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Ab st r act Stanflardisihgebmsarmples for the investigation oiTERC and
TERRAIn endometrial cancer pathogenes8 by Dr Meera Adi shesh

Endometrial cancdEC)is the most common gynaecological malignaacyg rew diagnostic,
therapeutic and prognostidrategies areneeded to improve the outcomes of millions of
women, worladvide. Thework presented in mghesis aims to improve the endometrial cancer
research, advancing our current knowledge of endometrial carcinogéndbesfirst results
chapter | report the effect of pre analytical variables suchtiasng of the samplesand
sampling methods on expressional analysis in the endaitrgdmpledy comparing samples

taken before and after hysterectorifiis study has formed the basis for a consistegthod

used for the sample collection in the subsequent chapters and also highlighted the need for the
work described in chapter 7, where harmonisation of EC biosample collection was undertaken.

Further onto advance our current knowledge about endoaietdarcinogenesis by studying

the noncoding RNARIibonucleic acidy related to telomerase enzynhdave demonstrated
thathTERClevels varied in human endometrium throughout menstrual cycle, highest levels
observed in postmenopausal endometrium suggestingtitutive expression ¢fTERC In

EC, hTERClevels did decrease, and when compared amongst different grades of cancer,
highest levels were detected in grade 3 endometaGid

Al t hough telomeres were consiinderded etcenbeéytftr
repeant ai ni hBRR®NMo l(ecul es are -4 sbadasdricoend af
subtel omer.Conprdmotogsthe intricate relation
andoemedrial cel llhy poseiendhE RBRdaryadavieonan I mport a
iendometrial . c@o ci @91 e hdexsasnsihiy®d® A hrosnosemes
102040-10013¢22q,16pand20gin healthy normal, benign proliferative conditions such as
endometriosis an&EC samples | demonstrated thalERRAlevels are dynamic in human
endometrium, and significantly lower in ECs.

The dynamic changes in o thT E RiGY T E R R Ae v suggsest hormone regulation and
therefore | progressed to examine the hormone regulationfoE R GTHE R R & vbed tsh
vi taman nithe work described in ChaptereBher e wer e significant
l evehTFERBGOIERRAWBPh progesterone and combine
changes wer e nion Wweewdo rcalt erde gvim It datnidomeds r u Gy,
from women on exogenousahogmeneand ulihr asa Gih R

The results from previous chapters identifie
coll ection .anmRdtpry@acd s ivieg E @ri ess eveerdesigmgohndo v e
conducted the HASTEMtudy (Harmonisation of biobAnking STandards in Enusirial

caNcer researghThe final tools weracceptedy a large multdisciplinary team and they are
publishedin a welkknown peer reviewed journal, where they feely available to all EC
researcherglobally.

To conclude, my work has paved way to more detailed understanding of factors af#&ting
research, achieving consensus amorg6t researchers about standardising biobanking
standards and recognising newer {ooding RNAs to play a role in endomatr
carcinogenesis.
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Chapter 1: Introduction
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Endometrial cancgiEC) is the most common gynaecological malignanggh an increasing
incidence ancn increase iassociated mortality. &v diagnostic, therapeutic and prognostic
strategies arthereforeurgently needed to improve outconfesmillions of womengsuffering
with ECworldwide. The work presented in this thesis aims to impEwessearch, advancing

our current knowledge of enthetrial carcinogenesis.
Endometrium

Studies ofEC require a good understanding of the unique structure and function of healthy
human endometriunHuman endometrium igne of the mostlynamic somatic organn the

body.l t aciosmpl ex mul t wbet h uwmpad atyiesssye ,basal i s an
are composed of gl andsTheunigue dualigyafthe endamettiumu | ar
is its iterativecyclical shedding and regeneratiaandthis is regulated by ovamahormones
(Hapangama et al., 2015)Tempest et al., 2020uman @dometium undergoes growtand
differentiation in the first half othe menstrual cycle, then in the absence of conception it
undergoes degeneration, shedding and regeneration. Athef menopause, endometrium
becomes quiescent due to the cessation ofanvaormone productiofKamal et al., 2016a)

This thinpostmenopaus&ndometrium castill be regenerated by exogenous ovarian steroid
hormoneqFerenczy and Bergeron, 199{fttinger et al., 1997)Thus it is one of the few
humanorgars, which does not show irreversible age related changes. Although it is a somatic
organ, endometrium expresses telomeeagwity, which may be the reason for its appaire

age defianc¢Hapangaa et al., 2017)

Changes in endomastiruml|l deryich @

Proliferative phase: As pplvagordgdn ffealaltii ovel grh ar
t hcehanignest he endomettioumheorn mesga@ansdinmg estr og:¢
the follikel arr olthkhepi dayys 28 daWNfmenstmmewnslt r c
sheddi ng, endomet r i deay7rod g et nhear iadt yecsisd,aunt thiy g lotv e r
nargobwndsr atnhdhits pl ay mi Gl atrtidtk eaccd mev | gdypwomvged e d
andoeid n tdkeenehgdr 6 latt fer at i,vewleegrdeomet ar umri es
provide adeq(UMberi bl and Téowokal ashvili, 2021

Secr et ofhye plhaatsteesr l4isdaysooknblwead gsc luentdeeal tph
influence of both oestrogen and progesterone
mat ugli algdsomoer e ctuhrel egdi ands an@énawamei essr g i
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becomes o0dadenmahteousecretwryhphhseedemi se of t

progesteronel liaMgol smepdduendmdatng of t he functio

pregnamrcayymonod. et al ., 2021)
Steroidogenesi s in women
Steroi d hor maeende si naroer gsaynnst hseuscith as ovary, adr

t hneu mbodr hor monsed dgpehdsi on the expression
organ for example UOvpdiesyldihsymowmxygblatsai 02 aT
to produce glucocor t(i Holi sdts eotr Saelx.n,e t22aCkCodc)dr hbc
be divided i nt etteh(r@ele cgaroobusphs,:a aPnrdorgoegens (19

and oestrogens (18 car bonsat dmso)m cShtod rewitce r o
transported to mitochondria and converted t
mitochondri a amd howaangsh:p dftiorxsytt ssber oi d pat hway
which | eads to synthesis of dehydroepgftandr os
keteositd pathway in corpus |l uteum grabdbdul osa

hydr oxypramgdesamrdromset enedi one (Figure 1). Pr o
is largely converted tOCagblue oXKwha @é&d 3d sp raongde ¢

produced in the ovaries is carritehdedini ml proa

antral follicles, through effect on theca ce
further convert &aol It it wheesttHotoigneda 8 Haphyd al so by
aromataséeéKemayamehi . etDoml nanttl9sAb) bhncloecluseid

