r University of
Nottingham

Y
UK | CHINA | MALAYSIA

Glutamine Met alRepasm andBE
Cancer

Thesis submitted to the University of
Phil osophy

Mag 025
Al i AbdAIFRsa &k aomn
B S, MSc
School of Medi ci ne

University of Nottingham



Abstract

Met abolic reprogramming and genomic instability
bet ween these two hallmarks in diufefkgr emte dt. y gCad ca
cells alter their met abolic pat hways to meet t
demands. They also modul ate the expresncioamtef ft

DNA damage caused by exogenous and endogenous
speciTbhtheisnsgesttihgeatsos ibaettiwgrent ami ne aptlhabBNA i sm
repmatrhwaybreastfoan8ehgtenCarrier Band7)Aysmd Me mb
t wo DNA r epdilrappremtdein@istE Ndaansttex oln u c | EaXsOElT h e s e
genes were selected basedcomnr dglhaeti imRmdate ethlh e ap o «
identifiBdeasttr oGahecxeprr eGesneon MGarEX M5n dra¢as.el),
and dueestbvatbheéished biodlhogireal onsl| Eb@ZTBSBNst udnes.
as an amino acid exchangér esmedit atbti ng aadgied supuak
particul arhyekebange, for i nTthriasc ealcltuil vajdt wyq lasumt paprei rnt e
dependcdammaltaragoeft rapamyci mTORGAI gxnall { ng, cwhil ch
growanhdi osynt hesi sFENMemaEXDhlrset rucstperce@aficlceases

i nvolimeddi stinctpalDMAvay ep ’ thirassieonande praiisrmat c h rep

respechotvel glbay criticaénomwmiessti abiprieserymnadgr o0X

The biological andLLCI7iAred xmrl e swauit tcroerieldod X O a s

assesisned ar ge, annotated comBNAsdofpriont danntylicdarmd e
functassakperi ments wer e comaul @8 eadf 7/AFRE Nhti ignhd t he
expr esstiwomouirn brehaand pfrontcl@enacysi s was fciamdi ed

common interacting proteins between the two path

Thei gkpresSiL&CT Adfd ek EMdeg XOdat mRMANd protein | eve

associ atped rwiptrfovdhn d sh istgghep r e s sSLon7 Acbf/ WeEN1l i nked t o



adveosecoimeskdRsittumewmd,hlei ghpreessfob@7 A5/ wAO1
associated with pomegactuitvceo AkessaepkupresEf Rénemo nst r at ed
that doubl e &EShoOotkB®dENILmFdai red predubedasi ooancer
cemilgr at iionnvasndrcaabieldi Sy phase cell cycle arrest
Further more, t he Sw@7TADEBNdKIdDwumpitododc h d rudhrcjta lo n
mar ked by reduced ATPs pirroadtucrtsi eoinnafpmanatiitnyg t hei r
mai ntaining metPabolkiomi di mas y65is8d shared inter
enriched inelpatddatye DNA repair, RNA fruentcatbiool ni,s m

supporting a functional slyistrkemset ween these biolo

Col | ectthivseltyhhesi s exp!l orbeedt wae enno vgel l u taasnsi oncei ameitoanb o |
repair pat hways dgihre i mrde angtsS IpD7sA S /igoB@ L C7 A5/ EXO1
hi gghx pression as <clinically raeldewdast fprucmgirad § toinc

therapeutic stonametyalksel t baandoDNA repair vulnera
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l1.AQancer hal |l mar ks

Th
gr
t u
s u
re
de
pr

ma

pr

ac
f a
pr
K i

On

To
re
pr
p |
mu

(T

e hall markesr oédoobnserof ten distinct biologica
owth and [pXjoghessiball marks highlighénalhlee c o mj

mo ur devel opment and provide a [ fLij alnheswo rikn cfl curd

staining proliferative signalling, evading gr c
plicative i mmortality, i nducing angiogenesi ¢
regulating cellular energetgesomaviondiadgi | mmyn
omoting i@QFilgmmaea]l]iba) t he context of breast C ¢

ni fest through specific molsappiochede wuncoewe!l il omi @i

ogression and ¢t[r2z]Jat ment resistance

1Sulst ai ning proliferative signalling

ncceerlmas ntain continuous proliferative signall:i
ntrol sihgralsiti tcgahbiesf tcehl dri ven by the overexj
ctor receptor pathways, such as pi e epetyo rr otlyer o
t i vpartoilnigh er ati ve anMdAsothwevaleskephall i aghuman ¢
ctor recepH&R2 2oy #HERRZDPression is |linked to aft

oliferation through the actaisWiattaZgoenniovfa tseidg nparlolti
navAePXanBhosphati dKl nePgeittedaln Ri BEEHPEKBHh (fa2y]s

eommon targeted thewhipgh iisnhirhkaistta] ZdERD ,si gnal l

lIEv2Zadi ng growth suppressors

mai ntain the high proliferation rate, cancer
gul ate cell proliferation, which are controll
otei hPPS and phosphatase RTENt4gdPHi3a homeheg t ha
ays an important role in cell prol i[f5rP&t3i o0 n, |
tai sofio®®BdD % of the hi ghbyyfpginpekgeastiiwee breast ¢

NB[C2QRTENs also a key gene that prevents .cell d



Thed ossPToENMr omot lee Pl 3K/ AKT pathway, whi ch cont

proliferat.iPAkEMait @gaarddeitnegct ed i n nearl y[] 0% of br

1. 1IRe3si sting celll death

The ability to evade <cell death is a hall mark ¢
intrinsic me c hdaensitsrmusct obn saht mai ntain surviva
therapeuf{fil¢t Theressare four main types of regul ate
ferroptosi s, pyropTphbéapepbodi sapopt bhies most exten

programmed [BqgIDy sdreeagtuhhaapt oi potno soifs process all ows tu

i mmune surveillance, tolerate genp®9bxic stress,
The-cBI | ' ymphoma 2 (BCL2) protein family plays
mi t ocherediriiaaled apoptosis. This-afpomitloyf i compp®mgs e@d nc

as BAX, BAK, -aBpdpt ocatnidc apnrtot e-2 n s BXQlam &NIC &1d,i nvgh i BcChlL

interact to control mitochondrial outer membrane
rel e[a&%lel n breast cancer, -apoetopieg@lratsiedm e@Qlean
observed in Dbmpdsi toevset r(ocgRMMMoandgd, ERhi ch correl at

pr ogn[oxs]i s

1. IEndabling replicative i mmortality
Cancer cells have the <capability of unl imited
tel omer as e, an enzyme that mai ntains tel omere | ¢

[ 1.0] The telomerase reverse transcriptase (TERT)
component of the ewlkziydnacitleiltoaneesasepnti nuous ce
extending the 36 end of the tel omere, t[hledr]jef or e
Tel omerase activity is detectable in the majori

associated withphlppor prognosi s



1. 1.5 ducing angiogenesi s

Tumour cell s nerewdt naocedstotxiygfeyn tdleemamds and evacuat
and carbon dioxi de [f2oa cchoinevi en utohuiss ,grborweaehst cance
pr-angi ogeni c factor s, particul arl yVE/GIsS cuwhairc hen
promainagi ogegnle2s]iTshe high eWwE)QGrRasi aeswodi ated with

aggressiveness and poor p2oposksibyesaprdfiTNBGl $yb

1. 1Ac6ti vating invasion and metastasis

The | eading cause of mortality in breast cancer
surrounding tissues and spread from the] ghi mary
mul tistep process, known as the metastatic cas
characteristics and acquisition of mesenchymal

through a process-timecwmchy mapi thphBilti on ( EMT)

During EMT, the downregul ationcadhadihr,si ooamimion &
the overexpression of matrix metall oproteinases
extracellular matrix and[ hdnetThietsee d nrvracsu nveei rcege |t

enter nearby Hblhtkegchphhassel syetem in a grldbcess cal

Once in the <circulation, t umour cells face wvar|
i mmune surfvke6]l Tmneeade destruction, they of t en
aggregates with platelets and li6fghmune cell s, enha
Upon reaching a distant site, a subsetraffasthtses

through the vasevaidlees wadal asidr oma of secondary o

l ung, I i v[elt7,] or br ain

Tosuccesesdtuddlyi sh secondary tumour s, these disser
mesenc htygamilt hel i al traesi abbinsh METOwWt b aed proli
ti ssue microenvironment, contributing tteta@ncease

to t hlex.&lpy



1. 1Defr egul ating cellular energetics

Breast <cancer cells alter their me.tTehbalribsum gt o f
eff,ect aerobici glycohygsasteri stic found in breast
el evated in the presence of oxygen, which all ow

accumul ate biosymthh @thiec i mpecdrandr £ .0 [clAN]|CTANFBCd e v e

exhibit high glycolytic activity, contrif[baJting t

Further mor e, cancer cell s become addicted to g
proliferate [Ii2n0]iGl st amsea@pvcenet abolism plays a ke
bal ance, and it is essenti al i n t hlei phiizds Key hesi
cellul ar gl ut ami ne storl aunt ®p ocratrerrise,r sf@@dnC 1)4Sn @ me mb
SLC7,A5 epregul ated in breast cancer <cells and as
[ 2.0]

1. 1Av80i ding i mmune destruction

The mmune system constantly checks <cells and ti

i mmature tumours that accidenhawéyedevedme aamdc e

can evade tumofu2] surveillance

I n TNBC, high expressi-ongardd-pX)og@ @ mmemouwratal I s
i mmune evasion by-lbiedépgot @QdfTei #®1 hseraction t
inhibitorygyupipgelxlkeddhatcti vati on, reducing their

cytokines, and kil |l cancer cell s. Coencsiegtued t |
destr yatlilvMor eover, -Ldl ewxgptreecs sPOn in TNBC has bee

resistance to conventional th2lapies and poor cl



1. 1Ge9nome instability and mutations

The disruption of the DNA repair machinery and s
is one of the ways canudertr iacheel,| dh e macgrhedairsrgg gtehneoinri ¢
stablida]Jttm breast cancer cells, the mosLtanacemmon
SusceptibiliganyBRRAdEnsB RCAR 2] Mut ations in these g:¢
homol ogous recomb/jiwmatcihoheadaefi tioenbye acstomahnat i or
breaks, promoti hg] BumasigemnascBRC Afruitsaitn gnofst o m

|l i kel F NB&. b&urther mor e, breast cancer cell s exh
repair geneflsgap skircdo naude E ldhesxeo nic | €EaXs@lc ént r omer e

prot dCEONNPOFA Core Compl ex As gFOACAPRHAIdCE mptemantdt i
Group (FDANCPpZXanconi anemi a compl €FRAeNACtIEdb ii quni tgrnou
Conjugating HGWBEEXNEen A2 Clompl ement a(FIAWNGQAGrbap Ar e

associated with tumour prjo3g3ession and poor prog

1. 1Tumo®Promoting I nflammati on
Chronic inflammation plays an important role in
tumour mi croenvi-aaogmegeniwd t haatror s, gr p@dh and

Further moraes,sotcuinaotuerd macr @ pa amgeejso r( TAMsPtenmautr o f
mi croenvironmenstecrien epanmrtoiiadll ammat ory eyt{dkli nes,

6), tumour necrosUWlandachokr inewhpgHEAXENPHPr omot e i mm

evasion, EMT and25aidieyggeamesiagd so associated with
poor prognosis in peBAhsSt cancer patients

The hall marks of cancer provide a comprehensive
processescl mMecdast cancer initiationFowprmrmrogdeistsii @m;
hal |l mar ks have been moirrec | ruedd exgt | ye nersceand edg el |
mi crobi omes, unl ocking phenotypic plasticity an

(Fi gun)el] The understanding of the interplay bet
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growth Resisting Senescent cell . microbiomes
suppressors @ ‘ cell death ® 9-
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Figurle The hall mar ksl nlile chareetveireewsslayp | i shed
the poopolsa&ldl m&8hlkese hall marks collectively contr
and the transfor mat apotne dt of r man iHjanAanAcdy)i .o eerdec aalt e d
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1 . RrognostHrcedaincdt i ve Bi omar ker Factors i n Bre

Prognostic factors are indicators that provide
out come, regardless of treatment. They reflect

estimating the risk of survivalmeot 1 @¢ er2veelmcec ¢ owi

Traditional prognostic factors in breast cancer
node involvement, and patient age. Mol ecul ar Dbi
progesterone receptome@RR)i veHER®Ns o aswihd eursy @mitreec aad n
as prognost| 27 nabntdeetrosrtsandi ng how these factors

assessing disease aggressi[v2e9ness and patient out

I n contrast, predictive pritomasisdmsecate® speditfocp
These biomarkers guide therapeutic decisions by
respond or not respopdOiPmon aexyemelde ,t hER agpneé sPR p
responsiveness to endocrine therapy, whil-e HER2
targeted therapies] 3.5 uPcrhe daisc ttirvaes tnuazrukmearbs ar e t hu e
treat ment selection and minimising unnecessary

effective cande&rllmanagement

|l mportantly, some biod marok e resx asmeprlvee dEUWRaland HER2 ¢
as prognostic and[ 32 Jedde pcetnidvien gmaornk etrtee  cl i ni cal (
approaches. Stratifying breast cancer patients |

for prognosi s kauap mrl spr iteot ee ntstuefed. pputi ¢ approach
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2T.ulmour gr ade

mour grade aecvecial prognosti c iiénvdalcudatt@rs i n
gree of differentiation of breast cancer <cell s
e biological aggr essNovtetnierggsmadnmh ng hey s uemuof ©Hhe
volves the evaluati on:tafbutlhrer de rdnagtiiomgt naacrpan
d mitofB8,. c8hjet first in the system is tubul e
tent of glandul ar structure within the tumour
e gland formation isthteumduli namea e -735¢0m meahZ%Wf o
ore 3 for tumours with I[e3s3s,. t3gen Sl rt di biud atr h d

nucl ear pleomorphism, which evaluates the sha

moursaceaerld , 1 represents smal/l and regul ar nuc|
crease in size and variability, while score 3
the system i s mitotircumbmimitt,oiswehsiac i meadsewmrr esa |
mowsri ng-pbweuh cr oslcmpgyrtantl vy, the thtéeshalodint or

perohs tmher os do mdi'dsmer , ma &ule® @ e n tTehretr.e Mot ef i ¢

igures are typichilglywaissleds e@iHRRs)cC,DO i ng criter]|

cording tdithedThepetahfiee components of the sys
signed to an overal/l tumour gr aveeddi f f &radei dt
mouri gasnsdoci atagadodi plhognosi s5)(t cGraldes 2orteunur s
derately differ eavrteisstoed ataaithp twe g headidat e pr ogno:
or7e) .6 Grade 3 tumours show poaorrdsy ockiifaft eerde nmi it ant

ognosis (9o8al 34pre 8

2T.u2Zmo u r si ze

mour size is a critipcaatli wpnrtdsg d cagtgiea itmudnoauatso rs,h
sk of metastasis, recurrencetamihttpposmapateiretht:
ow a | ower risk of neltsspond hlseés Bmoowumrcsirzenceg ¢

tter opartioedks]



1. 2L.y3mph node stage

Lymph node status is considered a ;Eortegamppepgh
axillary |l ynplefnehoes heLRlN) rst site where breast c

and the presresmigenidi dclafiaoctrorsshaiy brepatilfehblser

Generally, breast cancer patients with | ower LN
comparipani eiotks higher LN stage. Further more, t
nodes i s associatefpd3wWwWhthLiNoaet agrogHwsttelyr ee di ff e
categori es: LN stage 1 indicates -3kaNalrN ii mwooll weed;;

finall vy, LN stage BNaneéi cava&lvemdre than 3

1. 2Rec£ eptors

ERPR and #dE&R2routinely assessed by ipmamuafofhiirst o
embeddedti ons in all Br3®dfhecaacemmepadeent st of f
and PR expression in inpyda8]whi lba eldBER2 cmasietri viist y
an | HC score of 3+, if HER2 expression results
gene amplification is confirmed wusing HI4uor esce
TNBC is defdmsedadotheyER,hePR, and HER2arkpiresasdasse
using | HC, where ERreodsP®Rerecggdreegabhve when it
is determined negative if the | HC score is 0 or

its §UdL.uL2]

10



1.Bhe nature and i mportance of ER, PR, and H

ER, PR, and HER2 are pivotalremedetolrarnr hbi eamarsis
prognosis, and therapeuti f48i1ERtdanfd cRAR iarne onie nbbree
nucl ear hor mone receptor faamiilvyat eand rfawmrs4cdr,i e i @
45] Upon binding to tbestrogepeot|tpweoshgee graeeaemteo r
transl ocat e t o toh edtdon us p e ¢ is § & qaurehcAeds e g u It ehtee

transcriptional activity of the taEglel ede gtemegen

receptbs) 22 a(nd Progest e€rGdRne whda ccehpteonmrco(de t he oe

progesterone recepddrs , 4bliespedctrianaslcy i pti onal e\
expression of genes involved in key cellular pr
and survival. While these pathways are essent.i
homeostasi s, t hienrcdlecetdesguhadonbnol l ed cell ul ar ¢

devel opméehnt

HER2ncodedebyt hhebd age@E®BB@ene, i s a transmembr a
tyrosine kinase and a member of the ERBB family
HER2 plays a role in regulating cell gr owt h, su
[ 47]Unl i ke hormone receptors, HER2 doeisnsitpgad equ

it initiates signall dhmet hs dtnghreae aprfEdddgpescnesr g | It end

becomes amplified, resulting in the ove[rp8Jloduct |
This gene amplification and subsequent receptor
of downstream signalling pat hwaly4.8] Tihnidse ppaerrdeing t
activation stimulates oncogenic pathways, part.i
which are involved in promoting oncogenic proces
enhanced survival, angi ogermeostiesh,d.Pahnd i ncreased n

Clinically, the expression of ER, PR, and HER2
and directly influences therapeutic choices. Tul

hor mpmeitive and are highly repp0hBheaexe ttor eeantdnoec

11



include selective oestrogen receptor modul at or s
inhibits oestrogen from binding to its receptor,
which works by blocking an enzyme malolfed nalr mmgatna
to oestrogen in postmenopausal wWo me n, t herefore

reducing the r[isk, o832recurrence

HERBositive tumour s, whi | e bi ologically aggres:
t her gppid3dsrast,aksmabal | eida HHorcepltomal antibedy th
extracellular domain of the HERZ2merreacseipntgorri,g gwehriicn
signalling pathways that promdEBRRanugn@egedtps ogrers
exampl e, t e ugntciomgdiygyate trastDMA)malee Mua msniae
smal | mol ecul e tyrosine ki nase i nhi Bi3j dheseasuch
treatments work to improve the patient outcome
ont hteumour [$Ht4a.gelbn t he cpaocssei toifv etartiopmibeéune¢d tr eat me
approach is taken, by wusi-ngr pott dvd etnlderca p ines ,anwh
promising results i n terms of patient [&®6f come
Conversely, tumours |l acking,ekxmpoess,jgon hadB CbHR,neRR
from endocri ne -ttéhregeatpeyd oag eHrEtR2, whi ch makes cyto
main therapeutic|[dppStoacdhanad acihambdteher apeutic ag
agents, anthracyclines and taxanes, whi ¢h.7lnduce
Emerging therapeiundlici dippghoblkbdeapi es andhavaa get ec
been introduced specitheakpphhbitoipRMbsohinwzaiena b
and at ezoMhiizcihmano r k tbhyweDbl bRReanegst @€red | T acti vati on
tumour i mmune [ 5.6AdvdeiitliloafalRIPY i nhi bi tors such as
Ol apari b exploit defects in homologous recombin
TNBC with BRCA1/ 2 mutati on, resulting in synthet

[ 59, 60]
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1. Mol ecul ar subtypes of breast <cancer

