
removedand the cells rsuspended in 10mL of the relevaneararmed cell media. For
therecombinant cell lines, the cell suspensias placed into a-25/T-75 flask
(Corning)until confluent.For thehESChiPSC linesgcells were resuspended in 1mL of
RevitaCell (GibcopupplementedhTeSR plus mediandthe cell suspension was plated

ontoa Vitronectin XFcoated 6 welplateuntil confluent

2.2.13 Cryopreservation aofell lines

Cells in the log phase of growth were frozen at a dg$il-10 million cells/mL of
cryopreservatiomedium composed of filter sterilised 90% (v/v) FBS (Sigma)
supplemented with 10% (v/dimethyl sulfoxide (DMSQSigma) for the HEK293T,
HelLa COS7, Rajiand SHSY5Y cells. Thecryopreservatiomedia for thehESCand
hiPSC lines consisted of 90% (v/v) KnockOut serum replacement (Gibco)
supplemented with 10% (v/v) DMSO. Cells were stored in cryogenic vials and slowly
frozen inside a Mr. Frostlyeezing container (Nalgene)-&0°C for 16h, before being

transferred to liquid nitrogen and stored in the vapour phase (<135°C).

2.2.14 Stem ceHlderived macrophage precurs@oseMac)

Gentlecell dissociationreagen{StemCel) was used to dissociate theSCghiPSGs.
The cell suspension was diluted 1:10nieSR plus supplemented witBuM Y-27632
dihydrochloride(Rho kinase inhibitqgrSanta Crug The cells were pelleted (300g for 5
minutes)before beinge-suspended in mTeSRilusmedium (StemCell Technologies)
supplemented withOuM Y-27632 The cells were counted ad¢gd00,000 cells/well
were added to the AggreWell 800 (24 well, StemCell) in accordance with the
manuf act ur e rToecells were thenwaggtegatkdosgh catrifugation
(100g for 3 minutes before being placed into the incubafbine followingthree daysa
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75% media change of each well was performed with mT@&Rmedia supplemented
with 50 ng/mL recombinant human bone morphogenetic protein 4 (BRéRtoech,

50 ng/mL recombinant human vascular endothelial growth factor (VE&gtotech

and 20 ng/mL recombinant human stem cell factor (3eprotech Four days after
plating, the resulting embryoid bodies (EBs) were collerted3{um reversable

straine andplated at a density of 1 EB/2 in Geltrex LDE\Free Growth Facto
ReducedGFR) coated-175 flask filled with XVIVO 15 media (Lonza) supplemented
with 2mM GlutaMax (Gibco), 1% (v/v) penicillistreptomycin solution, 38V -b
mercaptoethanol (Gibco), 100ng/meécombinant human macrophagaony

stimulating factor (MCSF, Peprotech) and 25ng/nrecombinant human interleuki
(IL-3, Peprotech). Half media changes were performed every wigeknacrophage
progenitors collectkfrom the supernatant by centrifugati@ue to the high number of
cells generated via this processmyeloidhe

factories

2.2.15 Stem ceHderived macrophages

150,000 cellszm? of macrophage precursagreMacs)wereplated in XVIVO15 media
(Lonza) supplemented with 2mM GlutaMa¥so (v/v) penicillin-streptomycin solution
and 100ng/mL MCSF. Half media changes were performed eRay 3days.7 days
after plating the cells were ready for experiments.