Luteinisihbt hoDMmomheol(est er ol reaching these
bythydroxy dehRaviom@kmasaal ., 1992)

Endometri al changes i n response to sSte

Endometrium is found to hsavg memdadsyomégs staepabld
(Hausknecht &ttealbid he82pne action i s mainl
single androgen receptor UaAMR) pFARWOa T e sstereong e
functionalis during prol idgheoutt itvhee prheansset raunadl
downregul ated in stromal <cells in functional
cells when proges(tMarrosnhealll e.veelliRsm | pe @redaldle) i n e
cells in glands and | umen during proliferati
Concentratiof&Evegfr eobstghegens aennmoenet c wladt it or
concentrations oh E2cmwetrery nghaeaasedompared
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(Huhtinen .etThal .st udlyl4adl so reported increas:
precursor DHEA than in the serum, whereas art
endometrium compared toes@hamea(@i@yplinidrean wetr ¢
2017heor mone reazetpdwwtskiaga@nwdh ibmxreditnge,f f ects i
steroid receptor, dimerising, translocating
el ement t-actinvarnepiree scsomr s and c¢hr o(mdamanl retmo
al ., .eolbsa)al so known that oestrogen induces
vi aUMBhR | st progesteroner doentreg®BR@kemat heonr &

N

Ol6aAndrogens induce their receptors via AR

l17é&stradiol and estwbneb aftembdi hheesenhdomehs
ERlandbERIi s thought to be ebwasitmalnlfyrtheud!

useful i n pr ev@enftfiencgt su nodfe sa er setdr oEgRe n . Hapanga
rel evaRbdenm efndbmetrium and its role in patho
(Hapangama .etThaly. ,c o2Rixhl 8u3d ea nt hiamtp o t ant r ol e i

—+

urnover and regenemRat soadyiincnal &€y d cemxeptrreisusne. d
premenopausal endo mmreetnroipuanu saan d aat |rsgobilai ipna npgoastha m ¢
et al., 2015)

Endometri al cancer
Background and I ncidence
EC i s t he 41t h mo st common cancer i n WO men a

cant ar t hlietimg #sk of a woman developing EC is 1:@BRUK, 2016- 2018) | &
ye,araround 9000 new casd€LRwWKrL e2200118)8ooeedi ng

t he Cancer research UK statistics, this equ
compared tOCRWk, -1200/108%)The Nati onal Cancer | n
statistics highlight that incnidestiemN®&KHEs ha
2013a)

Lindemann et al estimate the incidence of EC

500 % by (yeé and e2n@a:.Basedoathe.dataaaillabl® fjom 2016, cancer
incidence and mortality are projected for 2035 in UK, such that in women uterine cancer will
become the commonest can¢&mittenaar et al., 2016Along with increase in obesity,

tamoxifen use, decleain hysterectomy rates farenorrhagia, and
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longer survival in women, all contribute significantly towards this increasing incidence of EC.

ECGccounts for about 3% (0GR WK, I-2 of leGrdeleraored e at h's
the mortality rates fronthis cancer havléadan upward trend over the last 20 yearBich is
expected tacontinue in the future and project that uterine cancer will be 6th most common

cause of cancer mortality in women in 2qS8nittenaar et al., 2016)

The 2009 Prospective Studies Collaboration reported association of obesity to causes of
mortality,andtheyreported thatelative risk of mortality in women withVHO dass 3 obesity
due toECwas 4.17Prospective Studies, 2009)

Prevalence of obesityad increased sind®90s ands estimated that by 20580% of wanen
will be obese irthe UK (Tackling obesities, 2007n UK, about 50% oECsare attributed to
obesity(Reeves et al., 200.4h addition to obesity, metabolic almmalities caused by diabetes
and hypertension work synergisticallyith obesity to promotd&=C incidence(Wang et al.,
2020) (Crosbie et al., 2022)

Surgery is the meianrdty&d® tafgdt rmaudttmeretntfrer pr o
dat aECG or t he UK has gsnoown dcopypwiatsoaghlagedy i n
patients due to signi f(iloyeemrt epgRtaiVe mtu 2artde msllu regp
t hepsaet i ent s have ried mebedentigobe r b iylwidtyi eémsa gd | nd
BMY(Pierluigi Bené&detteit te teSaolale,, s2 RWDHIE U dsyu c h
shew hat oédesimportant barri er( Walrk dra petr oaslc.o,f
(Wal ker ewi sahlg nicfBiclakretn ges associated with ma
ranging fromrwaeeadtihattior yi ssues to | imitation
Vi sibGumndegr son.Ténte dlur dedbe)seamwomgnge®rf r om h
economics perspetcheyerexfemeprampthieest i gati o
prol csnugegd!| pbo s mepheirgghh idveepe maeEipeyi tiacmayualpsne nt
be neaeodedre foonswZhepetaoraentgs f or oEkEE€saen pat i

albBoing chall emgesmwdi cal psnpakcss ogi(aRnCdoOG sour

2021)
Al | t heseECimakectist idnoal | eit@i angpgasnage and tr eas
appropriately, hence it becomes especially

conditionttso opcavercamg®eslsyge
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Figure 2.

Courtesy: Hapangama | ab,

Photograph of posterior aspect of a normal utestis fallopian tubes and ovaries
Depart ment

type

of Bbahmathypass:

Womendés Health Research, Institute d
of Liverpool, UK.
ClassifE€ation of
There are many waBG arndcwasasidéiyat itom mdéach
1. Type 1 akE® Type 2
Prior tBEoCwa98@@srsi dered to be a single
described twoEQ@iBytpenclt arydoexs. of
The specific characteristics
(Felix e(tTabl.e 12.0)10)
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Non Endo(medrmr
or clear ce
Associated w Yeisendomet rAtrophic end

intraepithe to endometr |
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Aeti ol og) Oestrogen d Non oestroge
P 53 mut at
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4. Cl i ni cal ri sk c¢classificati on

According t 3o c iEautrepdeddda t ol oQESM@ui del i nes Fl
classiarsceabgronpedt hr eeColichb g atdiadI e 4) .