Based on gene expreaslseéeonl pasit ermanidnpil B€Coa chousubt yrg
l umilniakle t umour s (-AnanddiBhmi dHER2n &Ihr i ched- tumour
| i Kea4]TabllleThesabt ypes niwedreglilnped ugeémmgolaech0 ar

classifiepr &dioamalayssi s of MAMB,0 awhiaocyh 5ddnabl es ac

disetii on betweewi theusuboboehpegmwrsd migHi54dn

1. 4T.hle LuBiumalypes

The most common type of BC is the | uminal subt
tumours. The name | uminal is derived from the s
by these tumours and those expressedfbiyheheeemihn
duct | obul aff6.unTinte (disLtU)ngui shing feature of thi
of the ER. I n addition to high ER expression, tonh
di fferent genes that are |linked to ER funrction s

membeSLE3IQAD XX bindi ndBPL otGCATMA bi(ndGAGAPaamdei n

B cell lyBpbhpna]Rheg | umiingdil visddd ypet o two differ
l uminal A and | uminal B. Luminal A subtype i s mc
al most 40% of all breast cancers,( Twhblllege.6.L hbmi nal
Lumi nal B tumours have | ower expression of PR
prolifer atoimpeatrgeaheeaiumeolurkor eover, proliferating
( PCNA) ®H17d Kvihi ¢ h ar e i mmunohi stochemical mar Kk
expreatedh |l evels in | uminal B compared to | umi |
p53 mutations is |linked to | uméhlaHowR vieut, natmi h

subtypes have a high |l evel of ER and PR [ebx5pr essi

Mor phol ogically, l umi ndi f Betemioiuatse cda,r ewh ielses Ilwerhi
we-di ffer gptljRateident s who are diagnosed with | umi
better -fdriesecasier vi val (DFS) and overall survival

13



l umi nal PB64lDbherpedfeomenal Aashudtitygre prognosi s, anda
they respond well to hp6mhphlédramdositiakresmibis®it a @y
subtypexpgrhatisgls | evel s of HER2, due to its gene ¢

a worse overall outcome than | uminfq&l5]B tumours t

1. 4HBER2nr i cheB2) E$Sbbt ype

HER2, which is knownB2as HERBDUNés &od Brbund 12%
cancer 1Y) Té&4hl] lEIREnoncogenic tyrosine kinase rec
activates oncogeni c pat hways rel ated t o incre
invasi yé6MHERLnri thhendur s generally exhibit | ow I|e
of HER2 exfxphélkisti emes teinnrgilcyh,e dHESR2bd iy pteisn gaykies me d

6 7expressdloln,t earsd t o erxaitiibv & Haavtgihweiptryo.t héee t umour
worse prognosis in comp,amids drhetyo alrwemiarsaslo cd wh teydp ¢

OS and DFS, which indicates the[ tl]l]gh i mpact of t

1. 4Ba3s-hl ke subtype

Baslal ke breast cancer (BLBC) represents around 1
11)Y 6.1]This subtypehoframolnse trdel BepgppoerssE R2, agpeine ey

frequently show a [mli]aAti otnhe nt itnhee opf53di agnosi s,
characterised by high grahdiegh lraatgee dfu moaa ursrieznec
di stant layc.coBuoBCZ 0% to 80% of TNBC. Based pn gene
the other 20% tiox 8t0é0g corfi sTeNlBG nt o a't |l east si X

mesenchymbhi kef emmmunomodul atorvy- i kemilnaln kaeba2rs @ad e
subt ywmaddBdsa&le TNBC is associ at eids ovi gihd eproeod tph e gn

aggressive subtyge.4ddqf breast <cancer
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Tabl®. Summary

of moheciehttiypeisc of

breast cancer
i mmunohi stochemistry (I HC) status.
I ntrinsic |l HC st at Out come Preval en
Lumi nal [ ERFPR+] Good 40 %
[ HERRKi-]6 7
Lumi nal [ ER[+P R} I nter medi ¢ 20%
[ HER2]Ki 67 +
Here2nr i c h [ BE-R PR Poor 1290 %
[ HER2 K]J-]6 7
Bas-hl ke [ EER PR Poor 15%
[ HER 2

15



1. Gl utamine metabolism in breast cancer

Gl utami ne -siosl uablwataemi no acid that plays an i mpor
mammal i an cel | s, however, its biological functii
carbon dksenlceotrgpmor at ed into fatty acids and gluco

bi osyntheessepnftfi alonami no adi6dqo varntde ennu cal neiontoi daecsi d
carriebeehavédenti fied to accept glutamine as a s
selective for glutamine or associated with its i

gene f alnhiel iseosl:ut e c&LOQleSLECAGMI BYCI[ Gdth]d SLC38

Breast ccedncsercan become adddct bdi thamall abami nhg cal
to failure in grjo@w®]hAlanedr aptrioolnisf eirnatgilount ami ne met
areontrolled by the acti vMv@d owhiodh omeguyleateess tshie
oSLC7ABO]lI't also inhibits the expression of miR2:.
the expressionGbapb, gbubamignasée!l ¢ incr &agionyg t he
Further modri E®hYeq at i ve shomloy2drsoxygRt#iGar a@LleS (

overexpfé93Tlhhe | 0ss of tumour suppressors is al

‘N

glutami ne jmeiteakxlaimpme i s RHet iwhd kxlhadtsomav(ol!l ved i

oSLCl1AEpre$30dnN

Glutamine is first transported into cells throuc
SLC1,A5where it can be used for the biosynthesis
source for nil2)f 0.4 eNe Y tFd gailrieci wyrl aunt sapmommtéeodec hbeoyn d r i a |
bousaol ute carriers through the inner mitochondr
gl ut am&il& Fiigdu2)[e7.1 ]Gl ut amate is a pre@hiyr swind ¢hor g
used by cells to maintain their redox bal.ance ar

12)[ 1.9]

16



Alternatively, glutamate replenishes the mitoch
conversion -kientog | atrpGat ewhi ch occurs with the

dehydrogerndde (IFgpb6.6]Under stress condiliKiGons, s

undergoes reductive carboxylation, which hel ps
Further#é&i s, an i mportant cofactor for enzymes
modi ficati[ooml]pumoesscell s that harbour mutati ons
(Il DH1 bbH2 for exampl e, chol angiocarcinoma and gl

expressing RHGh whiveH si 9ft he -deersilKeGt @i v @i 212 @ami n e
HGcompetitively inhibit §KdeNpAe ndoeditf itciagt] drBeé eamaly
Another function of glutamine is facilitating t
l euci ne, which is transp&LtCdARi retxac hamgecdmecerg!
(Figu2)e Leucine is cotnstie@demiendi mg s$stheprtahat maint
ofmammaltaageft rapamyci nmlcORPI exwhilch then regul af

transl ation and prevents abpddpi.@sis in cancer cel

17



Eitracellilar dsace Leucine Glutamine
Cell membrane SLCTAS, SLC3A2 | SLC1AS
Cytoplasm
Leucine Glutamine Amide group
l of glutamine
mTORC1 J
Cell proliferation "“°'°:“d|°s
Protien synthesis Bhess
(]
()
Acetyl-CoA
Oxaloacetate
Citrate
cycle )
Succinyl-CoA -
a-KG GLUD Glutamate
. GSH
Mitochondrion
Redox homeostasis
Fi gulrze Gl utamine metabol i Glmutianmitnuemoiusr tcredncs@lbllys ed i nt
solute carrier f SMCL5 1whmgemebwitthess i t rogemnucbastei der
bi osynt hesi s. Cytosolic glutamine is t rGarps p owhieadh i n
converts glutamine into glutamate. This helps tumour
aresult of the prodaShiwiotnih eofhegllputaft hglomtearat e. Al ter
dehydroge®@laBR1 ta(al yses the converskehoogl ullgdgua taenaf e
whi ch i st hterpiacar bodxyl i ¢ QLcCHAT Yy b | € hFLT@AF2npdrt | euci ne
into the tumour foehnt sadel lewlcahranggyleut amd mmal iLaeno €ti aareg eatc
rapamycin omd®ORIdgx whi(ch plays a role in celRFigurodifer
created using BioRender.
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1.®he origin of DNA damage in breast cancer

Breast cancer is caused by the accumul ation of ¢
nor mal[ c2x]IDINA damage is the key driver of these |
integrenphamoero gene3IR$The origin of DNA damage i
l inked to both endogenowbi adhus e xogiegonat so umaaisf,
mutations | eading [t®H3]gpereonnifc tihnes t¢adbpicldirdg ysalulr marsk
endogenous DNA damage mai nl vy resul i nferloumdi hgtr
spontaneous replication stress, hydr7ollj]puicngetbe
process of DNA replication cdouwmbglteebsdahkheasii( BEBaks

generated due to polymerase errors, replication

machiphed4ly

Oxidative stress is a key driver for the progre
i mbal ance between the production of antioxidant
reactive oxygen species (ROS), wh)i,c hh yi dnrco xuydle sr ahc
(HOA) and suped)oxiadree agneinoenr a(tGd by the 7ppadiThieal r
high | evedrgeesfpoR@%S bl e for | ipid peroxidat,ion, p |
l eading to genfjdmilBreastabiahicey subt-pypeisti parand
TNB,Ghow gh | evel s of arxeisdualtti voef setnrdeosgse,n oauss and e X
Endogenous sources, such as onesttoraohgderadoroil dls md y sawfhu

exogenous sources include envirorfqmendt al pol |l ut anrn

1. 6Enldogenous sources

Mi tochphayikay role in the redox balance, cel l ul
regul ati on. The activity of mi t oc hom@raina,,iOs t he
further mor e, t he producti on of mi tochondri al R

antioxidant defence syGA)Yem, glswtcaht ha 0 G& §itpaalmadxe d @

superoxi de 8OBDrhwt8gdskev eért hel es s, i n breast car
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mi tochondrial function | eads to high I evels of F

reprogramming, genomic inst[am9]lity and tumour pr
The dysf unet eeanrofm transport chain (ETC) in mit
ROS overexpression. ETC is in the inner me mbr an

protein cdmwpl exnas ATIP syntha&]ld n( Gioompmad x cw)l | s, el

adenine di nucl eotide ( FeAdDeHRRi)n ea nddi nNict¢ etoit m @ mi d(eN.

electrons, that pass through ETC, causing the sy
[ 78] however, i n breast cancer cell s, this funct
tumours to have a dysfunctional complex 1, whic

reacting with oxy/gemearcad fedremiangngOt  he|[BOVel s c
Mi tochondri al DNA ( mt DNA) is very susceptible t
hi st.®aena gnetdDNA caused biymR®@®idres drutntceri oncméd atEd, w
a vicious cycle of high ROS generation, [[7T®34dding
Mut ati ons aireommBbNAIin brempseévicanmsestudy identifi
cytochr ome COXo xgiedhaesse a(lnd del eti ons in NADH dehyd
increase in genomic instability by epubmotoifngROS
generation, and enhances tumour survival by modi
gl yco[l 8k]iMor eover, br eRG AdnaBRCAARe f wtct Bncy exhi bi
|l evel s of mt DNA mutations, which indicates the a

and DNA[B&pair

Oestrmgénabolism is one offoxtidatmaien Ditemsd & ®egresavh i |
i mportant for the devel opment of nor mal breast |
producti onwhdothRDOD8ads to DNA damagd 8&k)eds t meotgaelno | i
metabolism is a complex process that involves th
reactwbhehmhe mostly catalysed by oCyytlPo c hir manleu dR 4n&
CYP3I/XAP1RANEGYP1IB1l n the first pehsatsreo noef (nEelt)a biosl irs

t mestr@E2)l via t hbehyadnrowmest®27Toi d dehyBHIDENnase t
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whilBHSD2Zatalyses the reverse[ 8rdd &2t itomenofunBEz2r g
hydroxyl ation at positions LCr2i, mierdyadrod i CEk6&, tioncpr
hydroxye@ODHE)E,-loldr(oxyes-OHEA) all pifivadr oxyestdr adi ol
OHE2()Fi gur[e8.41].Bo)t IODHER A4AMWOHE® x hiotnictogeni ¢ potenti e
inst,a®&2 undergoes redox cycling, which results
( OH)0al d,"iOncreasi ng t he[ &«K]iTchaetsiévee®R @St tr lees sf or mat i o
8-Ox@deoxyguanmwsd @le, (Bhich causes oxidative DNA d
the genomic ins[t@HAGHEY exhihieccesehbgenoosgacti vit
220HE,2vhi ch represoent s 0ge welabkaHB2 vhiasy a similar pi
E2 as it bestsrogeepther, s usdt &R padc tgevnahtainocn ng c el
proliferation, it is also knWQHE?2asi ngsetrrfieale (WHE3
replication via forming stable DNA adduct s, whi

genomic i[ms6tjabi Wasyindi cat edOHMBh2atwahs gahs d ceovied tse o f

increased risk of breast cancer| 86Ffkpecially in p
Phase |1 repr esenotess ttriroegderdpir mivreantt iso n had sa cr cougneunli act i
and genotoxic metabolites that cont[r8.d]uthe tmaitnhe

enzymes that are involved in theSUddcoaaOgphhcle
met hyl t r ahGM)le raansde g(l ucur on WGkt rtamessd ee reanszeysmgs f ac
excretion and odeesttorxagfteiaxdatl iidre sqgf aGHE-@MEZ canveér t
16-OHE2 into sulphated, met hyl afFedurag[d8l7.g3rbheur on
i mpaired function dfespbasédel acmemabalti ®8m of t ox
i ncrease oXxiheneéev asttirmg sD[N8A4 |dFeoma geex amp | e, t he a
t he expression oBULTHsS 8 f mM @G Tozhi safat Mtesest rogen

homeostasi s, hence promoting tig®®Oyr progression
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17B-HSD1

Oestrone - > [ Oestradiol

178-HSD2

A

CYP1A1/2 CYP1B1 CYPs
CYP3A4

16-alpha-

2-hydroxyestradiol 4-hydroxyestradiol hydroxyestradiol

[

COMT
SULT
UGTs

Y

Sulphate

Methoxyestrogen
Glucuronide

Fi gulrS3eEndogenooeusst r oned ra b o ITihem.di agram shows the metabol
endogeonessrmgéabol i sm, highlighting d®ehsd roneer(cEdnv ears
oestradiol (bhydtbxgdghyodi dgdadHHsS®Oa n@ BD-HS D)2. I n phase |
met abodeisgm,adi anlet atbltod o sl cyt oc hr onm&Y PP, 4 5i0n @€Medikrkegs (
CYPLAAhZYP1B1ll eading t o thyed rfooxrymeasthiyodnd ooofy eamd adi ol ,
al ptlhyadr oxyestradiol, whi ch have varying okeisgéEmgi cal
met abolism and carcinogenesi .esltmr @gHemssd hlelr, nteh eashen | hH ysdk
t he foll owi:ngat ed®imghéersy | tr arCOMIr,aseul f ot rSUlLdhedase (
glucuronosyl UGasstenasesifg them to methoxyestrogen,
which are wabh®dldedreaduct s, ofeascirldigteantxiinfg cati on and al
Figure created using BioRender.
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1. Ex20genous sources

Environment al pollutants iamfl a@nieda®tgievneo usst rseosusr cée
damadgever al environméhexi daptoil v al i seteir eesassreiaa kd  hoef

breast cancer, including polycyclic aromatic hyec
cadmi um. PAHs are wusually foumidgairetdmddusheiyalar

met abolised via CYP enzymes, Igetmdrtahe nfgo RO&St men a
adducts and ox[ dafwhviec d aimacgreeases the risks of b
[ 9.2]Cadmi um i s ame em@mtnigphlaet ocfont ami nat eist awasteessr an
the deplG&tHwhinclhfl eads toabhbhkeodiedenpien amaa $peisd

peroxi,dancenel evating the I[O8Bdpbsombt ioxgdahevdesg:

of breagt9.4cjancer

DNA damage is also affected by dietary habits th
excessive alcoholgldtoeasuapd i pmocessed foods. Thes
the generation of RQ®%ZhdAcexiadwnditéilcwed ésst rae scsar ci no
is generated via,ahcecobdosl ameitabiotlasm depl etion
l eadiag ntco e 3dsNeA damage and bre@a&JtObceasncteyr irsi sckons

another factor that i ncr ebaesceasw $tehteh & i iwrecsroef aosheedr a s

(op

osynthesis and |l ipid peroxidation, wh[2®%] i ncr
On the other hand,andii eotxd dtalmats ,arsascrhi als pol ypheno
C andeErease the | evels of oxidative stress and

breast [cd&@rOder

Collectively, oxidative stress is a major contri
cancer development and progression, arising from
exogenous environment al f dhacmaog esu shefdhxei dpaetrisvies t setnrt e
l eads to genomic instability, tumour progressi
i mpor todnceex pd notra mgeRtOiSng d i aptactdhways f or cancer pr e

treat ment .
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1. ONA replication

DNA replication is a fundament al cellular ©proce
during cefldlOUdliwvisulbaryotic cells, thisomeehanisr
during the S phassédlsbfeststeentdalll foycltehe accurat e

information through sucfédgjThe gempdrn ataitomn @fr oC e
from numerous genomic | oci, known as origins of
origin recognitian2@Weprnm eaxct(i®RE) on, these origi!
for ks, wher e t he parent al DNA strands ar e unwa

simultaneous synthesis of twd 1d00@mpl ement ary daug

This process is coordinated -piyotdien rrapdhismeney @&
of key component s, such as DNA helicases, DNA |
[ 1030t her i mpbdbnt BDo\NdAe fla cgtacsres and enzymes that rem

exampl e, FEN1[ @A B#4¢grhree .hel.idlase unwinds the DNA t
pol ymerase to synthesise nascent DNA strands, (
di scontinuously on the [|l102dDMAY rsetprlaincda t(iFa Ry uprreo. c el
conservative manner, meaning each new DNA mol ecu

synt hesi s[eldd0Ox]trand

Replication is finalised during the terminatior
opposing rfepglkib@atsiaess embl y of the replisome, an
mol ecul@sS]This precisely coordinated process i s |
integrity, as err olresatdd urn incg mpleetme nateipdmcati on
chr omosomal rearrangements, ultimdgdtledléy] contri but
Replication fork stalling occurs when the repli

structural aberrations[10&JThiwmpéeadist soptbgreseci
okingt eamMiNAd (ssDNA), which are rapidly coated b
stabilise the forkla@bhfher acentmudalaltams efs DRIRA s er

as a signal for th€@HRKTLtsvaghalbhi md patehwmdRr, a key
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damage response (DDR), t hat induces celll cycl e

repplld07,. 1®@Bcde replicati ohhwsttalelsesd ifsorrke smdn emde s |
coordinated actions of DNA helicases,spseuccihfias
nucl eamnesuding FENLO&MHDLDWEX@LT , prolonged stress

resultiseepn i catciodn apelikkaydi ng testbDEAddbukla&ks ( DS

necessitating rdpaied ithr omegmahi gims such as homc

[ 106]
A major source of repliicepl onasiorssongl tcaas¢ct
when the replication machinery encounters the tr

DNA teniplllaDtheesa@acount ers happehnr é ot ie® koane rnoaan neeera,d
with -chreacdo!l | i si ons being particularly disruptive
and collapkEeedn rceoct i onal conflicgdtsi,l laldihomugmt |ree
dynaniilclsl1lOne of the key consequenctoopfh,dW®s cihs

RNAODNA hybrids wi tthe ndpilsaptlea csetdr annodns |, that act as

progression and can promote [glelnlojmi ¢c instability
To maintain genomic integrity, cells deploy seve
R1 oop accumull2aj]fhese include RNase H enzymes th

hybrids, helicases that unwhndhDBA) eandt eopPbAss

[ 112 However, in cancer cells, elevated transcrirg
increase the incidence of TR 1ilr3elgmeneypamsle r etp
cells often rely on wupregulation of DNA repair

FEN1 andt Ex8k ue stall ed forks and repair DSBs,

recombination pathwhy¥44are compromi sed
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Topoisomerase |