2.2.16 Stem ceHderived nicroglia

Macrophage precursofgreMacswere platednto a 10pg/mL human plasma
fibronectin(Sigma)coatedplate/flaskfilled with microglia differentiation media
consisting ofadvanced DMEM/F12 (Gibco) supplemented with 2mM GlutaMax, 1%
(v/v) penicillin-streptomycin solution, 1x N2 Supplement (Gibco), 100ng/mL
recombinant human interleukBd (IL-34, Peprotech), 1j5g/mL cholesterol (Sigma),
100ng/mL MCSF and 5ng/mikecombinanhuman transforming growth factbeta 1
(TGFb1, Peprotech

Initial experiments involved plating the Hierived microglian the assay plate before

the cells were differentiated for 7 days with a media change el&dags. However,

the protocol was #&dred to prevent cell number variability on the day of

experimentation. As a result, the HB#SCderivedmicrogliawere differentiated for 4

days in F75 flasks(4 million preMaccells/flask)with a half media change on day 2.
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On day 4, the cells weretiéfd with Accutaselinovative Cell Technologyand re
plated at a density of 50,000 cellsfoom fibronectin coated assay plates. The sedise
differentiated for a further 3 dayand m day 7thecells were ready for experiments

2.2.17 MyCoplasma Testing

TheMy co Al ert mycoplasma detection kit (Lor
guidelines. This assay takes advantage of Mycoplasmal enzymes, which react with the
MycoAlert substrate and convert ADP to ATP. The difference in ATP levels before and

after theaddition of the substrate are detected by the following bioluminescent reaction:
Luciferase
ATP + Luciferin + @ ———» Oxyluciferin + AMP + PPi + CQ+ LIGHT
Mg?*

The light intensity emitted correlates linearly to the ATP conceatrat the sample.
Assays were performed in opaque whitev@dl flat bottom plates (Sigma) and relative
light units (RLU) were determined with the PHERAstar FSX (BMG Labtech) and
analysed with the MARS data analysis software (BMG Labt&xl)s were routinely

tested formycoplasmawith all cell lines found to be negative for it.

2.2.18 Cell transfections

50,000 COS7 cellswell were plated into a 24 well plate in DMEM supplemented with
10% (v/v) FBS. The following day, the cell media was remavsdireplaced with
DMEM. The cells were transfected witl®0-500rg o f P LHIS/GFP WiiD.5
1.5uL of Lipofectamine3000 (Invitrogendiluted in OpttMEM (Invitrogen)in
accordance with thmma n u f a dnstwctians. 6edls were incubated for 6h befibre
transfection media was removed and replaced with DMEM supplemented with 10%
(v/v) FBSand1% (v/v) penicillinstreptomycin solution. Cells analysis was performed

24-48h post transfection.

60,000 HEK293T cellsvell were plated into a 24 well plate in KE93T media (recipe
shown in2.2.11Cell line). The following daythe cell media was removed and replaced
with DMEM supplemented with 10% (v/\9BS. Thecells werethentransfected with
200500ng of PL CJo250-500n§ of BGFR plasmidaith 1.2ul ofjetPEl
DNA transfection reagent (Polypludjluted in sodium chloridéPolyplus)in
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accordance with thema n u f a dnstuwctiesMbek transfections consisted of an

empty peGFFC1 pl asmi d i n pl a cFRarthearhorefttesmptyP L Co 2 p |
peGFRC1 plasmidwas added to keep the total DNA consistent during transfection.

Cells were incubated fd6h beforethe media waseplaced wittDMEM supplemented

with 10% (v/v) FBSand1% (v/v) penicillinstreptomycin solutiorCells analysis was

performed24-48h post transfection.

2.2.19 Protein extraction

1-4 million cells were washed once with ice cold PBS before an icdysaddinhibitor
cocktailconsisting of 1x RIPA buffer (Millipore), 1x cOmplete protease inhibitor
(Roche) andx PhosSTOP (Roche) was used to lyreecell pellet.Adherent cells were
removed with a cell scraper before being washgdates were chilled on ice for 20
minutes withgentle agitation every 5 minutes, before being centrifuged (21,1009 for 5

minutes at 4°C). The protein containing supernatant was extrautestored ai80°C.

2.2.20 Protein determination

The protein concentration of the lysates was measured using the colariinec 60 Pi er ¢
Coomassie protein assay kitdé MBmadfmct B¢ ie
instructions. The mean absorbance (595nm) of the bovine serum albumin (BSA)

standards and the protein samples was measured using the PHERAstar FSX and

analysed with the MARS data analysis software (BMG Labtech).