Tabl e 4. ESMO clinical ri sk classification
Ri sk cl assi Types
Low ri sk Stage 1A (grade 1 and
Il nter medi at Stage 1A grade 3 wit!l

Stage 1B (graddbotmaetndi 8

Hi gh ri sk Stage 1B grade 3 wit

All stagesdaeomehrnond

5. Mol ecul ar <cl assificati on
Mol ecul ar classification is reprodalivwexemnd
al ., ,(XX&ahx)er Genome At | a(sL eRweisreea,r ch0 13) al ., 2
There are different waysEGThemoCarwudrar Gemhamea
(TCGA), Leiden, andProactive Molecular Risk Classifier for Endometrial Car{@goMisE
molecular classification systems.
TCGA cl B@sitfoi dsour gemhkan co tshu btMaailp.b,i 201 A) . ,
(Piul ats (elTtabdle. 5)2017)

Table 5. MolecuHGr <classification of
Group Characteristics Qut comes
POLE AJl tntua @t eddery hig/Favourabl e

Genes anLE(Hl@wP%.)ENgrade t umo

(94 FBXWS2Mm) K3(CAL%YPFS good
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Pl K 3(Re15 %R | D(17A6 MR A S
( 53 %)

(Copy nu|
| ow)

PTENN7 7 @Y NNB& 2 B) K3 ¢
( 53 %)
Low mutation rate

Copmyumber aberrat.i

Mi xed MSI (high,

Copy number aberr
MS | Ohypermutatedd, h|{PFS inter mg
( Mi crosaiMSI hi gh
instabi s engsm) ka3 %)

Copy number aberr
CN | ow MSI stabl e PFS inter m¢

CN high
(Copy nu|
high)

Copy number aberr

MS | stabl e

Low mutation rate

Genes muPt5a3d 2 %)

PFS poor

(POLEDNA polymerase epsilon genBTEN Phosphatase And Tensin Homolog gef@xXW7F-
Box And WD Repeat Domain Containing 7 geR&3CA- Phosphatidylinosite#t,5-Bisphosphate -3
Kinase Catalytic Subunit Alpha gefr®K3R 1 Phosphoinositid@-Kinase Regulatory Subunit 1 gene,
ARID1AAT-Rich Interaction Domain 1Agene, KRAS Kirsten rat sarcoma virus gen®|Sl-
Microsatellite instability, CNcopy numberCTNNBZXCatenin Beta 1 gen&@P53 Tumour protein P53
PFSprogression free survival

StagiBh@ of

FI GO staging (2009) is the
Anot her staging

stagi ng( Asnyasntte ne)t( Talb.l e 5Q18)
74 % women present in stage

et al., 2018) (Office for National Statistics, 2019)
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Table 6. FI GO and TNM staging of EC

TNM FI GO St (Description

Tla 1A Tumour confined to the
myometri al i nvasi on

T1lb 1B Tumour confined to the
i nvasi on

T2 2 Tumour invades cervical

T3 a 3 A Tumour invades serosa (@

T3b 3B Tumour invades vagina ¢

i nvol vement
c

3C1 Pel vi node invol vement
3C2 Pasaartic node invol veme
T4 4 A Tumour invasion bl adder
4 B Di st ant metastases incl
and/or ingoideal | ymph
Fi g3rdPhotograph of | ongit&€i nal section of

Figure 3.

Photograph of longitudina
section of uterus showing
EC (shown by arrow
marks) invading into the
myometrium

Courtesy: Pathology lab,
RPH, Lancashire
TeachingUniversity
Hospital NHS Trust,
Preston.
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Ri sk faE€ors for

HRT (oestrogen only)
Weight gain
Tamoxifen

Lynch syndrome
Metabolic syndrome
Type 2 DM

PCOS

Early menarche and
late menopause

Age

Physical activity
Weight loss
Mirena IUS

1.Li festyle factors:

EAd nci dence iipsariavidtrdd aism cargpeéassoi bnegs.iUtkbesi ty cau:
met abolwlterset attlee b ohdyypeemecsumtogreni s m, infl an
resi swhancche in targehesaids. t o

Metaamal ysis in 2010 concluded that increased
were associated BMdMbodecetabbdctRPOBRBOWDmMen wh
for more t haoupoesr ledyauya itcheeios®Ccarpar ed t o women
sat for hewerRsR t2h.aln4 :31B5%0¢I. 1. 48

Both former smokers and currenCtommakedst ban
s mo kwehriscehx plsai ned by hor monal modul atl okeaffe

adrenaly(aFred ioxveart al ., 2014)

2Demographics
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EAd s a disease of pAgetmpeaophusal nwi4henctehemns
pesakr our/dl d®d subsseNMuwlelnitd ayr auso pwo me rE Galm&n at h
mul t i par orulparous vagarous: HR, 1.42; 95% CI, t260)( Schonf el d et
2013)Reduced oextprosgiegre d wanidnoc rperaesgenda npcryogest er
pregnancy seem to be pr ot e Atmewaan aflaycstiosr sh afso rs
that there i sEChRo#d Wewearnwy cRdloany iinn menar chal a
0. 0. 4&)ong et. allat,e 2nPelnSo)pause i s &ElGsiosAalsis,oci &
201 4)

SEf feMeédi c a(tcioonntsr ahepmowmesrepl acement
(HRY), Tamoxi fen)