3 Okazaki fragments

Helicase ——FEN1

RNA Primers
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Figu
hel i
Topo
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nucl
di sc
Thes
remo
cont
Figu

ride Representation of thdsDNAerephbl cattoonf 6ok k
case unwi nds t-shter amalreelntaNA, d opurbd-det c ended wo e mp Inatl
i somerase relieves tensional stress generated ahe
rs contimheusdsly tio 3° direction, medi ated by DNA
eotides compl ement ary t o t he templ at e strand.
ontinuously as short DNA fragments knownerass. Ok azze
e fragments are extended by DNA polymerase and
ves RNA primers or flaps. Finally, DNA ligase s
i nuous DNA strand. The diagrameipdidicaati eesn tfloe ko e
re created using BioRender.
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1. Bucleotide biosynthesis in breast cancer

pa

gu

Th

as

py

as

as

pr

de

ad

mo

Fo

cleotides are the main buialndli cgorfislircsidgkessn o hegene
d adenine) a nhkdy mg ynrei ma dd nTevsot da thnhewa nw s o lav eed i n

cleotide tbhdees ynnotahoehsviady,hsaanldv age [phlSlway

e dysregul ation of purine amdbspywviemi dinndrewnst!

ntributing to tumour [plrlcdgressi on and metast asi

. 8P.ulri nepyandci dile nrepad hway

e biosynthesis of purine requires amino acids,

i osynthesis pathway starHtphwisphBbtRomonkerse mino

osphate pathway (PPR)yrophosphatsehé¢PRPEP3IYI| cat
zyme PRPP synm@ah @tmasttéeenpgTdhfe t hi s pat hway i s cont
ut ami namiPR&tPr a,n s whecraatkael tylsee sbi ndi ng of PRPP wit
sulting in tphteo ppdruick d ownl ami be and[ Lth2]Thel eas
t hway cul minates in the synthesis of inosine n

anine and adephlbe] nucl eoti des

de npyoi midine synthesis pathway requires gl u
par[tlalt7e]The fir st step in the pyrimidinkesynth
rimidine ring, which is catpdloyspehcht by sy he h etna
partate transcar bamoy (CaAslpe,, wahnidc hd ichoyndvreorotrsot guls @
partate into dihydcamoboaay tr[tlditBfgdA)enanodrt at e (
oduced via the conmiercé¢hmanadrfi ®IHOmMenimydaimeg dr oor o
hydr ogbeHHGDIHOA( i s transformed into orotidine mor
dition of PRPP. This |l eads to the formation

nophosphate i(dJaiPgl, y svdhd cthy UMP [slyiBtlhase ( UMPS)

r Deoxycytidine triphosphate (dCTP) synt hesi

(NDPK and cytidine modMpPKosphaeetkhenpsesphoryl ati
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uridine triphosphate (UTP), tthTeM$ dad hstehdei dior enatt ii @m
of CTP.i sk f oramed ud $ of the dephosnpbbegstbtdeon
di phosphat eNDRPKAA $®els,atth e enzyme ri bonucRNRti de r
catalyses the reduction of CDP iMDPRPKiemxgstydli ds e

the synthesisibphcdCpiPmntaivéeidP NAS8 ]

The synthesi s of deoxythymidine triphosphate

deoxyuridine t ri,pwhoiscphh ai s cdUaPysddTPbyi sdUTPRan ¢
dephosphoryl at ed t o d UMP. Further mor e, t he pr
deoxycytidyl ab@T)d,e awh incals ecqdnverts dCMP to dUMP.
dTDP are formed via THymadywat e agntdbhasgt bymi di n
dTMP kinase. Finall vy, dTTP is produced via the j

into thel®NA

1. 8Pu2ri nepyandigdalnepgtehway

The safdatalpway i s essential for recycling nucleob
cells to maintain nucleotide pools efficiently,

t o hke nowmwmt hesi g 1lplastlfhway

Purine salvage pathway maintains intracellul ar
purine bases, for exampl e, h ywoha x@ahret il me coqqwamit rea
to their respective nucleotides. There are key

adenine phosphor iABPPRYTy | twha thf ecraatsael yse the conver
adenosine monophosphate (gAuMaP)i,neanpdholsymox armtolsiyr e
HGPRT, which converts guanine to guanosine monop

| MP119]

Si mi Itahrelyy,i mi di ne sal vage pa&dthiwary afl | owesl d diei dreesl
t hymidine, uridine and cytidine, as well as pyr

cytosine. This process is facilitadyetdi diyne mkioma
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(UCK) , which phosphorylates wuridine and cytidi:!
( CMP) , respectivel vy, while thymidine kinase (TI

monophosphaltlel 8(]TMP)

1. 8Ta3r geti ng HMPwrmrmiime dame Synthesis Pat hways

Targeting the nucleotidpr onmit abrodg i slmeii ap ewtnhicer ap |

i nhi bmour progaetsistit@aneiammunp 1Ykt em

Il ncreased purine synthesis supports malkitnhgipsi d pr
pat hhway a potenti al therapeutic tartghgetu.r d@&ree of
novpoat hway i s | MP, which i s co[nlvlesrjMedo i toe nedltihce r e
( MPA) i compeobntive inhibitor that targets |l nosi
(¢ MPDKH which is responsible for converting | MP t
of guanine. Although MPA showed promising antit
show clinical pdtfiilcla2c®Md rne cwaerc,e rctahseade v agel Ipat lhwa
for puri neAPRilosd uocntei cof t he key enzymes¢cawhophri Be
(8MP), a compet iAtPIRVTeMBPi chaiutsietso rc ed fl cycl e[ a21tkst i
however, i n ,mrndaassmalclangreaup of patients seemed

pati enBRCAetactivé l2dihour s

For several decades, targeti ngpatrhtei cpuydrair nmydvi tnhee s
pat h)\wapgemaitrheed backbone of 14d&fMcher ntolsdr ey ent i al
this pat@GMandaoOodlds they repr-eisminti ndestreapeof th
and they facilitate the formation of OA, whi ch
[ 117]The over exHhpODeitsssiindkne doft o t he i ncreased product
enhances resistance to genot oxi[cl 1t8HTehrearpei easr ea nsde vt
DHODHnhi bitors, such as brequinar (BRQ) and I ef
as Iimmunosuppressive agents in rhepmima8@i dhavghr

t hHODHNnhi bitor BRQ showed priomiwingo sihwioi e o ui t

29



could not be repcloiduiceatl 1i8rk ripahtiahseer | aimmp loa riaxs i3 a
cancer therapy, which tTayxglheidssudbygchi dionebsgashase
caustelse depl etion of pyr i miHadwey eabmds ved dsrecveerr ad e | |
l'imitations, such p@at iraemsdlsotwa mreee pifpnl 4do8aFrcadtrdh er mor e
cancer cells rely on the pyrimidine sal T ge pat
ad amerration in this enzyme|[ Wa8Higpboexx@d&Keissibn
was associated with poorp atrideghitddgA zsi diont Abdrirel adsstn ec a(l
aTKinhipbili2whiictmhi bits tumour growth in/ivnadiuadusgty
breqgdt23Jovdgnrni2ddg uhzbnd col on[ lc2abnidewesv e r , its role

cancer tirelatmeanal settings[Had8]not been reveal ed
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1. DNA repair mechani sms

Human DNA is constantly eDxNAda md ga gogndti sf.f eFeainltu rtey
process of repairing these | esi,wmherkeddbetbsthan
genes involved in DNA repair tagpDifefaelr ¢ ot tDNRA froe
pat hwayysnvaleed in the process of repairing dama
damage, incisadiamgl dirreglkes; base excision repair (
( NER) , mi smatch r eptai and MMRYarkad;cowtoduesi reindg ( NHE J

and homol ogous r e[clo2nb]li nati on ( HR)

1. 9Balse excision repair

BER is a highly conserved DNA repair mechani sm
exogenous insults to ensaug&leanbver ianelelgs itegl vfoDNR
tencounter increased oxidative stress |l evels. Th
i n eit hpeart cshh orretp-piat cbr BERag Ehorepair involves ¢t}
single damaged base asdnghe hncoepoi aeiPOhaoDNA p
[ 129]pol ynuc! epohtoi sdpeh aRtNa®Resrey r ep &iormpdrement i ng gr
1XRCQ1 and DNAUL{ g)$1¢2BIillel al t ernati vepprokedepai i
where more than one nucleotide is synthesised (]
ardgal29]This pathway is carried out v-asasdodhieatcodr
factors, for example, prRPCNA erraetpilnigc aiketliol,n rdldokl tecarr
pol ymer aPOOdRNA apdl ymer aB@L aermpBEN[oln2 9JThe factors
det er mi ne -pwvéhti hcvha ys uibsaraed ti il W atheed hgweeso)] vedpep cell
phase, the intracellul ar concentration of ATP an

roles in determining the&9mol ecul ar steps of BER
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1. OMi2s match repair

MMR plays a key role in repairing and recogni sin
I nsertions of bases that arise dufri2ag]TbD&lAmaenol
proteins that are invol veRIMSIno noheo gRIMB2MwtsS em i r
homol oguseH)66 Mmut L hhmMdl aqpdl Mut S protMdSHII HLSMd!l ogu
The defitchMMRe ypaadfhway may | ead to genetic instabi
cancer . I n breast cancer, MMR deficiency (dMMR)
death, especially iHRB[tL3MOJutr swawst hl posiepoeted t1}
patients with tdWMMRwasumicmrade Bin comparison to pat

intrinsic subtdyMMR 1Dt with non

1. 9Nu3cl| eoti de excision repair

NER plays an imppnmdtiateet t dGrevlgles agaiNER e Ddves eBubkyg
coval ent adducts that are induced by UV I|light,
irradiation and activfel2h]ibgtavou snembbabsimst ¢ hat
used to detecti nDcNAuddamgagteoapbedi pNER)N( Tahd gl oba
genomi c NERR)(.GNGHRC i s used to permit unpegrtur be
removing thaws&iingtileersi onst hTGNeERde-pacheayy in

cause a severe premature ageing confdix2je@,NERTr e
supat hewa g mitnhees whol e genome Tlodi shterlii xu-ME Brinnay | @& .
l ead to cancetr 18R¢Qniespofsitheoeni mphNEntpaphwagi ns
Xeroderma pigment os uwoPiyr oaugp iCt pirdodretiinfsi s damage
role in theheER ipatthway ofOt her i mportant protein:

RAD23B, XPMd Lelx@l sdroosampd eimegt at BRGQL 13 2]
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1. ODNMA o ubster dbrdkeaks repair

Two main patubBwayd oamepaisrt rDMA doelalke includin
recombinati onhdmH®R) o @ajdsineimdg] I NHEGE exposure to
radiation is one cafuskENie domdbsleems [thhr3e3aKAEJ repair
mechani sm uses mivkiromoaoé ogherst homol ogous DNA s
repair process, whil e t heh dHRo | roegmagisre f Mde2&hhaeni s m r
NERJ pathway is activated during all phases of t
activated in the I|[alt3dldByamndampG2t phaspentieahsf are
NERJ pathwa¥XRGCGHMLF, XRCC5 ( Ku80)andXRd@iaxs{eiFusrO)

t he HR pativwa )| tumour S u p prnevsosl ivredlgwediersg aatea x
tel angiect asAiTaM) mu tBaRBeRICA2 The deficiency in the |
cause the proggeradeomepnpdbushi ghddidsdhMoa aerowviemrgmapoo

defined NHEJ may play a rol e l1x6]the progression

1. Upregul ation of DNA repair in cancer: dr i\

tumour progression

Antancer triemdlIlmedinrsgga chigati on and chemotherapeut |
cause cell death by inducing |l ethal DNA |l esions,
capacity can countle&r7glichte tahbiisl idtaymaogfe c a A cnedru cceedl | s
DNA damaket hernesi sgaemtot oxi ¢ [tIre7a]imemeéefsor e, tar get

repair pathways in cancer cel I[sl13i7s] a potential t

Many DNA r epairre pactthovaegser cell s, including BER,
tumours agai ns[tl 308NJAo d aeeaghegpi ceed acti vity of the |
been implicated itho ttuhmoruapy,esasstiatnceenabksessonéfic
cause@nbymoaugengisch as floxuridine, t e polz3dBI]o mi d e

Further more, the upregul ation of DS 8u steugmeoiurr pr o
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resistance to DNA damagedrithgdo®&8 by whiadh aprene

apopt oseinsh aanbhcdensour prloyg8&ksi on

The overexpressi on ocfa ubsierse a erpeashits bradntc ad rseloy enhanc

tumour growt h[ 1luOn8d]j@m c cdljreirMsasn mal i gnancdreisy, e ns uacrhd a
MYCt umour s, experience high Il evels of DNA repl |
encountered in cancer cells via the hyperactivat
for exampl e, activating atRadr3e |l tadlealn (Ciheactkgwiiant mi
(ATR/ CHK®ignalling for stalled forks and HR pat

continuous tumdgqulrO 8pMoorl et chvee rajtpireemgul ati on of met at
caustehse upregbNAti emaiod. Fpak hmpl e, el evated glyco
causes the production of excessediact anee twhi g
increased activity pIL3IBSAMe@ailry, patthkwagsmi a cel
oncogBkGRBIkhoaw evated | evel sRAOS It hlkei HR eomlamd evs t |

repair ,hbapaact gtalséirgi st @anmiet omyci splChahhh

Breast campaeticelbsl|ly aggressive subtypes, show
proteins, which i ncr easaensc etrh diffrd &tejffdinsttsanere X pr a o
ofRAD5ils eported i n i nvasive breast carci noma, a ¢

i ncr edRADS5pf ot ei n I-7efvoellds cboympZar i s on [tlo3 9nflr ssma,l tched
overexpoR&a®Obaanssoci ated with higher tumour grade
[ 139]The BER pathway is commonly upregulated in |
endonucl| ARBX pXY ot ei n was ass oocdhad neadr ens it sht arhcee oinms ¢
cancer, ovarian and neurologic tumoursenswihtiil ®ed h
tumour cell s t o DNiAo diarsdadgig@a tciaouns eadn do yc hemad b gr ape
The high nucleAPEénxpTEBSs0ociafed with poor pati
showesi st @natei-bnausned chemoltdjr eapysnady reported th
downreguRAREdxmr @o$si-6051 iamdZ/MCE I il nti eeahseeidr sensi ti

to Ol aparib. Al so, t he st uvAdPyEdfowmtr eagnri Ina v l@erde d t
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Si mirleasrwlrted und, as thAPE&xMmurce s ®inomfcaused a dec|

vol ume and we€i getnogfr aMC ke dvetrtemoautresd tvhidttlhd 31 apar i b

Poly -(AD®s e) p-b IPAR®)r wlkiech i s an i mportant BER |
damage dampgergul ated in breaststhancem. s@Qmegistaddys
around 8000 primary malignaMmMARPalRdr assimaht wamahot
beupregul ated in approximately 30% of primary b
nor mal [tlid8gpeevi ous study showedPA#&RBEB1lb roevaesrte xcparnecsesr
conferred rlkysc-tbit paenncdee ntto ki nase ( CDK) 4/ 6 inhibi:
PARPclaused high CDKdd ibthi it priso & d éan tsaintdunnoovuirv o

experiments. The study further =saunglgd sotws etxlpate spsat

PARPcloul d be LDOKAi/ItBhveéitors i[nldbFlJeast cancer

Further mor e, PARRvel hhii mi thoresa swo rt BIR®AArrB R Az ex hi
defici ehmomever, their efficacy dliIm3 hli shwasi $udiRe s
t hat cofmbRPMNihnigbhi t ors with agen®Ad Ml Warkh idh istrairps, HWRh
prevtemmour cell s PAR®mduepai DiNWMg dareecaaksst, cancer ce
become more sensiti[vued 7{Ad stoh e ttarrgattmenmgt ot her BEI
XRCCdAdAPEilIbeing explored to enhance the efficacy
cancelrd6]ln principle, the combi nat iaogne nidsu IBEER i n

increase the | etdcian-gtacknudrauk satiimnc o4f@€ler cel | s

Anot her approach is to target the signalling pa
repair. btheeWnn/ pat hway has been associated with
protei PARBmMMI bitor [ I@&BThtecareder e, using Wnt pat
combination with owonVeantdi obnat heheedpgtion of DNA
and enhance drug senpgl87VFiury hiemmbumout heekl $s g
how tumour met abolism intersects with DNA repa
transpor t(eGLUtyydea 1synt heti c i nhi bwhtiacradlen dowre asg
cancer cells sensitive to radiotherapy,!| iamitig i n
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the nucleotide pool [(488]Gfl wnt armd mied m2N A& brod g asinr p | &
role in nucleotide thuironsp/mdrhtessi BNA wihe gd[i XYidnialnd r e
Studies have shown t haGL B &@BrRgCeatrionfg cg lewntt a niumeosuer s(

i nhibitors-83&wmh iamsp aCB homol ogous recombinati on

availability, which c¢c&@ARPHN hd Wnlttdveltsi ¢ | et hal ity w
Overall ,t hBeNAg eteipmg r pat hway is crucial for enhar
However, cancer cells are adaptabl e andtodemel op

to bypass DNA redpia8BilFori nehx dmpli @eBRC A Imbudtrast i wint hc an
restore homologous recombination by the overexpi
RAD5S1 or rBeRsCtHouwrecti on bwseacgumdaiyg mutation, whi
resi st ancRARdPgnahiinbsitt4o8r]Bar geti ng the regulatory pa
upregul ation of DNA repair is .#Fopxampsieng t hiee
downregul ation of dlentdardiete emstealb ol itshm nucl eot i
cutt itnhge odblfi Itihteyt oumaed and sumakiinhpDRAseapgaiti ve

ot her therapeutic agents.

1. Theotential ®dedwesSdaG7L0mMONA epaibreast

cancer

Breast cancer cells often exhibit both dmemoabol i c
key hall mar ks of cancer . One such metabolic ada
glutamine $k@anApwhritcer facilitates the wuptake of
l eucine in exchange f[o%.0]iAltornagcse ldleu ltahri sg, | uitnacnienaes

DNA repair enFENdeHXOkE&Hs asl so been observed in b
prior studi es l inking these enzymes to poor p

behav[id3ar. 149]
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FEN1 car i teihnegglme i n the BER pathway, has been sho

re
an
oV
ne
re
t h

[ 1

ceptor Ud @mm@ml g XEeRs , suggesting a regulatory [|i:1

d DNA repajtboclapadcittipwynal | ot . MédchphwsurkEedml t hat

erexpression correlates with poor prognosis ar
t wor k ATMMONIdviontgher B[ERS pPJERteseigealling has al so
gul ate Let hal gi ant |l arvae, a polSalrd7thybs oprm ot e
e cytosol to the plasma membrane, further tyin
52]

mi IEaXrOlykaey enztym@&MR npat[hWwhyljlats bierepn i cated in b

ncer progsevviesmxpression has been associated

or prpydpsi s

t hough no previous studi es have directly i n
tabolism and DNA r wphayipro ti hhehdeihstes s aséanometdj ahed
rough nucl eo$Spdaei faivaall layp,i lewécy preq p o snBpLo&rftAld Ivi a
stains mTORC1 activity, which in turn draegul at ¢
uci al souHphboondhartiebo(skR5 P) for nulcsl3e o Thi4e] bi o

creaspmlnyucl eot i c®ONAupgpRrati r processes, particu

BER and MMR enzymdNdpBEXOtrrspecti ved)y (Figure 1.

Co

me

i n

di

Il ectively, these observations suggSelsQ7-Acb pot e
di ated glutamine metabolism &FENADEXOAewhiiah pat
fluence t uvmogurowlithr i vaksis aims to explore th

fferent breast cancer subtypes.
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Nucleus
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Fi gune,r oposeldecanu!l ar |pantkhilnage r e d

glutamine metabol i sm

in tumoubrewwildles .i s transported i nftogrl athamit oenowiracedll ut ¢
family 7 @Ie@mbaeswibt h( S§h €3.ARlde wdi n emaantntai | viaat e fstagpragrne/tc i n

compl end ORG@1 whticenntiinvates the pentose whogdmarn et @at hyv
ri bépbosphatenuRRbitbharent hesis. This increasessedthe nu
by ODNA& r emaiyrmes asbsauseekci sion repair enzyfreENNHmd endor
mi smat ch r epead on uecnl zeyads&@1lt Ir e(pai r damaFgiegdu r@BNAc.r eat ed u:¢

Bi oRender.