2.2.21 Western blotting

Protein lysates were mixed with 1x NUPAGE LDS sample buffer (Thermo Fisher) and
1x NuPAGE sample reducing agent (Thermo Fisher) to a final protein concentration of
1pg/pL. Samples wee then heated at 70°C for 10 minutegud.®f protein sample was
loaded into a ¥15% MinrPROTEAN TGX precast protein gels (Biorad), alongside

7uL of chameleon duo prstained protein ladder ({(COR). The gel was run in 1x
NuPAGE MES SDS running buffer (8Rad) at a constant voltage of 110V for 50
minutes. A semdry transfer was carried out by relocating the proteins from the gel to a
polyvinylidene difluoride (PVDF) membrane (GE Healthcare), by electmasfer (200

mA for 90 minutes at 4°C). The traesfouffer was comprised of 1x NUPAGE Transfer

buffer (Bio-Rad) and 20% (v/v) methanol (VWR). The membranes were blocked in a
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solution of 0.1% PBSween (0.1% PBS/TSigma) supplemented with 5% (v/v) BSA

(Sigma) for 1h at room temperature.

The membranes welincubated with the primary antibodies: et Co 2 r abbi t
antibody (1:1000, Cell Signaling Technology),dtL Co2 2 r abbi t anti boc
ABclonal),anttiP L C2 2 r a b bH-160,51900, SentadCyuz) 6r astiL C o 2

rabbit antibody (1:1000, provided bbur collaborator DrTodd Golde) for 16h at 4°C.

The membranes were washed three times with 0.1% PBST, before being incubated in

the dark with a donkey aARabbit IgG secondary antibody, Alexa Fluor 680 (1:1000,
Invitrogen) for 1h at room temperaturéend membranes were washed three times with

0.1% PBST before being imaged on the Odyssey CLCQR). All antibodies were

diluted in a solution consisting of 0.1% PBST supplemented with 5% BSA

2.2.22 WEST Western blot

TheWESwas performed in accordance with the n u f a dnstuwatians (Bretein
Simple). Protein lysates were run at-Q8/uL. The primary antibodies: ar L C 92 2
rabbit antibody (1:50, Cell Signaling Technologgnii-P L C m@useantibody(B-10,
1:25, Santa Crug antirY759P L Co 2 antdbddy (126, Cell Signaling Technology),
anttPL Co21 mouse anti body +{GAPDHABouseEaMBodyMi | | i p c
(1:100, Abcam), amiGAPDH rabbit antibody (1:300, Cell Signaling Technolg@gyjt-
EGFR rabbit antibody (1:50, Cell Signaling Technolpgnti-NF-a B pabbit
antibody (1:40Cell Signaling TechnologyandantiS536 NFe B pabhbt antibody
(1:40,Cell Signaling Technologywere usedThe respective secondary antibody
detection kit was used depending on the species specificity ofitharprantibody.
Quantification was performed by the WES (Protein Simple), with data analysis

performed in the Compass software (Protein Simple).

2.2.23 RNA extraction

5 million hiPSC/hESC derivedreMacswere harvested fresh from cultures. Adherent
cells(HEK293T, COS7, HelLa, hiPSC/hESC derivedacrophages and microglakre
plated onto 6 well plates until 8% confluenbr until they were differentiated for 7
days RNA extraction via TRIzol (Invitrogen) was performed according to the
ma n u f a dnstwctoms. The RNA was rsuspended in 3 of UltraPure
DNase/RNaséree distilled water. RNA concentrations were quantified using a
SpectraMax QuickDrop micreolume spectrophotometer and storeeBarC.
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2.2.24 Reverse transcriptio(RT) for two step gPCR

ExtractedRNA was diluted in UltraPure DNase/RNasee distilled water to a final
concentration of 3g/13uL. 7uL of DNAse master mix (recipe shownTable 2.29
was added tthe RNA. The resulting solution was then incubated at 37°C for 30
minutes, before & of the RQ1 DNase stop solution was added. The solution was
incubated at 65°C for 10 minutes to stop the reactionl 20 reverse transcription
master mix (recipe shown Table 2.30) was then added. The resulting solution was
subjected to the thermal conditions showiable 2.31 The resulting cDNA was then
stored at20°C until needed.