Use of hormonal contraception is(dMaecki eeédat
2010)The reduction of this risk yiearpsr opforud s e
associated wiCoh | RRoofatdOvee6 Group in Epidemiol
Cancer.Thi29 1&f)f ect persists folidbhbedt a30ty enar §
(Cook et. allh.e, e20fledc)t i s not dependent on the
howeverwwbimehi gheerecdBiibi may wor alCOwnt habepghily
potent (EMaxgwesltli nelLte vaoln. o, r(lgk¢@®at&)edasi ng i ntraut e

is also asedouic&iCetiiwimthor e prominent with pr

yedrSoi ni et al ., 2014)
HRT i s commonly wused by per.i and postmenopalt
sympt oms. I n( MBrcomhoet amodyg201@) ffRekati vgp:

ri RKBoEGi th use of oestrog&in iB.n1Y) prodeceéasi
with oestrogen and iplr.o8g6e)s.t i Tnabios) blm.e7 RR(sOIf 13..'
2.94. 32) compared to other HRT, which sugges
weaker compared tdo tcheemtaipyuoud s ddmbismene st udy
cyclical combined HRT had a higher RR of 2.8
with wuse of cyclic combined ahhe cwadii malo u s
transder mal brapar ahoboogétwhiochave | ess syste
of EC (RR of transdermale6Desamadgensk sf @r 7V a
preparationa. 1%))1. oo vle V7elr the risk of deve
decrdeanwsiee h conti nuousiXT.oOnb) naerdd t Oe g taiRy g4€l) . t210e
but the results did nOMBrmehhcat salat,i s20 k@) si
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Tamoxi fen is a selective oestrogen hreeskpbor
breasncecuramdhcael so to reduce the risk of b
Tamoxidreonties oi dal anthoagétii ¢ gerasa@artti oest
breast tamomdieer,atie oheasst r o0 g e njhce necfef @iant dsotthare e sl o
causes endometrial proliferation and | eads t
Some studies have demonstrated a two to thre
when compared to age matashe di spopaseatand ahnad
(Si smondi ,eBi adet,t (ERIdgH er, €£lt90ad)y st a@®4i)c r e\
effect of tamoxifen on EC sd@iwlsetrt & aits i mo wiome
EC risk (RR21.659, hed.emnd when commehcage i n
the risk is significiadntgayqthtalghe&cddRiRdi32BLOEY C

revi ew, effects of tamoxifen on endometrium
menopausal women are at more r i skfeonf. HWopmernp |
with persistent ovarian function are at | e s
tamoxi fen, being a selective oestrogen rece,j]

endometrium in presence (@IlIfghalghetoeslt.r,adi2 ®12)

4Medi cal disorders:

Wo men pwiltyhcy y¢ymd doQateE alve a three to four fol
of EC, hence theirr etdo eltVihgaem e ®lk | (aFse adrbt | ceoym pe:
al ., ,(HeoW)l a ef{ GaltschkRdd2¢Tthealendo2melsse)i wim me n
remains i n a,whiodh fies ada svyter sgeart emedi(aSheado due
et al .Hyp20lamh)dr ogeni sm and peripheral ar omat
adi pose tissue and high BMI are all i mport
oestrogen effeum. on the endometri

Pati enttyspewi2 hdieabaet e6s2 % IiHECr endedend,dmtref o
main biological pathways ariendwelsicm,irbleesdi wona ald «
i mbalaanndc esystemi c 1 nfl aEntchatvied o(pSmebendc he tl, eaald. ,t «
(Shi kata ,eNj ak u , e 2VWdnBe)n PRiORRMms) onbdal dbskiagleenar
ri sdtevél E@ihmmgh t he g e ntehroau gahp stphopiaattheoogne nesi s i
wel | under s(tndgd a&d u.r, r €r0tll4y)

56enetic
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Lynch syndrome is an inheri tadhd ghrymdrsdme fwltioc
endometrial, ovariafWandownmretf&dmajoshi 2028 ¢ anhc
Lifetinedni wskmeh witbméynsh@bBymldo® 08¢ Bat s , 1
et al,(Ryaml 2. allh.i,s 2c020d)i ti on i s associated

gene, involvedhi fAPHArmi €ehafadct, s 1i9M 9Mmi s mat ch
h ML HHLMS H2MS H6PMSause nucl eotide repeat varian
mi crosatellite instability &mMe&yies . He&l@Q9irak yo
ECin thesargpeanttiiennetls cancer s, wicttlhow ,BvMleywounge

compari adoradi € Meymo i r ROMOYy nciht hsy ndr oEf® who
can alsyncdhhrveenous (oSwodriineamn ceancadr. , 2005)

Di agnoesd s of

In postmenopausal women, transvaginal ultrasound is used to detect increased endometrial
thicknesswith ausuathreshold o5 mm thickness fosubsequergndometrial biopsy. In pre
menopausal women, endometrial thickness is less specific, as it vahdisennenstrual cycle.
Outpatient hysteroscopg the gold standard method whsamplinga suspicious lesion of
endometriumis indicated. The definite éagnosis ismade withhistological examination of
endometrial sample, whiatequiredan invasiveprocalure Blind endometrial biopsgan be
performedbut isassociated witd1% chanceof failure to detect a cancetue to inadequate
samping and cervical stenos(gan Hanegem et al., 201@here is ongoing research into other
minimally invasive biomarkedetection methodsyhich could detect tumour cells or different
proteins in venous blood, uterine lavage, cervico vagina 8od uringCrosbie et al., 2022)

Prognosis ofEC

The CancerGenomeAtlas (TCGA)classification subdivide&C into molecular subgroups.

Two other models, TransPORTEC and ProMjsihich are not identical to TCGA
classificationbut analogousiave been describg€8telloo et al., 2015 Talhouk et al., 2017)

They use formalin fixed paraffin embedded tumour samples rather than fresh frozen tumour
samples,thereforehave increased clinical applications. These models, can be applied to
endometrial biopsy samplesjth highinterlab concordance rateand consistent ppgnostic

values (Njoku et al., 2022h)(Stelloo et al., 2014)Delair et al., 2017)(Bosse et al., 2018)
(Brett et al., 2021)

The TransPORTEC modelmililesEC into four molecular subgroups, P53 mutant, MSI high,
POLE-mutant, No specific molecular profile (NSMBYjoku et al., 2022bJTable 7). Both

38



P53 mutant antISMP groups are associated with high rate of distant metastases and low 5 yr
recurrence free survival when compared to POLE mutant and MSI high groups. Similarly,
ProMisE model classifieEC patients into MMRdeficient, POLE mutant, P53 mutant, P53
wild type groups. P53 mutant group have worst prognosis withHadd increased mortality

than P53 wild type group. MMReficient group have.g-2 fold increased mortality compared

to P53 wild type group. Best prognosiseenn women in POLE mutant group.