38



1. HYy pot hesi s

Al sBerons in gl ut ami nempnaectta bt ohle fsenDfMiAcprestrfdyiary s i n

breast cancer .

I n the,sihe intberawekanshe gl utSanti7rae dt rtahres PDANrAt ere p

protEEN&SNEXOILN breasmercanmeresti gated.

The specific aims were:

1. A3 ms

1. Tdurimeesti gmRNABAHd phetehep LevekbaSLOMAD et we
and®NA r @opoit@ENdN&XOI n br easwi tchanccleirni copatho
var i abbiloelsongairclssel€h a p3 earkd 6

2. TacaonftihremprognoStiCZabudi DNAYrEeNdlaBEX OfL irne ast
cand&hrapt3deramn.d 6)

3.To investigate t hbeotShmp7a&iH BONILNt aoilgereod g cancer
cepdol i frmir@rntatoingn, invasipompt(o&Ghedspt eérycd)e and

4 . To i nvetsh@ogeetmeeicalpr oc al regul atolSyCrabati ons'
FENiln br eascteldancenres, assessing how the knoc
the expokesshenowhetrhbmasna alterations ar e I ir
changeparticularly in( @hamtcehrond) i al functi on

5. To identify shared protclimngincecdlwop &tshvaanyds earg 9 G

SLC7ABHBENHKI gh expgrCoapiten 5)
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2. Patient cohort

2. IMoll ecul ar Taxonomy of Breast Cancer [

( METABRIo®@) r t

ThMETABRItCuidy & 1| pav i ldaatlaes@mpirnigdl , 98 0i mary breas
cancerffozem samples collected from tDNWuandank:

RNA were extracted from each sample and used for

integrity andweagnelailtuywt@efd DNAng agarose gel el ec
gual ity was assessed using t he Agil ent 2100 E
Technol ogies, Wokingham, UK). For genomic profil

6. 0 arrays (AfCfllyameat,r i&xA, SlhA)z datBiMPR@Z hApploigy ( ¢
Denmar k). For gene expression analysis, total RN
RNA Amplification Kit (Ambi on, Wdrarbied dtean ,c RINKA) ,w
hybridi¢dalé lommiona -H2Z2ma® HXpression platform. The
were-pproeessdad,anlsdgp2 med, and quantil glbé&t malised
Di fferenti al gene expression analysis was perfol
Data (LI MMA) package f®premi Bt ooondwat g LiAMYDéEé mi cr
gene signature was used to classify breast tumou
B, HER2 i ched,i klbas alnldi kregr, maa s originally describ
publ i §a6bdn

Clinical and pathological data were also obtain

grade, nodal status, ER, PR, and HER2 status, a:

positive patients in the cohort didssembltedepweo
to the routine 1 mplaerngeentteadt itohne roafp i &2 i1 Ra tviee natnsd /v
Il ymph -nneogdaet i ve tumours generally did not receive
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negative amagiori meodgati ents were more I|ikely to

characteristics of the METABRI C cohort are summa

2. 1EXx2t er nal cohort

The online dataset,-EBprassi ochaniigbGneenrEeWenkr (vd. 1

(https:// bcgenex.-GEM/. GBRcaackr)piwaBpB€urded to fur

assessMRNKeex pression of all the clinicopathologic
were included in this research. This dataset con
of breast can4Be2)/i pavbrpontat({ng The Cancer -Genome
B RNA seque,ncanh@e ndoattVapesue Expressi ¢AS5BIBTEX)opPr o]
all ows the evaluation of candidate gene express
three mai n anal ytical modul es: correlation, e

correlation module enables the ebmpotanhtsenbef we

gene of interest and ot her gepreexspracsrsoesds gtehnee sd a tha
suggest functional associations. The expressior
expression | evels between sdi fsfueerhe nats pnroodganl o sstti act
receptor status, ahti5&pl ecul ar subtypes

The prognostic module provides survival analyses:s
model s aniMeKapl amrves to assess the impact of ge
endpoints, including overall survicweaeld (b@S)straubd

the cohort based on key, csiuohcagatiealempgiocal nfoe at
and molseuchutlyjaf &b |

The -KIMotterhtdapaséekmpi ot anotmher external dat aset

validation cohort to evaluate the association b
patient outcomeRNAad bobh¢¢ilB&] &hvhdlss onl i ne tool i
expression and clinical data from multiple put

Expression Omni bus ( GE@)h,enBwmeo pAaarhi GendnkeGA) , i
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https://bcgenex.ico.unicancer.fr/BC-GEM/GEM-Accueil.php?js=1
http://kmplot.com/

vering more than 5, 0[0I057hHrteaehallasms es urcwaiseasl e

rious clinical eedporahneses(tRRAR)a,s uedtdd vdailst ant m
ee surviyab7](ThMF I atform allows stratificati
riabl es, including hormone receptor status (EF
de involvement. Expression | evels are dichot
tomatedcobesdetear minati on, and r eiMel s swmwe vidva

ots, along withranankapdesatbodetanadmiag[ BFati st

1P.a3t i eprtosteex mr essi on cohorts

e protein expression of selected genes was as
nsi sn2d2®9east cancer patients. These patients
spital bet ween 1989 and 2006. Previously pre

rmal in Fi-KEmide Plaecaf fFRPE) archival ti ssues wer

ocks cbhbhoOacaieg (0.6 mm) of tissues. These TMA

oad range of Dbi[oll508qTtea |l a s waniaatkiears bet ween t he
inicopathol ogi cal parameters and different B (
tient management followed a standardised pr o

cluding the Nottingham Prognostic I ndex (NPI)

favourable prognosis (NPI score On3rda)stdi d hoat

ith an wunfavourable>réod4gnweire M nisctoerceed enc

emenopausasl i mattiheen moderate to poor prognost i ¢
emot herapy, whereas postmenopausal patients i
naged with hormonal therapy. None of The pati

aracteristics of the Nottingham cohort were su
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Tabl®A 2ssummary of the br euassetd.cancer cohorts

Parameter METABRIC C/: Nottingham

mRNA protein
n (%) n (%)
Gr ade
1 170 (9) 43@0
2 7701)( 4 7 7 @5)
3 952 )(50 10246
Tumour si ze
O 2.0 858 (44) 12485
> 2.0 1094 (56) 299@3
Lymph node
1 1035 (55) 14565
2 5228)( 2 60@7
3 3167)( 1 17®)
ER
Negative 474 (24) 5685
Positive 1506 (76) 155D0
HER?2
Negative 1733) (8 16423
Positive 2473)(1 23a90
PR
Negati ve 9408)( 4 77BH
Positive 104®) (5 109469
Triple Neg
No 16604 (8 16785
Yes 320 (16) 33d 3
NPI
GPG 68 3@ 816
MP G 11046 118050
PPG 19@0 316 3
Ki 67
Hi gh N A 846 (55)
Low 703 (45)
PAM50 subt
Luminal 7181)( 4 58837)
Lumi nal 4888)( 2 542 (34)
Basal 3299 (1 334 (21)
HER?2 2404)(1 117 (7)

NPINotti ngham Pr o@Mm®Gotoidc plrnodgenxg;s tMPeCo. de matpe prognostic
PPGPoor prognostic group
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2. 1P a4t i ecdti'nsi c al outcome and events definitio

OQut come dat a icnacnl egire osi ubrirvei avsatlwh(iBeG$SS)def i ned as t h
framagnosis to the time of death. aBDi méet@®studsi Df
frearvival (DMFS) wag¢d r ddenfaignneods iass ttoh et htei me me of

met astasi sReoumeebetser.vi val (RFS) wagd raddenfa gnneods iass t
to the time of developing |l ocal or regional recu
if one of the tblkl pathgnocovapr ¢dsitl It oalfiové owor o

of any other cause.

2.12Zmmunohi stoclhhl@ndtagwo@dy optimisati on

Thepti mi saltli otnhefpri mary antoinb ddieaas twahAd wredU dtoa
the actual achiaewne ngpaewi fi c dtaxikmgirmg ndi tihtemir f ie ma
optimi satiionwommweags i ff er entanadn tiinbcoudbya tali i adnudtiiromess
t hese vari aabflfeesc tditdh en ostD eati anii Inegd qluraflfotmati on on a

used in thBiprevudgd in Table 2. 2.

Posi ctioweérols werissaleuded anhassdal ecatnat heoudoyp | i er ' s
recommenarisiedlnecti ng s pehcitf isch otwiesds uheisgh or | ow e

targetedfpddtteman Pr ot(letitinp At/ /asww. p)( dadil @9t | as. o

2. 2l.LHC staining

|l HC staining wasnTgAr fsercrhea dNosm ushkgPol ymer Detect
(RE7XK50 Leica Biosyabhems$ edUK) ssuab @ Ciode sl Owaenri en uht eec

then allowed to cool at room t sartpieacmtwase damr ibe
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using xyltewmoe thi diems fhiwres each, followethrlee teémedr
fox minutes each, and a ffoal mitrhuteees weabsédlesa 3 inn g
Autostainer XL instrument Ahlbeigean Miedrmr o ewsatle vsaa,s |

1.0M sodium citrate buffer (PH 6), Whii trh ploomdt iJA@ 5

100pw Afterwards, slides were cooled for 5 minu
placed in a flatbed tray,waasn du sa dh yadrooupnhdo btihce btairs
to create a defined hydrophobic barrier, ensurin
cores.

Sl'ides were wals hbewf fwert h( TIrBiSs Buf f erTewle eSm | 2POde c o n
7.6) before a peroxidase bl ock was applied fo
peroxidase activity. This waTls ffoorl |5 wweidn ubtye st heraeceh
bl ock was applied for -shemidutcedbithnhgi mgpeovdret | cwe d

threeT TB®s hes for 5 minutes each.

The primary antibody for eakédi ctargeti wady ogi i mahn
Lei Bapsyst é&akgd i ncubated for the required time (
wer e washedT wihrhe ¢b Bt8iimmeust ehse feoarceh phe mpogt sol uti on
applied for 30 minutes, follow@&dfby &naoti mait es h|
Novolink polymer was then applied for 30 minute

TBS for 5 mi nutve S uahbiByB ikar ralde me sEDAB) on was

applied for 5 minutes, f ol Ifoowe d5 bnyi ntuhtreese ewaacshh.e sC
with haematoxylin was performed for 6 minutes, f
times for 2 minutes each. fdhexygpl endest werei mdenf
eacha iLrei ca AutFoisntaalilnye,r t he sl i des were mounted w

(BDH, Leica Mior asnystlems, twWK dry for 24 hours at
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2. 2Ev2al uati on of Staining

Hi ghesol uti on ,dNagiiotZeolo memagsdsi de scanner (Hamamat s
Garden Ciweyrpesd®d& )t o scan stained TMA sections at

guantitative histsochemi wat ©8sedet ¢ Hassess the pr

selected gene in in®Yasreecbusmoder sebbsh Hhe pe
i nt enstiatiyneodf tsumour cells. The intensity af stail
negative = 0, weak = 1, moder age of 2staaidn ed rtownngo

ranged from 0% t eScldroen.walshec dlicnuiallatHed by mul ti pl i
of stained cell s ibnyjgnt hetiohténsiahge beswkeen 0 andc
| ost, fhoaltdeesds otrhan 15% tumour wer e oeaikstcoulteedd. Al |
another tr ai(redAbosbtseennde Dr RU,t halPsaa ktshe scores w

without knowing the clinicopathol ogical data and
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Tab?22l nf or mah o wmn

the anti blwldstse rurs eldl a tn.

wWB | HC
Anti b Suppl Speci ProduDilutMol ectDilutlncuba Positi
code wei gh Ti me Contr
SLC7A Abcan Rabbi Ab208 1:10 4&Da 1:50 Overni Te&t*is
monoc |l 4A C
FEN1 Novus Rabbi NB100 1: 20 5&Da 1:10 1 hou Ovary
Bi olocpolyecl 321
EXO1 Therm Rabbi PAb 1:20 115 k 1:10 Overni Stomact¢
Fishe Polycl 8647 4A C
Scien
NANoAvai l;addieni ng amderseccomdiaoged by pr eDirRduasy & hbDl
Ansar.i

4 8
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2.Q8el | l i nes

American Type Culture Collection (Rockville, MD,
cel | l ines that moerrrkdlke e ddHFL O B jJuomdbnmeea st coedrcer

l' i nes-15HCC, -TMCHRIan8F47,4 atndmleg atbirea st cceancelri nes
MCFLODCI S,-MBABAS , -MB4A6 8 anedUBABATalRl.) 8. HGOO, - MCF

7, ‘ZRBAnd MBR 31 were cultured in Roswel-16#£@y k Me
medi ABB2671,5GE7 Heal thcareUT, féSS)BjFewiaex; al t ured i n
Dul beccobds Modi fied Ra&NBIH® S#igg#hda chr { OMEMABLY6.8 MDA

was cultured in DMEMIFAQOT ¥ &romidsEhPeES ) Sc(iUKn t, i fwihd | e
MD AMB4 3 6, MCF10A and MCF10DCI S wer e-Gtkutamied &and
HEPES1830032h2r Mbsher SUKent Hbwever, MCF10A and |
medi a wer e further suppl emeta®2@,21 wivi b rlbKkgperns, e S
hydr ocorHOI8s8BrigmhaK) , chol €80 5BogmhK)(, | Ris8u8 2 n (

Si gmakK) , Pemtirceiptlodmy @D &3 vitUKgenandr neapli d@&r owt h
Factor from muri ne Eslu2bsBd xgimal,aryK)gl aAldl (t he me
supplemented with 10% f ofltdrli cbho,vi k) ,s egxuare p(tSi fgan
MCF10DCI S. Al l cel l |l ines were checkebOh#egtul ar |

was performed by using the MycoAl ert Detection K

2. 3T.hifawi ng of <cell l i nes

Stocks were thawed rapidly at room temperature,
cul ture medi ambFyal wtinneg. aAfltber t hcaetn,t rti(Ftubgkeldb e wa
Si gmaGer)hany 5 mi,b0begsohut loné pperFrneisnhutneedi a was
to resuspend thwadpalnlsdter rwdi ¢lo an appropriate

i ncubated at 37AC in a humpdified environment A
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t

h

3Pa2ssaging of cell lines

ce the cells were confluence (between 75% and
d Dul beccobds Phosphat eRNBRIH& 6RilggdnaS a.liif de K§(cD B )e
s used to wasaft®em2ebf292wpBitdhimd Li f &SBience
s added to encourage detachment, t Hemmmicmaltless we

37AC. Thereafter, cells were checked wunder t

l' y dteheam hmeutrali sed by adee wgsfereemtmeédiuvagedt
nut ess0O@tr dm. Depending on the cell line, the pe¢
diium an appropramd et parmpfoenrnod into a new fl as|
e dat e, ntahme caenldl tlhiengpassage number. The fl ask

vironment ani t3h7 A% CO

3Cr3yopreservation of cell 1lines

l'l's were trypsinised and the pellet was resu
mposed of 10% Di met BWBKZ2 @i Bgokdi ddréd kehD, B @) 90 % c el
ne growth media. Thereafter, the cell suspensi
en was s8t@Q edezaraovernight and moved-teoma | igq

storage.
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2. 3Cedl | |l ysat e

After the cell suspension was obtadlokedtrypancill
(T8154 gmd drUk)h,and mi xichogf ictelwi tshus2plbensi on, f ol |
the mixture was injected into the groove between
viable cells were counted under the microscope,
sqguares was céal owalsatmaud tiwhied by 10,000 and the
dilution factor for trypan blue (x2), which wil
obtaining the number of cells pethmé¢l | tdhespend ied
wasentrifuged for 5@thbKuLUt eSi gma.l 5Tea maanlyl et was
on i ce, and resuspended in an appropriate amoun
per ml 1 ml of RI PA |l ysis buffer was &a%%®dl) , t h
Thermfosher SUWKH)entpHasphat as eAlidrhiichh,t oWK)( Sa gdnami n
i nhibitor cocktail complete (04693124001, Roche,
for 15 minutes, and the tube was gently invertec
t ubescwart r i(1fluSgke, dn&,i gGe dpata W30 rpm for 20 minutes a

the supernatant was cdDACGecteegdramctstonreduiimea.
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Tab23®. | nvesafiigfatt e oent

breast cancer cell

Cedlines Receptor Subtype Referen:

BF474 ER+, PR+ Lumi-Bal [ 159]
HER2 +

HCE 500 ER+, PR+ Lumi-Aal [ 159]
HE R-2

MC F7 ER+, PR+ Lumi-Aal [ 160]
HE R-2

MCF10 A ER, Pard Nor mailk e [ 159]
HE R-2

MCFLODCI ! ER, PaRnd Tri-Négat.i [ 159]
HE R-2

MDAMB-2 31 ER, PaRnd Tri-Négat i [ 159]
HE R-2

MD AMB-4 3 6 ER, PaRnd Tri-Négat i [ 159]
HE R-2

MD AMB-4 6 8 ER, PaRnd Tri-Neégat.i [ 159]
HE R-2

ZR751 ER+, -aPnRd Lumi-Bal [ 159]
HE R-2
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2. 3Pr50tein quantification

Pierce BCA Pr o233 d,2ZihAsmiayh &Kri tSWK)enwasf ics,ed to per f

protein quanti fication for |l ysat e of di fferent
manufacturerés procedur e. First, the cell | ysat e
addi nggofl6di st il letaddf wtatercedlol edbysatbe, mi kewa8 adde
pl atasduplicate. Next, the BCA working reagent

with BSA reagent B inb50AelBol Fowahbypr oggomtdr &nc
BSA workimngwasageéended in duphtictatwhatocsska@acrdweélnl a
37AC incubator for 30 minutes. Infinite F50 (Te

absorbance at 570nm.

2. Western blotting (WB)

WB was usedand wvdtthdiané pepofepsesecohi cprtoatiegienrde d f er e n |
breast cans.erWBcewads lapnpel i ed on a mixtureebf cel

|l ysates of dif fkRCEnMKO BC-I1HAFEI -NMTHhEIsS ,-7 ,M&ZAR1L ,

BT47 MDAVB4 36, -WMB2A3 a4n MDAVIB46 8.

2. 4Salmpl e preparation and gel electrophoresi:

Samples of applvokumet ekye21prxd mlagrf &dNUPYWGE L DS Samp
Buffer (4x)Telchanwd pgRieBAGE Reduci ngNRPAQEND véxdOox) |
LiTechno) ogndsarebound yls3at e-2 feg)o.t eVar t(elXd was wused t
samples wel |, after that they were placed in the

wer e kept on i ce -1l 2Ph eBresasf t RIr INWWB®4 &t 6,BI@ X e X Life
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TechnolWK)i egs placed on electrophoresis running
MOPS running buffer, whichmlwa2sO0 xp rMQ@PaS eSID Sb yr uandndiin
(BOOO1INRvex Life Tweke)hnniontoog i®&Boni sed wat estaf Foll o
PageRul erTM Pl us Rraadd2®iéd®de rPmoo t S d indakintdi £Rd0dE

samples were | oaded imonantl @hver gél holhe gel was

2. 4T.rzansfer of proteins and staining

Proteins were transferred to Pol yROiDnAyll3iBtBeBrecek d i f |
Millipore, Il r el add)r ainms ftehre Bpurf eflseler o, it ®ai nod§) ew aesc tpreor f o
10or 90 mibhxXitrassfEBme Buffer wasmpr @par dd albmg f mir x i
BTOOOB6VeEXx Life TechnolnolgiMest,halhko)l dweiBtdhd i 1s0eOd wat er
ml aonxtiidahT1l1MNoevrex Life TKhnofagired,hat, a bl ocki
to block for 1 hour at room temper aMaurrveg ll kvhi ch
(Premier I nternati onal Foods, UKB)9 8t8aDS PHUWS)p hat e
contnagi nOi. 1 %-2Dwg &S ilgdiai ¢ h, UK) . Then the membrane
bl ocking buffer, and it wa s i ncubated with the
overnight. The primary antibody was prepared at
(Tabke2 The | oadi-lrgc tchdtgeliogAddtUK)h,was included
experiments at the following dilution 1:5000. O
out of the cold roomwaamd2 a3 hteidmedge dPaBS, 1t0h em ntul
membr ane was incubated with-rbBDyée 800o0I1C&s cdeomtk e
anti boeBy2 2(1982®R Bi osciences) and | Ridbye e6 §d uRD edsocre
secondary a#®tBi0HE&IO/R (Bl 206s ci ences) ,utatont @feol5o@ 0 e wi r

hour at the room temperatur e.
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2. 4De3t ecti on Met hod

After the incubation with secondaviyPBaShwe dmdQ t h
3 times for 10 minutes each. For fluorescent det
Odyssey Fc with | Q®&ReBSbsgsdiended) (LAt the follo

700 and 800nm.