Table 2.29 Recipe for DNAse master mix

Reagent Final Concentration Volume

RQ1 (RNAseFree) DNAse | 1x 2uL

10x Reaction Buffer

RQ1 (RNAseFree) DNAse | 1ulL/ug of RNA 3uL
RNAse Inhibitor (20 40 Units 2uL
Units/pL)

Table 2.30 Recipe for reverse transcription master mix

Reagent Final Concentration Volume
10X RT Buffer 2X 4uL
10X RT Random Primers | 2x 1.6pL
25X dNTP Mix (100 mM) | 2x ApL
MultiScribe Reverse 5 Units/pL 2uL

Transcriptase (50 Units/uL)

RNase Inhibitor (20 2 Units/pL 2uL
Units/pL)
UltraPure DNase/RNase - 6.4pL

Free Distilled Water
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Table 2.31 Thermal cycling conditions for reverse transcription

Temperature (°C) Duration(minutes)
25 10

37 120

85 5

2.2.25 Two-stepgPCR

The gPCR detection master mix was composed accordihgbie 2.32 The forward

and reverse primers are listedTiable 2.33 Reactions were plated onto a LightCycler
multiwell 384 white plate (Roche), in triplicate, and subjected to the thermal conditions
shownTable 2.34 using the LightCycler 480 System (Roche) to produce cycle
threshold (@ values. Realime data was analysed using the®® method>*

Table 2.32 Two StepgPCR detection master mix composition

Reagent Concentration Volume
Water - 1.5uL
Forward Primer 10uM 0.5uL
Reverse Primer 10uM 0.5uL
LightCycler 480 SYBR 1x SuL
Green | Master (2X)

cDNA - 2.5l

Table 2.33 RT-PCR primers

Gene Primer Sequence

EGFR_Fwd GTGGATGGCATTGGAATCA
EGFR

EGFR_Rev CAAAGGTCATCAACTCCCAAA
GAPDH GAPDH_Fwd ACACCCACTCCTCCACCTTT
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GAPDH_Rev TAGCCAAATTCGTTGTCATACC

Table 2.34 Two StepgPCR thermal cycling conditions

Step Temperature®C) | Duration éeconds | Cycles
Enzyme Activation 95 300 1
Denaturation 95 12
Annealing 58 24 35
Extension 72 36

95 6 1
Melting Curve

6597 12/°C 1

2.2.26 Onestep gPCR

TagMan primerg2.1Table 2.1pwere validated witl2-fold diluted concentrationsf

RNA, with the additonoh no r ever seTabla28hp sandpdaeeBNAD
controls. 25ng ofampleRNA was added to each well, in triplicateito a LightCycler
multiwell 384 white plate (Roche3uL of theqPCR detection master m{Xable 2.3%
wasadded to each well before beisgbjected to the thermal conditions showit able

2.37, using he LightCycler 480 System (Roche) to produce cycle threshgldd(Des.
Realtime data was analysed using the®®Method>*.