These molecular subgroups have prognostic and therapeutic implications, P53 mutant cancers
are aggressive, will require aggressive / complete surgical treatment and require adjuvant

treatment. For patients with P53 wild type, surgical treatment alone ersfficient treatment

as these tumours have low metastatic potential. Those with POLE mutant tumours have a good
prognosis and adjuvant treatment may not be required for these patientsd&fidignt group

may have different immunotherapy options as teyhighly immunogenifMarabelle et al.,

2020) For women who are considering fertility sparing treatment options, molecular subgroup

classification may help us guide treatment decis{dijsku et al., 2022b)

ManagemEGt of

Staging investigations

Prter eat ment evaluation includes clinical/gyn
full bl ood count, renal ( (ou nocnibioo ne.t IMiageretd M
resonance i maging ( MRI) scan hasselssencepgmno T

i nvol vement and (nGaodnee tertj (@alo.li ,com2a@sli @n Calmput 201
tomography (CTd whceam diss tianndti cradtea {tHas @dorsead
and Sal ve(s@onml,onmnol 6t al ., 2016)
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Low risk Intermediate risk High-intermediate risk High risk Advanced or metastatic
Molecular classification Stage IA, endometrioid,  Stage IB, endometrioid, low-grade, Stage | endometrioid with Stage lllHVA endometrioid with  Stage I-IVA with residual
unknown low-grade, with negative  with negative or focal LVSI substantial LVSI, regardless of no residual disease disease
or focal LVSI Stage A, endometrioid high- grade or depth of invasion Stage HIVA non-endometrioid Stage IVB
grade, with negative or focal LVSI  Stage IB, endometrioid high- (serous, clear cell,
Stage IA non-endometrioid grade, regardless of LVSI undifferentiated carcinoma,
(serous, clear cell, undifferentiated Stage Il endometrioid carcinosarcoma, or mixed) with
carcinoma, carcinosarcoma, or myometrial invasion and no
mixed) without myometrial residual disease
invasion
Molecular classification Stage HI POLE-mutantno  Stage IB, MMRd or NSMP, Stage |, MMRd or NSMP, Stage llII-IVA, MMRd or NSMP, Stage llIl-IVA with residual
known"* residual disease endometrioid, low-grade, with endometrioid with substantial endometrioid with no residual disease of any molecular
Stage IA, MMRd or NSMP,  negative or focal LVSI LVS|, regardless of grade or depth  disease type
endometrioid, low-grade,  Stage IA, MMRd or NSMP, of invasion Stage HIVA, MMRd or NSMP, Stage IVB of any molecular
with negative or focal LVSI  endometrioid, high-grade, with  Stage 1B, MMRd or NSMP, serous, undifferentiated type
negative or focal LVSI endometrioid high-grade carcinoma, or carcinosarcoma
Stage |A, pS3-abnormal, or regardless of LVSI with myometrial invasion and
non-endometroid (serous, clear Stage I, MMRd or NSMP, no residual disease
cell, undifferentiated carcinoma, endometrioid Stage HIVA, pS3-abnormal, with
carcinosarcoma, or mixed), or any myometrial invasion and no
combination thereof, without residual disease
myometrial invasion
ESGO=European Society of Gynaecological Oncology. ESP=European Society of Pathology. ESTRO=European Society for Radiotherapy and Oncology. LVSi=lymph ular space i MMRd=mi h
repair deficient. NSMP=non-specific molecular profile. POLE=polymerase epsilon. * Insufficient data are available for stage IIl-IVA POLE-mutated endometrial carcinoma and stage I-IVA MMRd or NSMP clear cell
carcinoma with myometrial invasion to enable allocation of these patients to a prognostic risk group in the molecular dassification. Prospective registries are recommended for these categories.
Table 2: ESGO-ESP-ESTRO prognostic risk groups defined with and without molecular classification®

Table7. ESGOESRESTRO prognostic risk groupReprinted from_Lancet. 2022 Apr 9
399(10333) Croshie EJ, Kitson SJ, McAlpine JN, Mukhopadhyay A, Powell ME, Si
N., Endometrial cancefi4121428 Copyright 2023, with permission from Elsevier "

Factors associated with high risk of
Patients with extensive |ymphovasc(Basssepate
al ., ,(2M h®e)x etCaalc.e,r 83Wbh1 )b g hgraddd sdicbehgyqopreet r i al
invasi ohave=80%her percentage of | ymph node
of recuCaolecne®d 0 &6 )Palti eymphwnbde metastases,
>2 wmu hladglvanced stthagreefdorse aisrecr ed Lod omibok ¢
et al., 2016)

Treat ment

Mi ni mal access suwrugircecallt | ge drciegppwhegla modtea lan d

hysterect omy, -ooiplheotreercalomyal pvMinco or without
oper ati onT hoH A Cckh oti rciea | compared total | apar o
abdomi nal hysterect omiyCafnalh e pda tsieeanstes fwieteh asntd
sur vainvda Ir e ¢ mo tbhe ngtreocuopesp af Abheéa eBuabi caPOiLlv7pat
i s assoictimt edmpd i cati ons such as veonousr si

t hr omboeaonbgoalni sirmj by mphbedama, infection, deh
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ar e hi gher i n WO men withhecomol &i dift i seyss t a&mx
l ymphadenect cmypjiectadobodn@ge® i Mygmemr oluwsd isntgu dd els
ltalian study awedAISTHEBEGEC tiBCadpelrglorsmiamgge Sy S
l ymphadenect omy i s naodtd i &k evmneafiiatt e orwi b @ e raanlyl
recurrence (Beaedsutrivi Pah(liKcit cshte nar .| ,ent 22000180),, =
SEPAL study suggested that high r(iToldopa&ti ear!H
2010 FlI RE$nsimey, | ybrplet ewdliersigdior y ani € gr ee
dyteechhiogintd 96 %Bseerwiift halvse nega(Rvssriatée af .3
Adjuvant tE®E&aCGoneonnitboi net al ., 2016)