2. MWedst ern blotting using Enhanced Chemil umi |

Theembr ane was i ncubat eadn-tvaibtbh ts g c7adOnfddasr,y Clel | Si g
anmouse (7076S, Cell Signalling, UK) monocl onal
at a concentration of 1:500wi tfhorr, old khimmgmba ta nreo o m
was washed 3 times with wash buffeB45®0, 1Dh ari ma
Scienti fwias, pUeAhAared by mixing 1 mlThree avgesrht bA f Wwiet
was discarded, and the membrane was placed on pl
was gently pipetted on the membrane making sure
mi nutéhdcank at room temperature. Protein bands we

usi n@dgne selyiCoBisoci enc¥sS. A) .

2. Bransient knockdown

FEN1(s5104, 439082H ,s helrherSmd ke r(tAinftiis,ense sequenc
UUCUCCAUCAUGCGA3&®BUSIL C7AB515653, 43924 F0sheTherm
Scientifli(AntéebS®Bequens BUGGBGAUCUAGAUUGBSE GAxd |

inter REASINBNAds i gonucl eoti des, and FE&{sWHAIOI3dati o

4390824, TRhies mer SciUnt ( Antj sense sequence:
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AAAGGREUCUUGAUGWRBBHALIC7 ASS1 5655, 439240 herMh8cment i
UK (BRICABSCUBGGCUUUCUY&Ww asdrambl ed negative si RI
(43908B14ex Mo siBei enU. €Corstructs werce diutuecadei watteé
make a stock eMol Ut aaos seNEMWla@GB® pefr f or med by using L
3000 reagentTh(eLr3ndo0 QROILLBh)erand acmandfagpuoee bel .

Cells were seeded-708 T2hflilueasky amnd6 deshc whhattehd o
stock si RNA solutiom weEpEMdi édteddi seQumbSmedi um
Therfhe hel K amnld &f0 Li pofectami md vapEMIi dmut® dmii mutO
The diluted si RNA and Lipofectamine were mixed
incubated at room t empelmas er avafs dre dlEBMarmiin @ip 53 .

of master mix solution wase addethat Edadslerai gt c
5% GOncubBhe®ext daMEM Opas di scar ded ansdperceipfliacc e c

media. The efficiency of dhebstarnadn s7f eucstiinogn WiBa.s ¢ h

2. Gel | Titre 96 Aqueous One Solution Cell Pro

The efFENANn odk dlkbQvann L C7 KbBon <cel | proliferation we
The Cell Titer 96E aqueous One PHBBUytci adn med @8yént2
carboxymet hoxX4 pheinfydphenyl ) 2H tetasasayl iwam, ciamme
out ( GBr5BMelgka , One day after the cell transfectd.i
were seeded i n -wellpl paddaetnes i a,fiyhO0odc €26l .a nldrel awe & |

was incubAGead %mtGiOBEubat or . Elh eMTeSa fatsesmagyd @ ®d t o

each wehbuhmat7248 96poamdanlsX@hdt i onubated for t wc
3AC a5% GiOncubMmtmircropacder (TECAN Infinite F50) w

the absorbance at 490nm.
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2.Cel | count

Control and transfecalealet el pbf awer @dnesrdsaidté9uOctafh e a't
cells per well. Cle | 1254 hw e r4e8 hc caunndt -e7d2aha, ¢ f3® cd d yosn . p A
indicated day, medida cwd$ sr evmo wedvashed with PBS

andere coundcet |l us@@®@t-Frer De No)vlihxex pe SAment was perf

in duplicate, three times independently.
2. WWound healing assay
To assess the migration abilitay cafll mtshee tcson2t rwoell |a

811, 7Téhi stl e ScientifidnLtgd)p, walsi awifs elda & ca ob Wdii Intg t
protocol . Cells wereOBG@ededeathdeindest gobf DF#EMI at

(10% FBS) and ihnocuabsaAByddf 5% CO

On t he ntehyel agay,c septum that separates the two s
usi naiar of ,twhézhrcrehbhbska pDhbédha proaasndt.hen
washed twl crelf wi oWw serum meidti%u nEB(SDMEM herf 2 he | o0
serum medium was added to the inserts. The wound
times via light microscopy (Lecia DMI 3000B, Lei
points,-7fiome VMEF)h24h48d T72h,-MB436 NMDIAJ6 hadd

T15h, f-MIB2 MD:A, Thl12h2asad THBE& Ml cul ate the percent a
cl oslumaege J wvefrtswamewlas5@sg tndifer eels@he@cti on tool , t
of t he tweufrteel ) wgaasp manual |y out liimiedélasndemelasuir me
point, tahree awowansd a rettloerd etdhe pér wennhdgel osure was

using the following formula:
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L SR T 604 0 QHREED OB G 6 0 YD
0 QHRGa0Q OHQ p T

This calculation wadolrogpaeatled efpdri camaeh and t he |

2.T9r answeVéasi on assay

Cel |l i nvasi on wakata<€ geadBoehyddeimaimb@ 626 3 8, Greiner
One, Ge)rtnmaenyi nserts Wwepl ptase@d1b0628, Ther mo Fi
The | ow grexwthadnedctit(bild 1-BB, GCkibsler Ppwd e ndiilfutced i
i ceold dermnemdi a t o 0. 5m0@f miof Thémted ECM was USE
inserts. The plate was thAG npl5a&d ed itwot the uirrsc u o
Matrigel soltihkkemmbcaneonCobntool and transfected c
cells were centrifuged and suspendesd (@d¢el owdsresiu
media (DMEM+1%WRBVWE)hyadnrdo(AyY824h8. 03 Hydroxyur ea, 9.
Scientific XhemnhdabeSf) DMEM (10% FBS) was added t
chamhbhearr eate chemotactic gradient. CeAthadwbpoe i n
CcQ.

Af ter 2cdothtoanmfshaurd)sieifdel used to wipe the upper par

then the inserts were washed 3 times with PBS.
containdlng@f58% paraformal dehyde and incubated at
Thereafter, the inserts were washed 3 times wit

500ulDA®16 2248, TFh esrhmaa Sci)énlt 1lf0i®@&@,) 1BLK mi nutes at
temperatur e. The inserts were washed 3 times wi
membrane wa&sl begmoswal pel amd cpbaxleigdceda 800 AMNZ ,

Epredi af adJiSmkdo veepr sl i ps (12323138, Borosilicate G
Scienti,fiandlUgkheonf mou@O6HE6B8,-Mbmml rsdseirent i fic
UKwas added, and coverslips were placed on the

mi croscope (Lecia DMI 30008B, Leica microsfyst ems
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di fferewtfi emdsmsmboagrmeb@éaalmbefr DAtPA innuecd e i was coun

usilnmpmagedld sohéewat ke averiamgwa dleudnbeal losdh waeidvi di ng

the totali mwantbeednowedhkesnumber of i mages taken.
2. Cel | Cycl e
Cel |l s wer e as-welphb 1600 cell s per wel |, t hen on

transftelcay omer e h & mpwposw(ndds Kaln,d Si gmaf o e Bhmd reys) at

1500pm t he supernatant was removwidPB&.ndCdlhles pwéed

fixed for two hours in 70% ethanol. After fixati
et hanol , and then washed t wiert rwiafthglePdBS, RBRMt € O
mi nutTédhs.el | s wer e i ncubated on ice for 15 mi nut

solution wawhipcrhe pcaoretdai ns t he Trolk-dawiXbd/:mlO0.PLI% (
( P4 81604ml , Si gmagdg,/ man dINh&& RNase -A0ml2200LA4¢Btrogel
PBSTLhe mgellllet was suslperfded isht a2 ng solution, a
at room temperature f avert8h0e nmitnrua nessf.le o Sveendpyltemsme t e
(CytoFl ex S Flow Cytomet eqror Baencaklinyasni sCouKatleurz,a W

software (Beckman Coulter) was wused (Figure 2.1)
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[A] FSC-A / FSC-H [B] Cell Cycle Analysis
1000
z Algorithm : Michael H. Fox G1 D S D G2 D
= 8004 ‘ %Diploid : 97.32
%G1: 64.95 at 161.91
%S: 1022
< T 9 %G2: 24,82 at 311.08
9 Q %CV:1344
2 e 400 G2/G1:1.92
All Events : 9980
200
T S ! T
200 400 600 800 1000 500 600 700 800 900 1000
Pt PI Y610-A
FSC-A
[B] PI Y610-A
2004
L 150
€ G1
S S/ =
100 G2
504
ol
5 10
(x 10%)
Pl Y610-A

FigurElawlCytometry Analysis dforCeaviCIE ey clda thibsiadrt)g i but i
Kaluza SdfAtywd&re ward and Si-AeSHGat tThre RPliotst(B$SE@p in d
involved selecting the main cell popul ation -Awvhil e ex
was plotted against t#He,siadd ac giddweans gadmraagvin©CB8IC i ncl ud
intactceivBrbDe@ubl et Di s Ar/iFQn:atTi oo ne n(sEldrCd sainmdlyesi s, f o
scatter he#l) ghwtas( P3©@tted agai nst -A)or whAar g atsiBtagatse e g iag re :

applied to eliminate cell aggregeael éseventdandlbesdurté
() Cel | Cycle Distribution Analysi s: DNA content was
Y 6 1A) to determine the percentage of cells in each p

algorithm was applied to fetphheedat@ahandisatchbhutat en:
of cells in Gl phase, 10.22% in S phase, and 24.82%
coefcfient of variation (CV)quaafl i 1 8. 44a%.,a Dcaocnfidiisstmatgirgoanth

Representation of Cell Cycle Phases: The final histo
di stinct pelbkseswrlrafde) , and G2 (gr eexn)s phegsreess,e nwii tnh
fluorescence iMAYemmnidayihePlyepdpbdadenting the cell count.
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2. Aboptosi s

Cell s wer ea sfeddeadead @nts i t y0 00f cleOlOl s per wel | to b
apoptosBsogBDEAISEEAUK) . On theod4trBnbf @dateildns wer e
harvested and centrifuged (A6 KL500Sigma, f drmhe Ha my
supernatant was removed, andi coollIPdBS . welP el |was hwa
resuspendeld AmnelxiOn V ,wWhndhngsbpféplhrmiid biyndi xg n
buffe® mftpureclwasfereadh Anwaeandded aondtRE sampl e
that, samples were inthbhdodartk dati orodrm tme mpdreast urme.
then topped cupofvi the3Bbnexi Bavhp wesg cki nrgufnb winf er .
cytometer (CytoFlex S Flow C¥bomaeanat ysBeckmKahuCa

2.1 software (Beckm@hi gouet2r2) was used
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[Ungated] FSC-A / SSC-A [A] FSC-A / FSC-H (8]
£ 1000 g 1000 s Annexin-V FITC B525-A / Pl Y610-A
% = i =
800+ 300

105+
600+

SSC-A
FSC-H

4001

o
200 e -
ﬁ‘*‘f' °

PIY610-A
2

10 PR SR Vi P PR
e Annexin-V FITC B525-A
Gate %Gated
Al 100.00
C-  95.19
C+ 3.4
C+- 1.24
C++ 0.33

Figure 2.2. Gating strategy and aelolpsd owd isaFgh FAemenxdien tV
Propidium I odide @hla) ywyeafl| cw adc nti omget ry with Kaluza A
(Beckman CoA)l tkeanward and Si dAd S&Ga:t t Elre Pil moitt i(aFISCgat i
involved selecting the main population of viable cel
fAbwas drawn to isolate intact cell ssApbaaed ®hdéehecat fe
(SSK)(.B) Doubl et Di sEIrk G naflTioomr nEcbeBl@ sainnagllyesi s, forwa
hei ghtH) FB&s pl otted against -Affjor vAa rgda t Bovag dresagpimdrmeead (tFd
el iminate doubl et s and aggregates . ana&linyfausrd ngp oopntloys i s
guanti f(iG)atApopt osi s Assessment via Annexin V/PI St ai
V-FI TC ((AB525nd Propidiunf)l odi dée ffRIreviél1@&te between via
|l ate apoptotic/necrotic popul ati oapp!l iGeveBoguadr alndg f tg
guadrant): Viable cells, n€g4dBiorv e ofmodri fgantth:gABaeky na Yo
cell s, Arorsextiinvne¥ goautti+vPd . To@® | eft quadr grots)i:t i Neec rbautti A nmae

V-negative. C++ (Top right quadrant): Late apoptotic/r
The percentage of cells in each quadrant was-)cal cul a
1.24% necrotti)g @aldl sO. BC@% | ate apoptotic/necrotic cel
response-7oteMCBFE under experimental conditions
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2. C21 | Mito Stress assay

Reali me oxygen consumption rates (OCR) and extr
measurements were determined wusing the Seahor s
(Seahorse Bioscience, MA , USA) , and the SBahorse

100, Algeiclhennct) ogi es

Cells were plated in XF96 cell culture mifcropl at
and MBAM36), cells thAG abfc Gidat eatwor 3dverni ght t
cells to adhere and reach the desired confluenc
replaced wit IIDMEMe meaad hiorbirdoaitg hwRig o 170130608, | e nt

Technol)agdeppl emented with 10106m0M gAlpiclbmmt ¢ §D8S5Y 4
I1mM pyruvatled ,1 0OA3gsic/iBea ot o ginmM )g lantda i nRle0 O(,1 0A3g5i 719 n t
Technologies). Then the cell s A@enr ea-G@ocrudwalt eetdo rf.or
Bef darhee assay day, the XF sensoSeahaoXBreicdhhde bwast
(102406, ADeckrmo) ogina@s i ncubhkotugast3 ACirn 2a&-C@on

i ncubBheart rwiacsg etl hoeand e ds ewgiutehnt i a | i aM eOlt i gomy wifn |,

2.0 FCCP aagvd Rbt®none/antimycin A into the desig

Af ttemate, Ptiher ce BCA Pr owwtaesi nusAggls afyerikKn t quanti fi ca
nor mal iTscatamanlh@€AR and ECA®R |IGemthor se2 . Vavseof t war e
(Agilent TechnologiTkeéir SAPt ewpsi sssed upload the
fi.l Bef ereedpmg with the datrmaVipadi osmméevdheiho accol
vari ani erel lornumrbetrei n wasntdcemnrnte Viihd st he selection
optaod appl ygiomgection factoassphnotcdi nwasadlethest BEA
nor mali sat wadpemgt bbdproteTmhe croeixtenstep was to g

appropriatehgrcehphwsasi gatmien ¢ yt osadvchtei dirGr agpprhnd s el ect
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ECARenergy mdmspl otriesm, rATP production, max i mal
respicapaonty andOmceottome Wwama&lcyosmfsikhe b vd dvaetr &

expor tGegdpthdad Prifsor sfeditrtawdasdail cyasli s .

2. L3 mmunopreciamidt antaisen spectrometry

To investigate anyFENiItndBLLTIAD mmbheobowe e iCEhDiPt)at i on
was used.-lPidygtsji sCOuffer mix waBr @tregpag @dn h iwdhii tcc
cocktiI3isoL , Si ggmahenyd met hyl sulP M8R(Y 08 I 71 Plra dle,

Sigma)anWK dithi ot(ho@32 01 Sij.doma,) UK

Samplleyss,at&nt FlENAdY SOC7aAmdmubhobpul | gG2@® 187 7 2, EMD
MillipowereU@AI prweep aptie ddhvgaStf or each condition.

incubated with the captdhA®dd &ppebdoyfFéopr ,3héoeal
PureProteomeMal@gmet ¢ iSry BA(B BIK MAGASLIOg nK) we rveor t ex ed

and ebOwas aamengpttyoclmdamilc.rsocentrifuge tube for
the tubes were engaged on the magnetic stand for
wi tatpi pette and discarded. The beads were disen:
washed mwli twadh PBoSH+0erl % )Tween 30minutes, then t
engaged again on the magnetic stanfhissaagd whse s
repeated 3 tiwmerse widnsenebde a3d g i me s, tvhiitsh tliymsei & obru f5f @
each ti meweBanmprhemsf drerte@dbdeao and incubaAé&d for 2
an Eppermddrefr. The beads were reengaged on the m:
removed fr pars tthhee tpurboeti esi ma davoancphleedx t o t he beads. T
were washed 3 ¢li meyssiwsi thhu f5f0eOr f Dihreddl Ineirn u tBeesa desa cw
washed agamln wasthh bluf fer 3 ti metshrdodrl e%l. miadidh e s

buffer was added e¢m ftthan D faddmsEghpaenmd abhé The -beads
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buffer mix t heyamaegrnee teincrashteddhdo nsuper natBlnutt iwoans r «
buffer was prepagred gy ymimddeimati drh,2 210Meh &buti on b
was added per sanmpflteehrta thEppendaesafdisncubated on a |
with the shaker fAC Tibe rnei afytpers) dvachfee® gaged on t
magneti,@angdt dmée supernatant was separated from tfF
EppendoTthe swaemrpd etshwetnr al i s @d#7 tboy raedaddihnmerl. Sampl e

neutralisathiaem kohftai ns I ooff. Waidsaed ivdh sb@@@ e d

to the samptlhesampndkest wea-&@ & apete zien .