Table 2.35 OnestepgPCR detection master mix composition

Reagent Concentration Volume
Water - 0.1251L
FAM Primer - 0.25uL
RT-gPCR One step Master| - 2.51L
Mix

1in 10 DNAse - 0.125.L
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Table 2.36 No RT controlmaster mix composition

Reagent Concentration Volume
Water - 0.1251L
FAM Primer - 0.25uL
RT-gPCR Master Mix - 2.9uL
1in 10 DNAse - 0.1251L

Table 2.37 OnestepgPCR thermal cycling conditions

Step Temperature®C) | Duration (minutes) | Cycles
DNase Activation 37 25 1
RT 55 10 1
Tagman Hotstart 95 2 1
Denaturation 95 0.1

40
Annealing/Extension | 60 1

2.2.27 Immunocytochemistry (ICC)

Plated cells were fixed with 4% paraformaldehyde (P&@§ma for 1530 minutes,
followed by three PBS washes. Cells were blocked with a solution consisting of PBS
supplemented with 0.1% (v/v) Tritonggigma)and 10% (v/v) FBS foth at room
temperature. The cells were then incubate@#brat 4°C witheitherant-IBA1 rabbit
antibody (1:500, Waka)r antiNF-a Babbit antibody(1:400, CST) Following three

PBS washes, the cells were exposed to an Alexa Fluor 488 GoeRtadhitlgG
secondary antibody (1:1000, Invitrogen) and DAPI (1:1000, Invitrogen), for 1h in the
dark. Following three PBS washes, the plate was imaged on an Q@get@Phenix
Plushigh-content imaging system (Perkin EIméFhe percentage of GFP positive
cells/DAPI stained cellsas well as th&lF-a Baucleartranslocation

(Nuclear:Cytoplasm ratigjvas calculated through the Harmé@glumbussoftware
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(PerkinElmer). All antibodies were diluted in a solution consisting of PBS
supplemented with 0.1% (vATyitonX and 10% (v/v) FBS.

2.2.28 IP1 (inositol monophosphate) HTREecumulatiorassay

HEK293T cells were transfected as previously mention@d2.18 Posttransfection

the media was removed and replaced with fresh mediar that daythe media was
removed and replaced with DMEM supplemented with 1% (v/v) FBS and 0.1% (v/v)
penicillin-streptomycin solution, to cause a partial serum starve4forStimulation of
EGFR was achieved by the addition of 15Qug/f epidermal growth factor (EGF
Gibco) for :1.5h.

The H9-derivedmicroglia cellswere differentiated for 7 days after an initial plating of
50,000150,000preMaccells/24 well. The hiPS@erivedmicroglia cellswere
differentiatedand replatedontoa 96 well plateon day 4 of differentiationBoth
protocols are described t12.16 After 7 days ofdifferentiation both microglia derived
cellswere stimulated wit12.550ugmL of TREM2or GoatlgG (Bio-Techng for 2h.

The IR protocol was performed in accordance with the manufactures instructions

(Cisbio). A homogenous timeesolved fluorescence (HHRratio was obtained through

the PHERAstar FSX, with data analysis performed in GraphPad Prism 7 (GraphPad).
Unless stated, th:d at a was normali sed to the PLCOZ

lysates.

2.2.29 Calcium assay

The H3derivedmicroglia cellsweredifferentiated for 7 days after an initial plating of
10,000preMaccells/384 well. The hiPS@erivedmicroglia cellswere differentiated
and replatedonto a 384 well platen day 4 of differentiatiorBoth protocols are
described ir2.2.16

Calcium 6 dye was diluted IHBSS assay buffer (1.4mM Mg&£RmM CaCi, 10mM
HEPES in HBSS)o achieve a 1X solution. Media was removed fromHB&IPSG
derivedmicroglia cellsso that only 20uL of media remains. 20uL of CAlcium 6 dye

was added to the cells before being placed into the incubator for 2h. Baseline calcium
signal was measured FLIPR Tetra(Molecular Devicesbeforecells were exposed at

set time points tceither HBSS assay buffetQ pg/mL Goat IgG, 1.25/2.5/5/10 pg/mL

of TREM2or FcoRIIA/CD32a, 500 uM ATP or 5 uM lonomyciror thehiPSG
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derived microgliacells were restimulated withb uM lonomycinonce the calcium
signal had returned to bdise. Area under the curve (AUC) data was analysed using
ScreenworkgMolecular Devicel hiPSGderived microglisstimulation values were

normalised to ionomycin fstimulation values.