I n | oBAC rmeskadjuvant treatment is recommended
ienbY%% in thdsSeorpat iegntad .pat2i0ddmMt)s BwCdxht @ mn a&lr m
beam radEBRFerdaxyd( the riskhoktepétodt o dAeFur
wi hb benefit i.Howedmalsl wsawr vaiswsalci ated with
t oxi(ckKiotnyg et . aAdj uwvart2)br achytherapy 1 s recc
recurrence. For younger optFent pat hiegnha drjiwsvka h
ECwhen surgical node staging is negative, é
recuramomceaed] uvanst oginhddhmpy surgi cahasodakt ®Hea
performegendi ng on LVSlexteeirtnhadr bberaEn® Riatdbenrt ehpx
the psl viesommended to decrease | ocoregional
St ageCi Znanaged by surgery and adjuvant radi
brachytherapmsotihedsatpyd/nt s dStagde@sreded oMittehn tr e
wi EBRT-ch/emot herapy. Fordopatrieemnutry ewmitt¢ &n slbeaas rec
consiidieprtednal cgbor bduatHooewerdal t herapy i s i
with advancEG orsmadcserareb| e e sobfido rdrereen dr ec e p-
status. Pmedesxpype oWgPAy t2e0r00 nrag O MA 160 mg)
recomm®©n ded. hor monnseu cplr edpsaea ma b6 ®r ozol ecand f ul
bers¢ta et d{dIKokkao@4) al ., 2010)

Key current challengesand future needsin management ofeC

Approxilma%edat iEcChavyewi ymeh aso dpfri;essence of pel
paraaortic | ympan mpdet mat aptasyg eassStoscp cadtneat ovri |
out csdmei jnen et RabtineORYmphadenectomy i s a
mor bihcinitcyet r oducti on of sentiaelled yanpihetmiovudeee i

strat ergeyd uncoetdb iPdr f gr mi ng | ymph node exci sion
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frail Tphaetrieefsoerseo,f preop risk stratification m
of ymphmebodet ases, -caranumcecamutao@e atureehntmo d e | E NI
Bayesian nehtansorike emo dded v, e | @ pieditdd easibdb P aelfi dpaatteide |
who are at reixstkr eonfe |l lyyanspoha sin ovdheyp mmpehta d enect omy

omt e¢ldn futur e, use of such models together w
couaiddndi vi dual i sing clinical dec(i Beiojnn ama ke tn g
2020)

Ri sk straBdbfaiseadt iommn hiist emaigygs apldspléetoeegryt i c .
diagnosis and treatment,-13 % women are prone to recurrenc&@fwhich usually occus

within three yeas ofdiagnosigHultt et al., 2019)The najority of recurrences occur in the low

risk category oEC as theyhavenot receivd adjuvant treatment. Almost 50% of these women
develop distant recurrence whiclads to poor prognos{8rennan et al., 2015kven though

we diagnosenajority of EC casestearly stage, it is difficult tadentify which of these patients

will recur hence focusffective individualised adjuvant therapies towards them and avoid over
treatmenin patients who will not recur and soportantto avoidexpasing them tcshort and

long termtoxicity of adjuvant therap{Brooks et al., 209).

Hi gh ECp atkineanytesqui re mul ti modal treat ment i nv
radi otamelhemgt her apy. ECGoanarebp tdri ttii cewsl drhlhye iobesi
managemoerdei f f. i cTuhlety f aacrebihdiigthye r aThimle nfoirvteal y & ar.
survival I sd i92emehsaet chrsd satgiecdald coeydl 5t% of soes t waigteh 4

di s¢&RYK,-220865B)

Molecular classification dEC will allow risk stratifcationandtailoring ofadjuvanttreatment
decisionsbased on the individual patient risk sco(8tubert and Gerber, 201§Yalhouk et

al., 2017)

Currently, there are molecular markers which classiBC into risk groups which aid in

prognosis but no single biomarker which can aidiagnosis. Molecular biomarkers are only
available in tissues after invasive proceduvés needto study the endometrial carcinogenesis

tumour microenvironment to discoveew diagnostt, therapeuticand prognostianarkers

which will guide and supplement the genomic classificattortecidethe besindividualised
canceltreatmenplanfor EC patients.

Emergence of Dbiospeci memanalsatciramcalalr e
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Hi story of biospecimen based research starte

corpses thus from ‘ttheentmaryt, u awiitens .t hlen etshtea b2 0

di agnostics in clinical medi cine and advent
bi ospeci mens wer e acquired from | iving don
departments. Therganireed Ipracépcei odries sto
' ive donors was only (iSnairtiinat ¢2d0Onba6n) bhes Rdsit m
critical Ssubstrates for bi omedi cal researct
coll ection, storage and regul dHedausetofal th
Precision and personalised medi cigiwei dies t dfet
management of patient. Thi saodbwr aaw)y ltyhereagfua Ir
handling of the biospecimens is vital to | ir

their pathology. Accur atfei,cireptroqgqual bl e th am
clinical practice, requires high gual ity b
Esti mati ons -79Wg pds tl atblbpatated y errors are due
mi shandling douahegorcob] |l pcobcesasi hdqLappi seor ai
20Q@GLi ppi e¢Catraraq@tiipapi ,eR0d2ne 280abytical
t hat can affect the biospecimens are uncont
speci mens with unknown or unacceptable qual
obvi owksel it @reaul t s unr el i abl el Gonndp tpoont eentt iaall.l,y 2
The regulationB sBhaete@ 004 Humampplicable to |

revi ew, and |licensing for human tissue samp
should have an independent ethical revi ew ceé
an academiuct ei (se. g., university) or within t|
to the UK tissue | egi st atsieom,f doaumsaenn tbiiod oagn «

rese(@VMRG, .20QApP)ropriate and comprehensive 1inf
patient donors, supporting them on their vol
without any wundue coercion oOor pressure. I n &

from research anytime without that affectincg

mu st i nclude information on the process of
samples wil/l be used for and howatédei neshkkt
Written information in the form of patient

based on guidance produced by Health Resear
Coun(cMRC, .209®@mpl e collection is a team eff

researchers, and biobank staff. For a biospe
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colbecand storage is obvioustoy dd mwmdiealw.orTkh tbs
all members of the research team, who can ac
bi ospeci men journey from obtafnthg bhespeaeti a
the analysis. Hence it I s -rae vg eerveerda | rsetpaunt deadr
publishers to report on the robustness of t

expression of diff ergeentts .gelnte si sa ntdh edroenfnosrt er eeasny

of all cancer researchers to collect sampl ec
practice guidance available, or in the absen
Qual i toys poefcaBman c biuasse ionf transl|l ati onal

Research for biomarkers can be influenced by
variation in quality, consi steMecygr efetstalndart
(Moore et al, 2011a) Nati onal Cancer I nstitute (NCI)
uni formity in quality mdmndag ds ri cma dainad k nfgo