Samples were then preparedr btardya misreind g et oC emmat srse
Protepmfoguid chromadegr anplsy s p elc EMSH MRt ly ofuns
sample was |l oaded into the gel, -8 hminnuthes s atmpéd els

were then excised amd tubesf tkballdcpounrteaiwiatber .
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2. B4atistical Anal ysi s

The statistical analysis was performed by wusing
Chicago, .ALGhqWwSA)e tceosntduwasd to examimet weheen as s
categorical variabl ewitch hol aodpaghaecloogied alti pasam
bi ol ogical.PRiaom®nokbees ati on coefficimral atwaosn suhs ed
bet ween t wo noo mtidmnad edkeatpstivaeni e r  saunravli gsatl rga n k

tests were performed thetaveeeas bitolmar&kes cc iaantdi acn i
Addi ti onuadltli w@o kraetger e sasniaolny si s was conducted t o

i ndepemdegnosti c ssipgenchiifdoowan&er gf

GraphPad Prism software version 10.0 (GraphPad P
for statisthnculdabal weirse.represented in mean N ¢
( SEMxperi ments were done in threwayndepepdént
variance (ANOVA) with Dunnett' $wamauyt  ADR¥YAlt ompal
G2dg8k's multiple comparisonsitgmstdiifcéameensed bet d

control and t heAPevtahl eure cod n &iOt.i0dbn gwnaisf .iccoannsti der ed s
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Chapt €he 3pr ogsniogsnthnteifscLaC7 ABNF®i gh
expression in breast canceée
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3. 1lntroducti on

Met abolic reprogramming is considered a hall mar
factor s, such as, ntuhter iocernitg ianv anidlt athiixsl siatdyh ea-mield fc ed i d
interactions within t hel 16dMmbar mendtcr b e vihrigrhmede
proliferation, cancer cell s must alter their me t
by many oncogenic alterations which [ 9] Tureinsce t
results in the rapid generation of adenosine tr
macromol ecule biosynthesis via the excessive pr

the redox homadestraesise the effect of cellllbl2dr r e e

Altered glutamine metabolism is an examgllgd of me
Many <cancer <cell types can become addicted to
withdwt9]Gtutami ne metabolism is important for tI
nucl eotides. Solute carrier family 7 member 5 (.

transporters, where its over exp[réeSs]sSiLcCiv Ai5s faeaen ii

asanamino acid exchanger where it transports the
|l arge neutr al amino acids, such as tigiypwoplkan.asf
ammi aosdpplier for cancer cells. Also, |[6,9mai nt &

which i s a keymarnemgadliatnort aofgettheof mif @R&€Mhy si gnabmpl
pat hway, which plays an important role in the bi

prol i flelr5a4dt]i o n

Il ncreasing the availability of nucleotides for
essenti al for cancer <cell s, afleS¢dgwvesmudlt DNA thhep

mechani shms aa@atni vated to encountéudibBg rhamgdedcalls.
base excision repair (BER), mismatch repatr ( MMR

strand breaks; homol ogous -hemolimdbdg mwags i end ( HR) niam
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[ 12Hdwever , ctohmnemomdsgtd pat hway to encounter high o
cell s [ils28B]ElRere are at | east 30 prot-eamscshthapair
or lpoantgc h [ BARB]One of the importangatecnhz yBneR ius ef|
strucstperce fi ¢ endboN ealdedd e on t o t hi s, FEN1 pl ays
replication by helping Okazaki fragment mat ur at

apopt[olshilslThe over exprmneRNAsen wefl | FEN1 i ts protein i

poor survival outcome and 5ddlghree shsiigvhe ebxrperaessts i coann
protein |l eads to genomic instabililtOM] which is o
There is no confirmed connection between cancer
however, it was suggested that there are three

met abolism to DNA damagd léom@dleracpaivie mxylgami smpecCi
regul ated via different metabolic pat hwahyisch henc
is activated because of t@Qhr comxaitdiant i rveemoDdNeA | d annmga g
regul ati candfmacleyiphor whiagplpen via different met a
hence influencing tshe aandc bra@keorrpadadrbab&| ity of
pool is affected by metabolic pathways that prov
nutrients, which idepanbovolheotsiythda heasnd tolier eby ir

repair fdf@B8dnse

Al t hopugelvi ous &t adhieass adg Madhesluthame i ndepegnde

examined t B¢ C@RABEBENLof br eadt70c gnddir¢g | mplicgh of t |
expression has nont tbheiesn delixapplteoérme di.s thoy aawalewsat it rhg
the combined &x@TABREEOdNANODreast cancer wand its

clinical out comes.
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3. 1Hylpot hesi s

Théi ek pr essbiootBhL ©T A5/ FENhssociated with specific
features and mol ecul ar baipoomeernk e rasl, panmnd niotsts er vmna

can@art i.ent s

3. 1Ai2ms

1. Tonvesti gnRtiNea,ndatpr ot gihne lceoweles gah i @emprodssi on o
SLC7MAM FEFENWI th clinicopathol ogical par ameter
bi omarnkedsarge breast cancer cohort

2. Todetertmhiemeprognost ihe exalr ees sIFACAVt Ahd/ IFENAr east

cancer .
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3.Met hods

3. 25LIC7TABEFENdenomic and transcriptomic analy

METABRI C dataset (n=1,980) was usedStac748®der mi n
FENfurther described 2i.nn.Qhapter 2, Secti on

To validat, hteh8rreasul tEsspcessGene McCaarEXx M5ndr (bs. 1
online databfasrt wars deedri bed in Chapter 2, Sect
The expressbba78&bEENSBerod categorised into high a

on their respective median values.

3. 2512C7A5/ pEbILei n expression in breast cancel

The expr eSsLsCi7oarh BoEfNpr ot wa®val uated in a cohort of
patients, respectivelsyt.agEhe ppatmaernyt opwirtatb | ear Inw
presented to Nottingham City Hospital, UK, bet we
parameters and ®biabegtccatedawkelBLCAAS ERBRBNIRISBI 0N
the cohort were investigat ecda.neHue odivwiadi vdhdt g BiCriscS
di stmentasf asies vi val (rDeMFRUS Hf ecasnede v i v al (RFS) . Pat i
was censaoyedfithe folthewpagi eand¢umwams,dI|roesmaitmed odll
or died from causes unrelated to breast cancer.
cohort are det aSelcetd.o2m Chapter 2

The |1 HC staining andreeacuvabedni prdeéesasésin Chay
| HC staining was conducitnevda oinv el MAr saestt i oamscer pa
Novolink polymer detection system. The sections
SLC7AMti body at a dilution of 1: 200 (EPR17573,
temper at uFENedrt iwdiadchy at a dil-82LpnNovud: BRODOI 68Ba
evaluation of memisLLr7AbBs Nwuai eianFgENd@isn ipeg f of me d

usi ng -stchoer eH met hod. The staining and Sddcr7iArbg of

71



was performed by Dr Robk&ayawBk Aptmpwedi dtsiomheot up

survival -tudsmengpsX// medicine.vale.edul/;l abYalienm/ r

Uni verfths idhyQ7AS pressi on-oBAEL7Ramepr es9sl)3onFor t he DNA
repair , pEM#Expmessi on was c atexgaoreigssd=)%ai nndt ol ohw g h
expregsdHhased hmedi anc ar e ,whail alte was 0. Bl ind dou
was performed by a pathologi st to evaluate the
showed a good reliability betwéen the observers
The speckEN&nttiyboodfy was tested by using Western
which was performed usiT-A§g4 whbCE€1-7Y9 8 ,a t-MB2A3flr,om B

MCF7/, MCFA and MCF10DCI S.

3. 25t3atistical analysis

Statistical anal ysis was perfor med using SPSS
Chicago, I L, USA)c orTroe lbeext aveierme StLhCe7 A5 P eaanrds omBN 1
correlation coeFbihet eastsovt hBLEBAS /eFxEpNle ws it din

clinicopathol ogical parameters and hosgquoaraéd rec
t eskia.p FMeenn end -rlaomgk wWeswksed to evaluate the <clini
mul ti vaaxi atregression analysis was performed to

f act or sv.alTuhee oFf <0.05 was considered statistical
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https://medicine.yale.edu/lab/rimm/research/software.aspx

3.Besults

3. 3FREINAXxpression in breast cancer

The correl atSicdi Ab&@ENMAanNnMBEABRI C dataset showed e
positive correl atli?2(fmi G1AP. 5T h e Pd@ed mBEoENMIShea s v

used f or whalcihd ssghiogarendi | ar (Fd @rérEl.at i on

Western blot waBENgrdt ¢cionvexpdase®i on in dg, fferen

FENHAands wer e o0 b4s7edr,v a0 n7 SBIR -MB2A3 1, -MCFMCA 10

and MGEFCIOS cel | |l ines at 338r.ound 50 kDa (Figure
The expr €€§dioot ein was observed in the nucl eus a
cancer 3FAi qaqurde B) . Within TMA corEENdarhge ds tfarionm n

hi §m=5)3 o ( ow4.89)

Pearson's pairwise correlation plot for all patients
FEN1T versus SLCTAS

SLCTAS
SLC7A5

TR T
5
REA .
2 | v Ny v 7 Correlation
S . coefficient=0.50,
ad ‘ P<0.0001
7 8 ] 10 " 12 13 T T T
2 1] 2 4 6
FEN1 FEN1

FigBlesLC7mMRNAOrrel atkFEMORNA h METABRI C andaGamrseMisner
(AScatter plot showing the positivemRNA reXprtd somi dretiwe

METABRI C @abasetation cOeODNOAiB)ncSsiomiéllaart Pen bbserved
GenEXMi neat awsbe.tl (correl &ti BnOcoedt)cient=0.5
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BT HCC ZR MDA- MCF7 MCF MCF-
474 1500 751 wmB 221 10A 10/DCIS

130 kDa

100 kDa

70 kDa

55 kDa

FEN1 50kDa .
B-actin 42kDa

35 kDa

25 kDa

15 kD

FEN1 1:2000
B -actin 1:5000

g BR.&EENAr ot ei n ex mrog sraile asntdn b rceaancter cesi Wgshesn
MNesterwadl per f or angskeNsls plecxtpe|e15550| R@Daf oss d& paralsto
ncer cienlcll Bdringdsu mi n,a | H-GBS O(OL u mi n a &Z BAL) u mi 7, a | M-DBB

t r inpelgea), i WL BDC( Sr-npd @tainvde )t he-l nae mamaynmepi t hel i al ce
FLOAEN1 was detaermctamtNidsianmgli: 2dd@c ((idn2 khRad) used as a
dingamdbnwaoldet ect-b-dc tamitn ¢ oadry g nlt:i500WEr.e Priod wed Ini vaa
INRDgenj ugete®d dar y atnttihe dficelsl owila §0006hmadedatsbng
COROdyssey .s WsEtNelm i sg rsehamfira d thisn shown in red.
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<
TN

Fi gB3d&ENArotein expression in invasive breastA)ancer
Repr esenitnaatgieves howiEnNgbr ot ei n expr ed<EiNpmr,otEeBn HKixghessi
i mmunohi st ovalse mies tf royr rmekdb iuts i ppagl ycl onal pFEMNArdyi launtteidb o «
at 1:10a0 howmictuthbat @ Bosi ti ve i mmunor eactniucilteyw si sa nde t
cytoplasm of the invaagwiefibccagado®h xamh.cer cell s
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3.3L2C7A5/ BENDci ation with <clinicopathol ogic

cancer

To explore the opSlo@méotd ENAIveahk pre sasgbioomRNANd
protein levels in breast carmsugroouhpisigeh cSadvarspbwer e
FEN1 exp(SeCs7TiAdon DEhNIgth SLC7 A5/ | ow (BSENT A& @ ENIsi on
|l ow SLC7A5/ high EGERY-AR&NJdarHdseswoB8LC7A5/ 1 ow FEN1 ex
(SLC7-AEENLI the METABRNMAat gslegr osiipz eweSleC7 A5+FEN1+

( N6=9)2SLC7 A5 +F(EMA)FSLC7-RENL(+n2=9)7an S L C7-KENI n 6 &
SimilarNgtti mpgtobhaxipm esohontthe gr ou@BLLI7TASS FVENrler:

(nm=),SLC7AS5+HER)LSLC7-RENLYM8=JanB8L C7-KR&ENI n2=7)1

Thei gkpresdocih C/fABEEN1 mRAA significantly associ
tumour size, higher tumour grade, positive | ymph
index TaPB® all P<9L O7IAS +FENDgrprugpt ein expressio
consi stmRNAwaktZwsi s for siTzaebhd2ePx&®dO1lagndbuNPhot | ym

stage 3ZIRDH0O)e5

3. 3SL3C7A5/ REWIKpressi on association with brea

TheubgrSoup/ AS+FENl1wamRe#Asoci ated with negative EF
HERBositumeulrasbBE al | P<0. 01) .S LDCe7sA®BI +tFeE Ntl hwi ass)R N A
associated wi t hT a®D N34, t Pu<n®o. ulr1s) . ( Further mor e, i
SLC7A5+FENl1#nmRNArinsic (PAMPO) maonbl ymesa@5haBwe ¢l
and basal TabbikeppesOol).
Theaubgrd3W®7AS5+FENGteexipnr e sshioovved simi Tabl.Z&@Blul ts
P<0.01), except for She€7 AER2WENR A 39S 0 C IWdE®RR2E Wi t h
posilirieveest TcaabB@dr< 0(. 05 )SL CA7l AsbSo+ FIENdL teexipm e s o we d

high expression of t heTapbr3@&lPi<fOe 0dt)iion mar ker Ki 67
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Tab3lecl inicopathological and mol ec BILa&r7 Abi/ FrENrlk evRN Aa s
expression in breast cancer
Parame SLC7A5/ FEN1 mR
SLC7A5 SLC7A5 SLC7A5+ SLC7AS5 Pvalu
FENI1 FEN1+ FENI1 FENI1+
n (%) n (%) n (%) n (%)
Tumour si ze 0.000
< 2.0c 345 (¢ 123 (: 129 (15 261 (:
O 2.0c 333 (: 1807 (: 1716) (1 4108) (:
Grade 2. 6P
1 1296) (7 14 (8 159 ( 12 (7
2 3668 (<« 149 (: 1287) (1 1277 (.
3 1486) (1 1314 (: 146 (15 5275 (!
LymmMNod& age 0.000
1 407 (% 1656)(: 147 (14 3161 (:
2 1901 (¢ 925(1 102 (16 138 (:
3 83 (2 49 6)( 1 58 (18) 126 (:
NPI 271 10
GPG 362 (¢ 113 (: 99 (15) 103 (:
MP G 275 (: 157 (: 178 (16 483 (-
PPG 27 (1. 27 (1 39 (20) 106 (!
ER 3.97P%
Positi 6423 (¢ 2982P( 228 (15 341 (:
Negat.i 419 ( 1 23) ( 79 7( 1 342 (-
PR 2. 5P8
Positi 493 (¢ 2009 (: 1434 (1 2029 (
Negati 190 (2 107 (: 164 (17 479 (!
HER2 2. 1F81
Positi 26 1)( 1 177 ( 47 (19) 1574 (1
Negat i 6578 (¢ 2907 (: 260 (15 526 (:
Triple N 1. 8P
No 654 (: 303 (- 255 (15 448 (:
Yes 29 (9 4 (1) 52 (16) 235 (°
PAM5Qubty 9. lay?
Lumi na 441 (€ 91 (1 124 (17 57 (8
Lumi na 82 (1 156 (. 57 (12) 190 (.
HER?2 14 (9 24 (1 49 (20) 153 (I
Basal 15 (5 9 (3) 35 (11) 270 (!
No r rmha lk 110 (¢ 15 (8 50 (26) 21 (1

NPINottingham pr o@PnGGsotoidc pirmdygenxo;MIPGMo e natpe p
i

PPGPoor

pr ognoPs tviac ugersanepme batd dst i cal |y
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Tab32eCl inicopathological and mol ec BILa&r7 Albi/ grEdIflleé ms as
exXpression in breast cancer
Parame SLC7A5/ FEN1 Pr «
SLC7A5 SLC7A5 SLC7A5: SLC7AS5 P-val ut
FEN1 FEN1+ FENI1 FENL1+
n (%) n (%) n (%) n (%)
Tumour si ze 0.0009
< 2.0c 152 (6 46 (2 28 (1: 5 (2)
O 2.0c 119 (5 41 (1 42 (1¢ 15 (7
Gr ade 3. 0%5%1¢
1 58 (8: 12 (1 1 (1) 0 (0)
2 110 (7 36 (2 7 (5) 0 (0)
3 103 (4 39 (1 62 (2¢ 20 (2
LymmMNod& age 0.5
1 171 (6 48 (1 35 (1: 11 (4
2 79 (5¢ 33 (2 28 (1¢ 7 (5)
3 21 (5¢ 6 (17 7 (19 2 (6)
NP I 31x 10
GPG 104 (7 2 (1 4 (3) 0 (0)
MP G 137 (5 5 (2 45 (1¢ 14 (6
PPG 30 (4: 1 (1 21 (31 6 (9)
Ki 67 0.000
Positi 112 (5 34 (1 45 (2: 14 (7
Negat.i 89 (6 32 (2 10 (8 2 (2)
ER 3. 2%"1¢(
Posi ti 219 (7 59 (1 23 (8 5 (2)
Negat i 50 (3¢ 27 (1 47 (34 15 (1
PR 1.3% 11
Posi ti 175 (7 39 (1 20 (8 4 (2)
Negati 86 (4: 46 (2 46 (2¢ 16 (8
HER2 0. 04
Positi 34 (47 18 (2 18 (2¢ 3 (4)
Negat i 227 (6 6 (1 51 (51 16 (4
Triple N 5. 0%5%1 ¢
No 236 (6 5 (1 33 (1¢ 8 (2)
Yes 25 (2¢ 19 (2 31 (3¢ 12 (1
Mol ecul ar 1.8x 1%
Lumi na 77 (7« 24 (2 3 (3) 0
Lumina 84 (67 22 (1 15 (1c: 4 (3)
HER2 17 4 6 (17 10 (2¢ 3
Basal 25 (2¢ 19 (2 31 (3¢ 12 (1

NPINotti ngham pr oG@PnGGsotoidc pirmdeno;BIPGMo e matpe
PPGPoor
statistically

prognostic

progno3NBCECTrgirpoduep. Negati veP Bvahases Omenacndrol d

significant
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3. 3rdognosti chivggdh Cé/MAME fFlEENd X pr essi on

SLC7A5+FENlwasmRd#Aasoci ated with poor pat34Ant out c
P=2. 8310 Mor3loW@7A5+F#dNsl +tassoci ated with worse pat.i
(Fi BUECe P=1.50,x PR+ 34Ej gR+ .36 x HER2 PBuUFe P=1'51x10

and -nohple negative34d,umPudsjs X FMuglutrievrae g rad £s i @mx
showedSit@aA5+FENle xnpRNeAs s iaopnr ewdd £t or of shorter o]
independent of tumour size and |l ymph node stage

33; P=47)4x blut-bmetasERcannd@erP$d.ab5 k.

At the pr 8tLt€7VASF+FEBENBDGuUur s were similarly associ a
outcome in terms of BEASS:P=aIl.100cgse&ER+PIEFgUODOE3) ,
PR+ (F35gur =0. 000(7Hi, BBFEER2P=0. 00 H)r igpnide moengat i ve t
(Fi gB3lbHe P=0.001)SL OMoAxoPMeENs, i+gni f i cantwiys haosrstoecri at «
DMFS:n all ca36As PEIOgOne) 36ER+PEBi gO0dg,36ER+ (Fi g
P=0.02) and triple nepht i We GBiLCoyREN1W & &il gswr e

associ atpodRrfWd b hall cal3™®™s (PEFiIOgwRg , 3ER+ R=F0.g0lr2) ,
PR+ (F3Weuyr e=0. 00-3)F,iggMdER2 P=0. 03 i phd negative t

(Fi g3Wde P=0.01) .

Mul ti varrieagreesGoixon analysis was used to invest:i
val u®L©7 A5 + FErNdLlt+te i n | aas awdil Hlouasous ,s ¢ h aEaRctt earnids e d
ERsepar.at®heg resul ttsh®LhCo/vAebd FtElNiGr oup was a pred
reduced survival and distant metastasis in all

(TaB#e all P<O.i @3au)mo ub st crhaatcaRe(t Tear B d3ee d
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TabB& Mul t iCoaan altyesi s of assoSILL7TIAGH & EiNdet xupdRdd’s s i on
and clinicopathol o0a@ildalcapERdbaeddests cancer patients.