2.2.30 Preparation of pkbdo labelled SFEY5Y cells

Confluent SHSY5Y cells vere dislodged and pelleted (300g for 3 minutes) in a LoBind
conical tube (Eppendorf). The pellet was washed with HBS8re being centrifuged
again. The resulting pellet wassaspended in live imaging solution (Invitrogen)
supplemented with 2% parafortdahyde (PFA) to induce apoptosis. The cells were
then mixed for 10 minutes, before HBSS was added to dilute the PFA. The cells were
washed twice with live cell imaging solution through centrifugation (1200g for 7
minutes). For every million cellsp2 of 5mg/mL pHrodo lpvitrogen was added. The
cells were mixed in the dark for 30 minutes before being pelleted (1200g for 10 minutes
at 4°C). The cells were diluted to a concentration of 1.6 million cells/mL in live cell
imaging solution supplemented with §%v) DMSO. The pHrodo SFY5Y cells

were stored in the dark &0°C.

2.2.31 Phagocytosis assay

The H3derivedmicroglia cellswere differentiated for 7 days after an initial plating of
20,000preMaccells/96 well. The hiPS@erivedmicroglia cellswere differentiated and
re-platedonto a 96 well platen day 4 of differentiatiorBoth protocols ardescribed in
2.2.16

Negative controls consisted of o68YYI|l onl
cells)d and cytochalasin D (1uM), a knowl
labelled SHSY5Y cells/wdl were added to theicrogliacells before being placed into

a IncuCyte S3 liveeell analysis system (Sartorius) chamber, with an image captured

every 10 minutes for 5ithen 1h for a further 19hive cell imaging solution was used

for the negative contifs to ensure the total volume was equal. Image analysis was

performed on the IncyCyte analysis software.

2.2.32 CellTiter-Glo luminescentell viability assay

H9 and hiPS&lerivedmicroglia cellswere differentiated and figlatedonto a white
opague 96 well pte at a density of 50,000 cells/€as described i8.2.16 After 7
75



days of microglial differentiation, the assay was performed in accordance with the
ma n u f airstwuctiens. 8rieflyCellTiter-Glo reagentvas added to the cells in an
equal volume and the cells were lysed for 2 min on a shaker in the danatéweas
then hcubate at room temperature for 10 minuieshe darkio stabilize luminescent
signalbefore the luminescence signal was read ofPthERAstar FSXBlank values

were subtracted from the experimental measurements

2.2.33 Cytokine assay

H9 and hiPS&lerivedmicroglia cellswere differentiated and 1glatedonto a 96 well
plate at a density &0,000 cells/crhas described i@.2.16 After 7 days of microglial
differentiation, ell culture supernatant was remowat immediately frozen. Cells
were challaged with+ LPS (1 ng/mL) for 24h and theslt culture supernatant was
removedand immediately frozedEN-o , -11bL,-4, IL-B, IL-8, IL-10, TNFU
cytokine concentratiowasquantified with the MSD WLEX Viral Panel 2 (human)
kit (Meso Scale DiscoveryLytokine values were normalised to total cell number

imaged on théncuCyte S3 livecell analysis system (Sartorius)

2.2.34 RNASeq

RNA was extracted fro® L Co 2  8nd\WT7hWSCGderived microglidrom three
separately generated preMac factories, through teeps outlined i2.2.23 Libraries
were prepared using the KAPA RNA HyperPrep Kit and sequenced on an lllumina
HiSeq 4000 sequencer at a minimum of 25 milliongwhénd reads (75 bp) per sample
performed by UCL Genomidéondon, England)Raw countgper million (CPM)were
obtained and processed through iDtRegrated Differential Expression and Pathway
analysis http://bioinformatics.sdstate.edu/id§p? with the parameters @minimum
CPMof 25 in 3 librariesa DESeq?2 analysiwith aminf o | d ¢ h5aandgfalse O
di scovery r aThetopgliffeRmRiil exgessediefes (DEGswere

obtained and ranked by the log2 fold chargene Ontolog¥GO) enrichment and gene

setenrichmentanalysis(GSEA) of the DEGs for biological process was performed and
ranked byadj.Pval STRING (Search Tool for thRetrieval of Interacting