As a result, efforts for standardising the data and the quality of specimens are recognised as an
urgent need for future researthMor ent e et Yuaill.l,e 2e0{0vigd g ht 2ar0dB
Lockhar.t, 2012)

1. Factors which influence the usefulness of a biospecimens

Ransohoff and Gourlay (2010) reported that biases introduced prior to the analytical phase of
the biospecimens may or may not be recognised. They also recognised that bias can be
introduced in the laboratory during sample processing and may not be telptgtiogenesis

of the diseas@ransohoff and Gourlay, 2010)heir work concluded that biggest flaw in the
biomarker discovery is the disparity of specimen groups compared. Lippi et al also found that
60-70% of all preanalytical errors were due to variations in collection and prnogeski
samplegLippi et al., 2016)Biospecimen handling, may have an obvious effect on the integrity

of biospecimens and on downstream analyddkervik and Vaught, 2015and invalid
proteomic analyses and subsequent HERfcal assay without controlling the preanalytical
variables, is an example of how the use of poor quality biospecimen can be detriRtitd

et al., 2013)
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Life cycle of Biospeci mens

High quality Bio-specimens for endometrial cancer research

Prerequisites for biospeci-

specimen specimen specimen

mens Collection of the Processing of the Storage of the
Patient consent

Addressing all pre analytical variables

Surgical team

|—s

Retrieval and distribution for
Molecular research
Pathological research

Biolnformatics

ECPD : endometrial cancer patient data tool, ECSD: endometrial cancer surgical data tool, ECBS: endometrial cancer biospecimen tool, SOP-ECBS: standard operating proce-

dure for endometrial cancer biospecimens (Adishesh et al. BJC 2018)

Figure 5.

StandardsCancers2019 11, 173406

Di agram of | ife cycle of bAdiehegh eVic Hapagama, D.K.
Enriching Personalized Endometrial Cancer Research with the Harmonization of Bioban}
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2. Biobanking standards used for collection, processing, and storage
Biobanks have an important role to play in both formulating and adhering to stringent, explicit

standards in the sample collection, processing, and handling of satdpte§.or t unat el

bet ween biobanks, there are wibdeasathat ityms
samples collected, sample quality, demogr ap
consenting patients, sample processing and

i mpl ementing standard operbatad pndcedwumdasar
mul tidisciplinary teams, including scientis
accurately predict the int(eReatigogu ag(td eglisaglui 2 O
et al ,.(,Mod0 Q) 2012)

3. Factors affecting the analysis and results

The quality of a sampl e ore ptemad roems ulhtes toyhptea
anal ysed, anal ytical met hod, the specificid
controll fam@al yhecalrevariabl es. Therefore, t h
knowl edge of these easculkes Qemhmblghicgabpiwvdaeis

however, challenging and compl ex. However, a
is directly dependent on variabl es, it s i
sampl es andustthebinomsotl ercwd e anal ytical met hod
potentially wasting a | ot of ti me and resou
mul tiple techniques to confirm the final dat
saem patient, use of | arge number of sampl es
bi ases i n the studies. Application of qgual

standardising the best practice gui daerece f

integrity of the biosampl es.
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At the centre of
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l nternati onal efforts to minimise the
Some national and international efforts have
one of them, PRE&nahgt Stahd&onde (SPREC), whi c
devel oped by |l nternational Soci ety tdroiresBi
Bi ospeci men Science Working Group. These ir
handl ing, storage of the Dbiospeci mens, whi c
management systefmdéebsmadnbet [Emtcthas@a®p2) can |
a code, based on its pre analytical charact
guality of sampl es to le huasde dd e vCenl otpheed ostt haent
procedures (SOPs) for coll ection, processin
bi omar ker disco(vVheCly, .anh8ll fejallardaguiothebiynefheal s
Bi ospeci men Reporting for I mproved Study Qua
samples data including the i(nMoeogrei teyt, adla.al 12t
reduce the inequalities and to standardi se

Spani sh biobank Network Biospeci mdn tWarakiumg
review of anal ytical techniques for sampl es
tissues and drafted a proposal for quality &
met hod and bi om(stevaSaclazet a.n201O)ntSeme star | vy, The
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Ameri can Pathologists has published guidelin

opti miesecotlilsescut i on, pr oc e(ska nmngo, n dh aentd lailn.g,, 2a0Onl

Whi ch analytical techniques are affect
bi ospeci mens?

Ti ssues with same pathological condition <ca
changes in them and this can have @olhluget e dng
for ré&eneezhe . efThaelse, i20h®)Mi ti on to the vari
of the Dbiospecimens can adver(sklllyeravfifke can dt hM
2015)

Pre analytical variables may be extremely s
platform used, gene, Atgramwadr iegiT/aép var2idig!) &fsf
dependent on the molecules/ pathways which ar
may get affected by different stofAgreawalndet
al . ,. 29dB89ge it i s important to identifsy and
A simple example of such oaessirtogeetnt Rrasnadesp t o h
progester olMRe xrperceespstioaon (status in breast tum
i mmunohistochemistry (1 HC), and tipipsoguides
treat ment s. Pat hol ogists in US estimated ab

i naccurate and this was par(tHamndouned tea tahle |,y

Al armingly, such inaccuracies will result no
assessment of efficacy of treatment. The pr
met hod, but they can al so safnfeexctt goetnheerratn mwe
(NGS), where for example, the number of nucl
in fixation, (KH mofets. allEven2M hett)dESEs ggawvrhesrhnt o f
hold the key in mismatch repairtr deficient t
met hodeel ans @O AZlr wal et al have reviewed
Formalin fixed pPRRPRAfFbCceas imgedded {(heir effe
proteomic analyses, wherein they also noted
depemdprotein or phosphoprotein of interest

used (for example type of ti ssu(eAgorrawau moeutr , :
2018)Det eKRABwWt aotfi on was influenced by the m
example, fine needle aspiration (FNA) missec
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accur at e, as enhei NnumMNAr magg@bleneinddadrmhmi) eSuicachets, s
rattemol ymer ase ®EICRverr ¢ eldaicgheoem i(In0O smpne cS imee swlo
compared with (Nbaluleer esanpBl.eanlad Y2)i c al vari
clinical medi cine may also | ead to probl ems
they can also be related to the preservation
used liectdwIin bottles can | ead t(oVairmc regda sadd ,|I
(AziNmizhad et a&ahwus,20b2) coll ection methods mt
a particular mar kemplods ianntckerfersde z eSttolraavwg ec yod |
mar kervaslciukear endot hVeElQFali ng retr wtelu kfi msear o6i s
al phMFPA&As they are sensi t(ilLveee teot [@hheg rtahRadWl Sned) [
2018)Duration of storage may i mpact the stabi
be stable for up to 19 montelmsd, taond nlcoreqesre gt
and other chemical Ptcihhaongeq Gah ngle &7k Biad ma t0
al . ,. 2014)