SLC7A5/ FEN1 mRNA

Al l Case ER+ ER

Par amet e HR p-valu HR pvalu HR p-valu
(95% ¢ (95% ¢ (95% C
SLC7-REN1 Refer ¢ Ref er ¢ Refere

SLC7-AEN1 2.1-2(.1 0. 000 2. 2-31)1 46/ 10 1. 8 -5(.0L 0.3
SLC7A5+F 1.6-2(.L 0.00 14( 0-2® 0.1 1.4-3.0 0.4
SLC7A5+F 2.2 -2(.1 4730 26( 935 1.1P1 1.2-2(.06 0.6
Grade 1.2-1(% 0.08 11(1.-10. ¢ 0.4 0.9 -1(.05 0.8
Size 1.7-20.1 11110 16(12®@ 0.00( 1.7-2.14 0.002

Lymph N 1.9-2(.1 261 1% 19(12% 8.0T1T1 1.9-2(.14 9.13%0
Stage

P valuesmeastatidsti cally significant.
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TabB&£Multivariate Cox

anal ysi SLEf7T Add pEdiLeti hnorx phetswe ¢
patients

and clinicopathol o0aildalcapERdbaeddests canc.er
Breast Cancer Specific Su
Al'l Case ER+ ER
Par amet e HR pvalu HR p-val u HR p-valu
(95% (95% (95% C
SLC7-AREN1 Refer Refere Refere
SLC7-AEN1 1. 1-1(.0 0.7 1.@.-2) 0.3 0 70136 0.4
SLC7A5+F 1. 3 -2(.0 0.2 2.1.-4)z 0.0z 08 (D..5 0.4
SLC7A5+F 2.5-4.1 0.00 6.5-9.21 001 13 (3..0 06
Grade 1. 2-1(.0 0.2 1.@.-9)¢ 03 1.(30-276 04
Si ze 1.8-2(.1 0000¢ 2.(1.-33 ooa 14 (.4 0.3
Lymph N 2.3-2(.1 11x1%¢ 2.B.-37)1 2510 23 (3..3 0.000
Stage
Di stance Metastasis Free ¢
Par amet HR pval u HR p-val u HR pvalu
(95% (95% (95% C
SLC7-AEN1 Ref er Refer Referer
SLC7-REN1 1.2-1(.0 0.5 15(1.0-24) 0.0€ 0 60133 0. 2
SLC7A5+F 1. 2 -1(.0 0.4 2 2 42 0.0z 06 (1.1 0.8
SLC7A5+F 2. 3-4.2 0.0145( 6123 0.06 1.(20-258 0. 6
Grade 1. 0-1(.C 0.7 100 -17)3 09 1.(10-1 69 0. 7
Si ze 1.7-2(.X 0.00 21( 832 0. 10 (-0..% 0. 9
Lymph N 2.2-2(.1 14x 10 21(862.)8 7620 2.(31-363 0.000
St age
Recurrence Free Survival
Par amet HR pvalu HR pval u HR pvalu
(95% (95% (95% C
SLC7-AEN1 Ref er Ref er Refere
SLC7-REN1 1.1-1(.0 0.7 1.4-2(.0 01 0.6 -1(.03 0.2
SLC7A5+F 1.1 -1(.0 0.6 15( 828 02 0. 7 -1(.0 0.2
SLC7A5+F 1. 7-3(.0 0.1 29(1.0-80 0.05 1. 1-2(04 0.9
Grade 1.0-1(.0 0.8 10( 012 06 1. 0 -1(.07 0.9
Si ze 1.3-1(.% 0.0316(12,): 0.0 1.0 -1(.06 1.0
Lymph N 1.9-2(.1 7.x01'® 19(12% 02x1% 1.9-2(.16 0.000
St age
P valuesmeastatidstically significant.
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3.Bi scussi on

Al teranhi ohe metabolic profile and gen¢ri Onienst atl
of the exampl es of met abol ic modul ation in cal
met abdIl6iBLC7AS one of the most i mportant transpo

and it is highly expri®dd3bd mai bSte€atScamceafuppl vy
cancer <cells with amino acids and to maintain |
glut amr,di n t uirmgTaORICitwhatch pl ays a key role in
nucl eotide biosynthesi s, p r[o#.0e]iBr etarsd n laantciean ceed
high | evels of oxidative stress, and asthearadapt
is a high expr emastioom DBDNA tthes el oamxgc FEINAnwhieplai r s g
involved in the repair of DNA base dalntalghei scause
altered expression of DNA repaiflpfgfitneitrhd sl eCahay
the prognostic signiliighhprces SILCrV AGTB EbNdmd nekdei r

association with clinicopathbhogecalbrhdadatt od@sc an

were explored.

I n this Chapter, t he hi e&uyplrtes sSiLnGii Aabdft EEMIA tt hbaott ht h e
t hmRNAand protewasad soeil astvedr swi tfhr ognostic clinic
par ameitreclsudi ng | arger tumour sTihzies awads hsiugphpeorr tte
ot her studies that addr e sSdLeCd/ mthhieE Nd rnaddg nva dtuiad | ya
concordance witt bannd&| Madbest uthdgh exprRsG7Aind of

FENdasorrelated with poor cl]ih0copmiIlhol ogi cal p a

With respect to br elalsG7 &BaBhECNdLri @lwipo neasrski eorns ,was as s c
wi tEIR, PR HER2 + amalg attriivpel et umoumRBNAANnNd bpt &t aihre | ev

Si mi lagprr etvd ous sSuLECYy ASwhessei on md&RtNAabnodt hp rtohteei n | e\
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in breasptatcamaesr correlated with ER receptor neg
and HER2 pds$sidtfAmwatthyer recent st udynedeamao vt rbarteeads
cancer exhibited SHICgh Be xcpormepsasriiasmoimpditgeat hoe t umo u |
[ 16BHi s was anticipated, as thefsoamrut uments hadeeh
to fuel their aberrant cel |I[ 6p% o ENdxrmpateisen oaand ido
report E&ENdbhmatessi on was associated with byeast
HERBosittumout 86t riple negati ve, ER la&n/dT hPiRs nreeggfaltd c
the i mpoFENbhmebrodast aweocuhar wihtbakrdsesfktfilerent biom
FENAl ays a critical rule in the BER pathway whic
base damage, this pathway is essential for breas
caused by the hijghS5blFudahieveostereasal ysis of the
intrinsic subtyhpiegehxpeeseadle@d7 WShBENWas particul ar
el evated i n | vemirniaccheB, -ldBKREZ bsaubdiley pees subtypes é
characterised by higher proliferation rates and
ofSLC7A®R supporting gl ut a@&miNden mati anlt aliing mgarmdNA r
genomic stability (@dOer L&t k8BECeEMBEpPpSESEBEN has b
previously associated with aggr espdsviet iswed-tayrpde sb &
| i ke br ea[s7t0,c alnbcdejrkFE e ¥ pyr,essi on was shown to be e
B, HER2+ ardatiivel d 8§ ihp udTéo7/glet her , t he SHICZ/Mbexpr e
anBENilIn these subtypes supports their potential

proliferation through metabolic adaptation and L

I n t hitshhsitguxdpyr e s bio e Co/fABEHENmMRNAas correl ated wit
OS in patients with tumours chanmdcthtemplse dnaevg dthi
similarly at the protein | evel it was associat et
DMFS andVMoRRSD velri,gh hrees HiodSh Co’/fa B HENdAt bomRNAhhe

and protein | evels was associated with poor sut

cohort. sRrueddieemsoisstrated t hatSLhGC gib elxrper aessts i tounmaoou r
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were charaERerhadda poor pUb6Vi.vaSE8piutacrdmnyet Madhu:
akesearch group showed tMhEBNArtohtee ihni g(hn uecxl peraers)s i wans
with worse survival out comé¢ 164 |TEhRe4s eb rf d anddti nagasn d enr

t htrei @glx pr es diodSt. Co7ffABBENHKHas prognostic significance

There are currently no studies that have previ
glutamine metabolism and DN#& r epsosnugigiessbthe ast ¢

of the ways that ¢lawtseoncivaaDdide tradopaihrami s mbr east

cancer cedes nowoclktbdeti de synthesi s, which <contr
nucl eotide pool, hence i ncr e dsli6ndl ihBaNpAserherpoauigrh p at
increasing the intr aceexliclhuafnagre g ¢ v tblr seiaosi , | cégunccienre c

which is c8bC€CT7.AbU euwc ibrye acltORCaAthé € ht tentr ol s t he
phosphat e pat hwaygeghBPBl}ijbrbggbknsphod-phboeghosphate
(PRPP), which is required for the forma[ti®oh] of p
This increases the availability oft htelE®&Nhasgel eot i
excision DNA repajragresmbuicid eiocantdea sappl y- i s ess
filDNMgsynthesipadohi B&ERIong

Her et was shown that thereSLE7TANGEBNS olchheat $tond
showed that the botSh CaxamréeEsNsdipopnedoft o plasa a r ol
prognostic biomar kpat i.emnEspéadsti nganbder pat hways
glutamine metabolism and DNA repaiwili¢grmdditfof arheen
di scovery of possi ble prognostic and predictive

treat ment for breast cancer patients.
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4 lIlntroducti on

Breast canchetesogehmeghbg characterised by dist.i
that influence prognosif.9dAthohget hpekbeycfaetpnsas
breast cancer progression are defects in metabo
enaliluenour cell s to sustmehappatemceralki amd readhiant
[163JC7ABHENdre two critical proteins implicated

potenti al ttah ered moerua a £t7 0c a nlcselr]

Given their roles in metab8SLCcADRE&gENABEIl Ohkahy C
influence fundamental cancer cell behaviours, ir
cycle progression and apopilLECTiAS. | Tk eadv @ roe Xxmarne/s
cancdmgsl udihy68JjgagtlebDtpanc[radiijidc bidastiwhere it
promotes tumour growth by increasing the nutrien
[ 70Jdmeast cancer cel-T, lonesex SuE€HFNBcaMEBCI at ed v
a high proll[ilf7e2r]@dn werr g altye,S LkOh7oAcBkddsacvert | ofcy cl e ar r e
t helpG@aseebnphagedll7a83dd cgast r[ilcl 4cjachcietri onal | vy, i n

SLC7AEpression in bl addee albinkcierey ¢ sl It HH hbdhirtat e

Similarly, thEENGacretgruillmautieosn tod the high prolifer
such aplValpg osit7artl@and [blr7e8ls h atd ke ntoi coknd, oFMENN ilanf

cald’7, an or al sguamous cel | carci noma cel | i n
enhantchees apoptosits emaaheeandr ati on pb7V9]Moy eofvetrhe
t he downr eGHENiAn ilomng@fcancsaereldelclyxl ®kawmgea est at G
G2/ M phib&®]These findingsFENigGm|Ipgbmotihegrodeceoerd c

and proliferation.
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There is growing interest in how metabolitc path
regul at ed[ 1 &Mdctaanbcoelpircogr ammi ng has been shown to
capacity, suggesting a potential [[n@*XHpWwayebget
despite this emerging eviSdl€dada dgENiLlne btr essstidicasc
remain Expnidridng their functional relationship w
met abolic adaptation and DNA repair coordinati on
ChaptexpBoreldi mnismsalci at i oS CoreAtbvlleEENEL X pr essi on i n br
cancer cohorts. fBuwidlidigrsg ocdhlaetitheases etnljpch tast i on al

i nterplaaeil dusseidhgassays.

4. IHylpot hesi s

SLC7AREENEontri bute to breast cancer cel/l Sur vi
potenti al e trabpddEBAI ngmaihrway s . Their singul ar
reduce cell proliferation, impair migration and
apoptosis, with a more profound effect in doubl e

di stribution ofstmeti &b @lnidc DINAme epai r .

4 . 1Ai2ms

1. To assess the effect of siSLECl7TAbBHFENGdo kIl ¢ kn
proliferation in breast cancer <cell l'i nes.

2. To deter mi ne StLICg AifrBEdNdti ngft e and doubl e knock
mi gration and invasion.

3.To examine alterations in SeCTATHFEMNEI mpgloegr es
and double knockdown.

4. To determi nehewhguhar and douBLeE7Am&EENdown o

enhances apoptosi s.
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4 . et hods

4. 2FEINAn &L C7A8I1I 1 transfsenai hoer wet BhBNRNA (

MCF7 , MDBM 3 6 andMB2VBDIA wer e transfected wi t h tw
construct s, primary constrBENamdBOCRHAIdiIdmguloaar ca
combined, along with scrambled si RNA negative ¢

2. FENANESLC7ABRNA knockdown efficiency were valid

as desdgcni bbapter 2 (section 2. 4)

4. 2Ce2l | proliferation and count

To investigate the effect of FEN1 and SLC7A5 on
and -¢deélvle counting (described in Chapter 2, sec
performed in three different birredibBd86Gnaered KEBAI

MB231. Both singular and double knockdowns wer e

4. 2Wo3und healing assay and invasion assay

To assess the migration abiadwbyndof heedaleiarsg aana
conducted as described in chapter 2 (section 2.
i mages several times via light microscopy (Lecia
at the followiffg goimet  T)addd NVRE , 6 houEMBHAIE: f or |

TO, T6, T12 anMBZ35h, TOpr TMDA T24 and T48h. The -

based on the intrinsic migratibnlrates afl dwi nheg
detection of significant differences in wound cl
MB436 andMBMBA , were assessed atTldShoande48liant er

respectively) to captureamhesr fast-entebbBsd WEBC
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hibidt sl ower mi grati on, were monitored over a

ogressi viel 8lhanges

ditionally, the time points were strategical/l
gration observed in the control group and t
peri ment al groups ( SFiErNgun @ & C 7kAnSoacsk d wehks a § do

ockdown conditions).

@mviasi on assay was conducted as described in Clt
2C edl | Cycle and Apoptosi s

1 cycle assay and apoptosis assay wectei cromndu
.10 and 2.11, respectively). I n the apoptosis e
ri'y apoptosis to &GeCedmmBredNREnhbekdmpact nobreast
[ l' i nes. Late apoptosis was excluded from t
nfounding effects from secondary necrosi s, wt
mage and compromise the acemelaty. oEaralpyopapopt
entified by Annexin V positiwpvrbyi wethouwmtor pr o
dication of programmed cel |l death rather than
related stress or [eX8Rer ilB&rAt al conditions

4. 2Sthati stics

GraphPad Prism software version 10.0 (GraphPad P
for statisthncmldabal weirse.represented in mean N ¢
( SEM)I | experiments were done in tWwageanaldegpiesnd:e
variance (ANOVA) with Dunnett' $wamayt APDNRY AR ompal
G2d8&k's multiple comparisonsitgnsitfiiictameensed bet d
t heontrol and t heAPevtah eure coofn &iOt.i0Ocbn swas consi der ed
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4 Besul ts

4 . 3T.hle eff EENBODASLC7 AKbnoc kd own on breast cal

proliferation

Western blot was used tPEN&n8LrGWi knbeo ctkhdeo wenf fiinc aMG/F

MDAMB4 36 andVBMBA (Figure 4.1,4.2,4.3 and 4. 4) .

I n MCFseFIEINKknNnockdown significantly reduced prolif
control (Figure 4.5 A; P<SLO2ZAS dwhot eshbwe &nech
ef fEekEit gdurb B; ). P>Ho wesv er , the double knockaown (D
profound decrease in prolifer&ti ®Px0al19@Gindargol.
respecti vehlpPAMBARB®Gr scelthe singul ar kno8k@owbd of
showed a decrease in cell proliferati dmeatbKD2O0|
conditiahut eldet odecline in proliferation across
A similar trend waB2 30lb s earls\eddloK i he MDAst signi fican

of proliferation (Figure 4.5 G, H and | ; al/l P<C

I n additioassaytwkee!l MTBupei hgr wmad t o i ndecpeelnident |
proliferat{(bngdyeamirérelll s, MGk ngul ar knockdown c
showedmodesagel yicant memhidys dBhi hncebmpari son t
(Figure 4.6 A; P<O0.0%duTledld DK®Fs ggnef dcanidl y P<C
I n ™MDBM36 andMBMBA, ckiVvecounts followed a simil
exhibiting the most cseubstpaogttulad 2 hdoencnr ecacsnep airni s on
(Figure 4.6 B and C; aVMB2 3PalOsmo0rOel )s.e n\soittaibviey ,t oM DDAK
showasiggni fi cant decrease i n comparison to the si

(Figure 4.6 C; all P<0.01).
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FEN1 KD in MCF-7
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[N SLC7A5 KD in MCF-7
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SLC7AS5 KD in MCF-7
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4 . 3EfRf ect of FEN1 and SLC7A5 knockdown on ce

breast cancer cells

I n hCF/ cel | line (Figure 4.7 A), knockdown of
i mpaired cell mi gration compared to the control
decrease i n woauntd ectll ofableye e wound maolkedley wasduc e

compatreedtclont r o Inda widndoucakld@fwnFEN1 an@FiS§gC7&54. 7 A;
P<0.05). Notably, control cells exhibited robust
by 72h, whereas DKD cell,acbxkevbngednimyni2®mé&l wolu o:
72h.

Simi) airn-Mab36 cell s (Kngaukdowdwre?7tBer FEN1 or SLC7

cel l mi gration, basti gnhdiBkbDtdel lgs eamad mptiaanpasioltn  a t
ot her c o(nFdiigtuiroens4. 7 B; al | P<0.05) . I n addition
mi gration and wound c¢closure across all time poin

whereas DKD <cells exhibitedug@tduweudndnocli déstrye a
(Figure 4.7 B; P<0.001) .

A similar trend wiMB823dbseerlVked, i hbotMDAFEN1 and SL«
significantly i mpaired migration at 24h and 48h
the most substanti al croemipuacrteidont oatal2@ ko tghnedre 4c8hn7d iC
al | P<0.05). Control cells closed the wound at /¢

gap (Figure 4.7 C,; P<0.0001) .

To further assess the impact of FEN1 KD, SLC7A5
Matrimgedasi on assay was perf-@rmed!| 6Fi bot & 4i8pl el
reduced the number of invading cells (Figure 4.
greater reduction ( FA gurie kda.d8 wa s aelkMDO Pd4BY. 8065 )i.n

cel l line (Figure 4.8 B), with DKD showing the g

to all ot her conditions ( Fi-MBRr3el <c(edilgBur eald . 8P <@
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knockdown of SLC7A5 significantly reduced invas
P<0.01), whereas FEN1 KD did not show a signific
4.8 C; P>0.05) . However, DKD |l ed to pMB23Lnd 1| o
cel l line (Figure 4.8 C; al | P<0.01), suggestin
i mpair invasinemgwé nbt @asmodelh,eebut the combined Kk

SLC7A5 tle agitsronger inhibitory effect.
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4. 3l.npact of FENl kand&wBoi€C7Aa8] | cycle progre:

apoptosis in BC cell l i nes

For cell cy clilne Mg/ ocgerleksnsoicoknd,own of FEN1 |l ed to si
the S phase popul ation 15 %, compared to contr ol
SLC7A5 KD |l ed to cell c¢cycle arrest at G1 phase
compared to tthieonost h(eki gcwornedi 4. 9 A and B; al | P<O
stronger S ,AfP&sewhicasinhibits the transition 1t
B; all P<0.01) -MBRi3r6i Icarlly, (iFn gMDA 4. 10), FEN1 KI
S phaswl gptoigddn® compared to SLC7A5 KD 17% and con
P<0.05 and P<0.0001, respectively). DKDofexhi bi
20 %, additionmabktcgpymutaciaosedn G1 phase popul ati
decrease of cells transition to G2/ M phase 14%
4. 10 B; P<0.0001 and AP<sOi.mdirOllayd rveasp eex IMMBRIBYEe d i n
(Figure 4.11), the singular knockdown of dFEN1 an
16 %, respectively, in comparison to control 14
exhibited an evepn23s¥,r ocnogreprarS® dp htaoset he ot her cond
all P<0.05).