Genes/Proteinsittps://stringdb.org)?®® analysis was performed on the top DE(®g?2
Fold Change > 2, high confidence >)t@ predic¢ proteinprotein interactions.
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2.2.35 Statistical analysis

Results are expressed as mean + starakanation. All experiments were performed

three times (biological replicates), with at least treggerimentateplicates per

condition and for each biological replicataless stated otherwisgtatistical methods

for analysing the various data sets are indicated directly in the figure legends. Data were
analysed using Graphpad Prism 9 (GraphPad Software version 9.3.1, GrepaiPa

Diego, CA, USA).
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Chapter 3 - Development of a heterologous cell system for characterisation of
PLCo2 diseaselinked variants

3.1 Introduction

Previous characterisation BfL C vaPiant enzymatic activity has been performed in

patient PBMC8®, COS 7139147216 HEK 293139, WEHI-2312%7, bone marrowderived
macrophaged’, as well as hiPS@erived microglid® and macrophad® cells. While

some of these cell models expredosot hi gh |
(Human Protein Atlas available from www.proteinatlas)t¥g®3 Cell models that

exhibitlow levels of endogenou® L C expressionas well as other PLC enzymes,

offer the opportunity for overexpression assay&ifgthis into account, as well #se

complexity and length for the generation of some of tkééerentcell models, COY

and HEK293T celllines r ansf ect ed wi t h &dclassi@lyws&®NA c o1

tocharacteris€ L Co2 variant y¥@%WzZY matic acti vit
Activating
Ligand

Receptor

o

@ > g —

Insitol(4)P
LiCl .() 1
Q@ — ® +— O «—— O
Inisitol  IMPase Insitol(1,4)P, Insitol(1,4,5)Ps
Insitol(1)P;

Figure 3.1 Inositol monophosphate ({Passay schematic. Upon PLC activation,R$P
hydrolysed into DAG and inositol (1,4,5) trisphosphateg)(IfPs is rapidly dgraded

into inositol (1,4) bisphosphate @ and subsequently inositol (4) monophosphate or
inositol (1) monophosphate @ The addition of lithium chloride (LiCl) inhibits

inositol monophosphagéMPase)dephosphorylation of HFRcausing it to accumulate.
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PLC enzymatic quantificationtilisesIPz production, by capturing the secondary
metabolite of IR, inositol monophosphate @{P Cells are incubated in the presence of
lithium chloride (LiCl) that blocks the formation of both inositol (4) monophosphate
and inositol (3) monophosphate by inhibgimositol polyphosphate ghosphatases
well as blocking the degradation ofiJPesulting in it to be the only inositol
monophosphate to form and accumulate (Figuré3.The cells are then lysed, before
IP1 is quantified Previous enzymatic quantification had bearried outhrough the use
of a radioactive®H] myo-inositol assaywherdoy tritium is incorporated into the
inositoHlipids in the cell&®. However, this procedure is complex to set up and has low
throughput. Tanitigatethese issues, th@sbiolP; kit uses HTRF (homogeneous time
resolved fluorescence) detection to quantifydécentrationpallowing for agreater
throughputand safetythan its radioactive counterpaBriefly, the assay is a
competitive immunoassay wieday free IR competes against #l2 (acceptor) for
binding to antilP; Cryptate conjugate (dondry. The resulting signal is inversely
proportional to the concentration ofilid the sample, with a standard curve gated

to convert raw data to anidBoncentrationas exemplified ifFigure 3.2%.

Representative standard calibration curve for the HTRBdBayA
standard curve is plottagsingthe 665/620ratio vs IP. concentration using nelmear

least squares fit (sigmoidal dose response variable slope, HRing of HEK293T
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