For apoptioMdGCRE el Il nline, knockdown of FEN1 did no
comparison to control, whi |l e knockdown of SLC7
apoptotic cells compared to contr ol (Figure 4.1
apoptosasedomp single knockdowns and the control
Simi)] arn-y@®36 cells, single knockdown of FEN1 an
apoptotic populations (Figure &dHwiafghrahdrBjnal ks
in apoptosis compared to single knockdoWBs (Fi gt
231 cells (Figure 4amdder &#tEN1li KDr ecaasues eidn apopt o

compared to control (Figure 4.14 A and By P<0.C
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significant increase. DKD induced the highest | e

(Figure 4.14 A and B; all/l P<0.01)

Control FEN1KD SLC7A5KD DKD

- 4 - -
5 G1 5 5 s
2 — =] o =]
S o S — < o o

(x10% (x10% (x 10%)
PIY610-A Pl Y610-A PI Y610-A Pl Y610-A
B
MCF-7
% % % k
e kk
kkkk koK Kk ok ok Kk
M
%k ok 3k 2k %k 3k 2k %k %k
1 |_|
5 %k %k * Ak ke k
M [
100 *kkk k% % %k kK
m G1
804 = S
0 = G2
o 604
o
-
o .
= 40
20
0-

Figurdhe @ffect of knockdown (KD) FEN1, SLC7A5 and Do

ont heel | cyb®MeéeFr/i cel.l (IA)neRepresentative histogram fro
showing cell cycle phase distribution in control, FE
phase i s shotw® ipmalsreowm, red, and GRuaMw tpihfaifceactéindngc ¢ e ine
di stribution, presented as the percentage oTweell s ir

way anafysasi ancwas AuNsCeVAA)t o assess variati owmabeeween ¢
*<0.05, **<0.01, ***N=(.)OO1 and ****<0.0001 (

110



Control FEN1KD SLC7AS KD DKD
1504 'G1 150-{ 150 T
i G1 'S—'
c = — = =
3 1004 3 10 S 3 100 G2 3
S G2 S S S
G2
504 50 50
ol o ) 0 i :
5 10 2 4 6 3 10 H 4 6 8 10 5 10
(x 109 (x 108) (x 109 (x 109
Pl Y610-A PIY610-A PIY610-A Pl Y610-A
B
MDA-MB-436
*k KK *ok Kk
1 L
dokk kkkk ok *okok
| ]
P * *k
|—| m G1
60 = S
) = G2
8
o 40+
]
ES
204
n_
CPEP L PO L PO
S e e
CLN T G LT
vas® N o
Lt Y MV
.0\0 v\@ ‘0\0
& & &

FigureThel@effect of knockdown (KD) FEN1, SLC7A5 and

si RNAt beel | CYNIMDAVBI4 36 cell (A n®Representative histo
cytometry analysis showing cell cycle phase distribu
conditions. The G1 phasese pbaseown redbrawd, G2/ M pha
Quant i foifcateildn cycl e distribution, presented as the pe

for each Towoay tamenf.yeasi @¥ar WAN used to assess vari at
conditiowal ulehse *P<0. 05, **<0.01,N=+3)*<0.001 and ****<0.
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for each Towanady tdamenf.yeasi @¥ar AN used to assess vari af
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Annex-FhT®& and Propidium lodide (PI) staining in cont
knockdown ( DKD) conditions. Ce-Fl § Cavgixse) sda+md in®)d g t h
di ffereweent i-bdnn@ xRillomwedequad)y anear |l y a,pokhrrodxAdn (\C+

1l owreirggutad)y ant at e apoptothi Bug CeirgiutAdheabhd WNecr-otic cel
+, AnnéRuppW®eduadyanfThe pereéhsage @efacb quadrate is
tables bel ow. (B) Quantificatiponsof-nagaPitoeicekles) sa
condi tTiwanasy. an alfysviasri ance ( ANOVA) was used to asses
conditioewal ulehse *P<0. 05, **<0.01,N=3)*<0.001 and ****<Q.
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Figure 4. 14. The effect of knockdown ( KD) FEN1, SLC?
si RNA on apeapidsi{#aheRepresentative flow cytometry do
FI'TC and Propidium |l odide (PIl) staining in control,
( DKD) conditions. Cell s wdrTe&Gagixa) nasndwi®P) h { Anrda fifrer ¥
bemeen I|-i-vAnh@&xPilmwdeduad)y anearly apohnmme xFAdm (MBirg h't
guad)yantate apomprnexiiuyp cerghitady aanhd necroeti Anoelkl s (
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.Bli scussi on

east cancer progression is driven by compl ex
' Tul ar processes, including proliferation, mi
optosis. I n theheprpawignwsStciCagphEderiiki gk pr essi on

breast cancer was investigated. I n this cheé

ockddwmC7&afB BEN®aexpl or ed t hr oausgsha ya esxepbarre snsedrft s
ncer cel | proliferation, mi grati on, i nvasi on,
evious studies have highlighSl@7 MSh&EENIhai vi du
moi genesi s, their potenti al interaction and c
explored.

this chapterSLEh#&6 &kBMInkdiowinduwal 'y | ed to a si
breast cancer cell proliferation, iwhialld tuhsee dI
I | .Alpi @eisous stud§LGCGhpbveyls tdhadrucial role in mai
meostasi s andmantma lMeasgentga ppéhney ci n dnTnPR @ I 1

t hway, essenti al for sustai nmwntga ntth ec bruoobouesctt aglr
lilns Y1l BBl C7Abso attenuatsupprhedshafrflgotg oafat er gen
otein coding RNA 857 (LI NOD8%|Clonshnstcemntor wct h
ndit hessul ts sSggdRBochkadobwn affects breast can
miting essenti al nutrient 7tOfflansport and met abc
milarl vy, usi n® ¢ €K growlnitfiemrgatkiotn BEBAaWN knoc
ol angiocarci noma (CHOL) cell l i nes restraine
erexpr éegddtasn meésponsi ble for the [[NEGlelas edt day

rther demonstrated that FEN1 regul at-eat ¢ mient un

signallindl1@®afFfBiN\aly has been shown t o regul at e

hepatocel l ul ar [cla8r7cla sn otnfae (kHRABOYIkeddb wino od decr ease i

formation and inhibited the G2 to M phase transi
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cel[lls8 7]These finditrmgs ralsiudgn s w,i tniwhtehries FcEhNalp tkerro ¢ k
resulted in significant suppression in breast C

singular knockdowns of SLC7A5 and FEN1l have bee

limited investigation ikmtoo ktbkwotcrombéenesds. eThectd
knockdown i n this study provided new insights
suppression of proliferation, highlighting a pot
FEN1 in breast cancer cell s.

The knockdown of SLC7A5 and FEN1 individually I
invasive abilities of Dbreast cancer <cel/l i nes,
These findings indicate that both iSAC7Af5 @ardc &rEN
motility and invasi on, a mmdh ystehrevier acso mab i pnoetde nstui paplr
approlkaofevi ous study dehkoacskdawredoft hal Ct AR in a
l ung adenocarcinoma decreasedbitlhalig8dsi mirlaai oy, a
knockdown of SHI107 Ade liannoBmia6 cel | | i ne caused the
mi gration and invasion, the study suegagdadtvead etdha
protein kinase (MAPK) signalal ngolpatihmwaynduwdi cd
enzymes that degrade the basement [mMe8mMhMa@arneo vaenrd, |
SLC7A5 interf eAleMEGHR2hW aviElGGFMTOR signal |l i ng, henc
regul ati on o,t haemggibogenoenstirsi but i ng t of 1t9n0e]T h ensxea e a s
findingst hseeppidnttst hi s owhepteerSLC7A5 knockdown | ed
i mpairment in breast cancer cell mi gration and i
Similarly, knockdown of FEN1 reduced the abil it
[ 187Furthermore, overexpression of FEN1 in CHOL
E-cadherin exprceasdshiean nwiatnld Ni mentin being, which
an i mportant mekenichyepithelanal {i1&® T(hEMT )aliing ncsar
t hfei ndhemjgswher e FEN1 knockdown significantly red

and invasion, potentially due to EMT suppressior
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The knockdown of SLC7A5 and FEN1 in breast canc:eé
progression and increased apoptosis, with the mo
condition. FIl ow cytometry analysisldecgal e@€d atr r &ts

Gl phase-7i smaM@p haaer est -MBst SMDA ndUBMBA scelwhil e

the downregul ation -phas&Nadccemwmuwl ateidon ni 15 al l ce
i mpaired cell cycle progression. The DKD condi ti
potential cooperative r ol ecelfl tchyecslee tomMoe gkemeeisn ti g
increased apoptotic rates were observed in all k
highest | evel of apoptosis, flueadsddegemes nifrorkcr enags
cell survival

SLC7ARs been widely implicated in cell cycl e r
transport and metabolic signal |l iShgC7 KFroecvkidoowmsn st
| eads t o Gl1/S arrest i n variousesapha&pemaledi ncl u

ultimately supprles%$ingliplcestiet avbfobnhe downregul
cyclin D1 ( CCNdDelpe nadnedntc ykcilnanmhéeé phapwCDkdpportant r ol
cel l cycle regulation and the G1/S trah&988]on a
Further mor e, SLC7A5 downregulation via the knocl
L35 (MRPL35) was found t es neanl hla ncceel |d plcphtllsGash&enr r
functions as an exchange glutamine transporter,
exchange wjwhh clheuuacnitni ematORL1 signalling pathway,
for its crucial role in cell cycthespavagireissg ocap @

[ 70]Consistently, the findings demonstrated that

cycle progression and an increase in apoptotic
stress may contribute to cell deat h.
Similarly, overexpression otabt&&d icreHilbittrancaltli

phase to G2/ M phasé 1i77 JFpurra shteatmneoroegnckenrockdown of
cell claiumgmshase cell cycle arrestlamENbcpetayged a
i mportant rol e i n DNA repair, h e npcree vraatithnetnai ni r
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mul ation of DPDedAtdamapopl @Djdd is also involywv

c

c

cation through the process of Ok azaki frac
ating stall[edd®5TFtTehpelsiec ad ¢ toinv iftoirekss af f ect t he

i al I-pyh aaste tvwheerSe t he DNA r[elI5i]thaitd oal it arkse swif

erodos findings, as FEN1 kypdhalkaeovarc cuimgin iaft ii oa
ed apoptosis in breast cancer cell s, i kel
ni sms.

the individual effects of SLC7A5 and FEN1
and apoptosis have been previously reporte

ned role. The results om $OhCBAT hiaamsit eoFf EAN1 g h |

pronounced reduction in migration and i nve
ver , DKD has a greater impact on both <cell
Il ar knockdowns, suggesting a functional [
ating breast cancer metastasis, cell <cycl e
ions regarding the feasibility of targeting

findings suggest #iolpatraSkeCiA5 reamdl BEN1 bc e ¢

val, proliferation, and metastasis by intedg

119



ChaptBunétiiomnelrdependence of SL
FEN1 | mpact on mitochondrial func
cell s
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5. lntroducti on

I n previ ous hd lpdxpptreersss,i othheof SLC7A5 and FEN1 was

prognostic marker in breast cancer, where their
outcomes (Chapter 3). Functional experiments ful
of SLC7ABENIndsigni ficantly i mpaired breast can
proliferation, mi grati on, i nvasi on, apoptosi s,

findings suggested a possibl & hBunavtoi ogneanle s, e Iwaatri
further investigation into whether they influen:ct
mol ecul ar pat hways.

mTORC1 plays a key role in the regulation of mu
mi tochondrial oxidative phosphorylation (OXPHOS)
[ 196Di sruption of this pathway is frequently ob:
altered metabolic st at e,;ssutchhata ss ppeaarstt tcuamocwerr , g rpc
ovarian cancer, renal cdgI119 7canr ctihniosmac ocanntde xl tu,n gS LcG
ami no acid,pawvwaiilcaubdialtihtgyr ebyciaceéi vh198whmT@O@REENI1
contributes to DNA replication and repair, proce

and oxidative [slt99%]ss response

Mi tochondria iexpeanseereesselilns many ways, i ncludi
mitochondri al reactive O0XYyDbheaoauspeeuctoreise nt mtdRepS )e t
met abolic stress, the disruption in thle2@0lectro

whi ch occur because of thdi OXREIODSCcaResa@adan omemwns B
into mitoakdmudrning FEN1, t o encount emi tooxci hdoantdirviea |
DNA by cleaving the damaged DNA fragment, which
to takée2plLaclehi s means thatrmoht Imikelchopdayiang a

establishing the association between glutamine n
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Chapter 5 builds upon the previous chapters by

SLC7A5 and FEN1 and assessing their cOmpioned i m

identify possible shared mol ecul ar interactions
mut ual proteins pulled down with SLC7A5 and FE
analysis to uncover potenti al bi ol ogni aanld [[DrNAc e s
repair.

5. IHylpot hesi s

SLC7A5 and FEN1l are associated and affect t he eX

expression affects the mitochondrial function in

5. 1Ai2ms

1. To investigate the effect of SLC7A5 knockdowl
cell lines.

2. To investigate the effect of FEN1 knockdown «
cel |l l i nes.

3. To assess whether metabolic alterations in t
SLC7A5 and FEN1l expression.

4 . To identify shared proteins between SLC7A5 al
' ines.

5.To identify enriched biological pathways, wi i

associated with &xgE7ddsiaod. FENL1
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5. Met hods

5. 2T.rlansi ent si RNA knockdown of SLC7A5 and F

MCF/ and-v\BBAR6 cel l l ines were transfected with !
uUsibigpof ecRMANI MeEX as descri,bSeedcti2m® Clhhaep teefrf i2ci enc
SLC7A5 and FEN1 si RNA knockdown w@lsa te®satcet2i ouns i n ¢

2 )4

5. 2We2stern blotting

The expr &¢LiraambmB&ENLer e examined at the protein | e
as describedseicnt iGohndap2t.eflet2r mi ne t heSU@E7NaBBEN1e expr

knockdown cells and vice versa.

5. 2Me3t abol iIAmaFlysx s

The Seahorse XF96 analyser andwesrskdr $® Xl aMiutr @
Reali me oxygen consumption rates (OCR) and Extr a:

MCF/ and-MBBAAB6 cell lines as ,destirobed. LB Chapter

5. 2Co4d mmunoprecipitation and mass spectrometr

To investigate the potential associaliamdbMdMbDAeen
MB436 celcld nmneepreci pit awéome refxgprfermdi dimewe d by Li g
Chromat odasaphypectrometry in Bethz.ole3d |IThle npeusl |(dGhy
experiment was conducted separately for SLC7A5 ¢
pull down condi t-7 oarsd-MB2BAR6t be M@KISIi mggxect rometry i (
a total of 2908 proteins.

Western blot was used to validate the pulldown o
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5. 2Da5kt a anal ysi s

For protein quantification and identification, r

AMI CA versihonp8: 0/ hi dapps. maxpe)wrtQzRlhadbast.aa cf. ialt € sa |

were uploaded wunder the custom for mat option wi
extracted, nor mali sed and lumsebdoff-bor MCHMBARGL i Ve
cell , I iSLe&€sr AS and FEN1 pull down dat asetdhe wer e
i mmunoglobulin G (1gG) <control pul t tewhf elra¢ atsied |
abundance anaAymbdeapiepelUsvad. t o asstsaetsisd tgihcedli cance
of t het hdekatvaal ue 0. 6 alvag2chobdnch,samglder atl herde sOh5o | d

were applied tsa gdetfeincmaintieleyd hpr ot ei ns.

I n MCFcells, the Fold Change (FC) value for SLC7
FC value for FENl1 was positive 17.3 (P<0.01), W
protein in the experimental pull dowmt ebmpamwed et
identified after the pulldown of SLC7A5, whil e 3
FEN1. |-MBAVBDGA cel |l s, the FC valwue for SLC7A5 was
FC value for FEN1 was The@simbieve 07 p3 otR<hsOlX))hat

with the pulldown of SLC7A5 was 41, while 44 opr
FEN1.

A Venn diagram of t he common proteins was ge!

(https:// www.interagt2Pnoneteéindient @t am¢ct#i on ( PI

the common proteins were construacted:  -dilssdngg /ISd RI

[ 204]Gene ontol ogy enrichment analysis of the <co

GO biological process 2023 pdkat/ dbreasae awil tgh2. OS5I JENurdi/ ck

The results of the biological processes were ra
val ues (TPxdnh@5)X.op 10 enriched pathwaysalware sel

pl ot di-bpbga@i hgawrwsafluresedyP using GraphPad Prism
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https://bioapps.maxperutzlabs.ac.at/app/amica
https://www.interactivenn.net/index.html
https://string-db.org/
https://maayanlab.cloud/Enrichr/

(GraphPad Prism Inc. EnSar hDi eagpe,s QAbt UYPAlfi fy a
i nput proteins ofrumetniesn ale qan rriedh memt analpwsi s.
| isstof wvarious sFiizeiserd msd eawphpcltihet se svtasltiadt iesvteinc afl dry

sampl e sizes.

5. 2T.réans cr i gntad ipisdce-i mmhunopr eccapidi dmat es i n br.

cancceorhort s

ThMETABRI C dataset (n=1,980) was usedst¢tlbedteedr m
genesfurther described in Chapter 2, Section 2.1
Additi dbealBlrye,ast CErpees Sieorre MGereExWMbnér (6. 1) (o

dat abase ,watsvadsiedddatna,ftnlpes her described in Chapter

5. 2St7ati stical analysis

GraphPad Prism software version 10.0 (GraphPad P
for statistical anal ysi s. I n vitro, data were r e
( SEMxperi ments were done in threwayndepepdént
variance (ANOVA) with Dunnett' $wamayt ApDNRY AR ompal
G2d8&8k's multiple comparisonsitgmnstdiivcéameensed bet d

control and t heAPevtahl eure cod n &iOt.iOdbn gwnaisf iccoannsti.der ed s
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5. Besults

5.3.mMmpact of FEN1 knockdown on SLC7A5 expres

in breast cancer cel | l i nes

FEN1 protein |level s-7weelel s efdaulcleawii mg MClFe knockdo
it was decreased by 35% on day 5 after the knocl
the control (Figure 5. 1A, B anMiB4B86 PBPe€0IJA&GQ O IS)L.C7
knockdown | ed to a | ess substanti al redaoadei on i
MCF/ cel l line, as it was reduced by 29% on day

day 7 compared to the control (Figure 5.1D, E an
FEN1 inAl MGH Il s caused a substantiab pedtet nopnwih
61% decrease on day 5 after the knockdown and a
and C: P<0.01). I n contrast, tMBd 3 bhcekdowrmadf aF
profound effect, as the |l evel by BZ8B7AD gpayyt®ian

on day 7 after knockdown (Figure 5.2D, E and F:
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foll owing the knockdown ,cfompENEIMedannotdreayd t.5 nB nvh sd auys ed a
l oading control. (F) Quantification aMmaacltyisnheDAf SLC7/
MB436 cell |line. Data presented as mean N SEM. N=3.
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5. 3Ef2f ect of FENI1 and SLC7A5 knockdown on

breast cancer cel | | i ne

It hB®ICF/ cel Isi nlgilnee, k nockdown of FEN1 and SLC7AS5

reduction in basal respiration compared to the
proton | eak | evel was also significantly di mini
in mitadhomednbirane i ntegrity. However, in SLC7A5
affected, with only a slight decrease compared

Similarly, AcToPu pplreodd urcetsipoinr at i oni wasSEMar KBdtgl ed

SLC7A5 KD <cell s showed a moderate decrease ( F
respiration was significantly decreased in both
t ©oheeontrol (Figure 5.3B; all/l P<0.001). Spare res
of cells to respond to increased energy demand,
(Figure 5. 3B; P<0.01), wher eas FBOM], KDitcealtl swaesx
statistically significant.

I n contrast, the double knockdown of FEN1 and Sl

in basal respiration, p rcaotun elde ake sgprnd aA T P np rt od U-c

5. 3B,; al l P<0.001) . Bot h DKD and FENI1L nKDbacsealll s
respiration, proton doeakbladdr AJPi patoidurct compar e
SLC7A5 KD (Figure 5.3B; all P<0.001), indicating
However, Ma x i mal respiration washomairkhg@dhysidegoi BE

| ower value compared to both FEN1 KD and SLC7A5
spare respiratory capacity was significantly rec

whil e FEN1 KD exhibitedl bhysmabghefi bant noedstat Ot

(Figure 5.3B). The OCR I|Iine graph (Figure 5. 3A)
respiration in DKD cells compared to singular Kk
sequentialolingemyciom, oFCCP, and rotenone/ anti myc
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I n hEDAMB436 <cel | Il i ne, the | ine graph of OCR st
knockdown of FEN1 and SLC7A5 istmoeovampgaei poonfoboband
reduction in comparison to all conditions (Figur
Mor eover, FEN1 KD anar eSlwG7AS5S nKD nl ebda stad respirat
coupled respiration, max i mal respiration, and s

control (Fi gurrEMNL 48D &Prd . 9ULG7A5 KD did not sig

l eak i n cotmpeornitsson .t o

DKD cells showed a further reduct-dowmplied brasaapi ma
and maxi mal respiration, in comparison to the si
al | P<0.05). Additionally, DKD woadal Issp aexhirbeistpa d ¢
capacity, comparable to SLC7A5 KD |l evels and con
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Figure 5.3. Effect of FEN1 and SLCl1A5 k-ioB&doeh!l ohi ea

MCF/ harboursmgvwasDikDgni ficant decrease in mitochondri
mitochondri al ATPS g@ahaXusc#6i ommnal yBlee was used to test
functi onr7 ocfonMQFol , FEN1,akD, FEINQ7 A9 CRRAS5 ReKpDr ecseelnltsa.t i(vhe)
re-al mxygen consumption rates (OCR) l' i ne grsph( B)f 3 r
Max i mal respiration was significantly decreased in DK
two conditions. Data was nor maPabedst b<hgOpHProtet«b. @b
and ****<(0,0001
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