Types of Pre analytical wvariabl es

The preanalytical factors of i mportance can
these, it is possiblyrebdastbaosangemoaoeni egsib
its acquisition whil stacawduwridatieonr evcaari daibn e sc

practical

Pre analytical wvariables can (D¢ adiviedeal i nt &
1) Il nappropriat&heeaquéeetsl inical care and re
clinical care takes priOtraliy et plalceisael 2neledc

t oe bgood communication between the resea

coll ecting the sample, and the biobank. S
vague, uninformative, or difficult to und
withen result in improper wutilisation of
the experiment al design and appropriate

should be made to obtain them after discu
2) Bi ospeci mehi sssouversc esbt ai ned from | iving di
deceased donor s, can be used for researct
reverse transcripti oRIPERA nyari¢ywsaisse delh aiLm nde
al .,. 2Pdd)ents who experience shock, wvasc
autolytic thssugesudenseusually not suital
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Figure 7.Diagram of types of pre analytical variables with examples

Heterogeneity, diagnosis
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9) St orage of: bBbepagemerds speci mens depends
whether it is solbidosopre cliingeunisd.a rMestA ©f rreodz
t @1 30A0t al i et ladng t2e0ri20)SC or@agywel tat i n ch;
mol ecul ar compos#8tmontbafs,t wheuvesasaligquii
chang@BGACn&2f tygrdtkhert on . etWhalh. t i 28L&y ar e
than 10-89&&r swhat her in freezer or |liquid
(RI'N) was | ow( Amebdath4 gnbe.hetiere will affe
studi es.

Long term storage of FFPE bl ocks may ser\

not preserve complex molecul ar anal ytes.

expression in tissue sections stored for
deaturation, further degradéaBl tadadamedi R0OS
Therefore, the duration of tissue in stor

sampl es.

Coll ection of biospecimens vital for r
As bi ospeci mens are vital for bi omar ker di
mani pubat homp,ore and post coll ection to pres:¢
mol ecul ar targets. | mmediately after the blo
i schaemic and cells are then under dstithese w
cells and thus the downstream analysis. Cons

t hat can be used to harvest human endometri a
Methods of Endometrial tissue collection for research

Many methods ardescribed in the literature that can be used to collect human endometrial
tissue for research. The main methods include the use of metal or se@igigelle sampler)
curettage, endometrial cytology, uterine fluid aspirate from an intact uterus wahiilgt
thickness endometrial wedge biopsy can be obtained from a hysterectomy spé@eguen

8).

Biopsy by curettage
This is the most widely used, gold standard method for collecting an endometrial biopsy and
was first described by Recaimer in 1848¢eTdisadvantages of a blind curettage are that there

is a 50% possibility of not successfully obtaining an endometrial sample suitable for

histological diagnosiéStock and Kanbour, 1973AI-Talib et al., 2010Q)As this is an invasive
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procedure, associated with the need for cervical dilatation, hence causing significant
discomfort, it is not suitdb as an outpatient procedure, therefore will need an anaesthetic
(Figure 8). This makes it to be an expensive and risky procedure, with complications such as
perforation, and cervical traung@lark et al., 2002)Clark and Gupta, 2@&).

Figure 8.

Photograph of sharp curette(A), blunt
curette (B) and pipelle endometrial
sampler (C) used to obtain endometrial
biopsies.

Courtesy: Gynaecology theatre suite,
Royal PrestonHospital (RPH)
Lancashire teaching hospitals NHS Tru
Preston.

Pipelle Endometrial Biopsy

Pipelle biopsy is asuction aspiratiormethod for endometrial samplingleveloped more
recently to be a cheap, cost effective, less invasive procedureathdte used in outpatient
setting(Figure 8)(Brand A, 2000) (Vigod and Stewart, 2002(jAbdelazim et al., 2013 he

thin plastic tube is inserted into the uterine cavity and the plunger is withdrawn to generate
vacuum in the tube which pulls the endometrial tissue into the tube. The plasticarbevsd
together with the plunger and biopsy is obtaingfficacy of mllecting tissue is similar to
dilatation & curettage, but there are still concerns of adequacy particularly of not able to sample
adequate tissue in pestenopausal women and also sampling focal intrauterine lesions.
Previous studies have reported that2P8% of pipelle biopsies will have insufficient tissue to
make a histological diagnogBrand A, 2000)(Clark et al., 2002)

Endometrial cytology
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Use of traditional cervical smear technique was not an efficient technique in identifying
endometrial cells to diagnose endometrial pathology. This was due to excess blood, cellular
inflammatory infiltrate, and scanty cellularity. Agtion of liquid based cytology has helped in
making not only cervical smears easier, but also this method is better at identifying endometrial
cellular abnormalitie§Wang et al., 2019 Norimatsu et al., 2009 ndometrial samples can

be obtained by intrauterine brushes which are taken from endometrial cavity without
anaesth&ia and cervical dilatatiofNorimatsu et al., 2020however it is not a very commonly

used method in practida the UK Cervical pap smears can det abnormal cells from the
endometrium. Around 45% diEC were detected on pap smears and sensitivity is high in
patients with nonendometrioid ECs and advanced stag@riasGomez et al.,, 2020)
Endometrial liquid based cytology may play asesgial role irEC screeningdFambrini et al.,

2014) Wang et al have evaluated genetic analyses of DNA recovered by different methods of
endometrial cytological sampling, using pap brush versus intrauterine sampiling ao

brush. They detected pap brush detected 8C®oand Tao brush detected 93F& samples
accuratelyWang et al., 2018)

Wedge biopsy

This technique collects a wedge of tissue from lumen to the myometrial layer, which includes
superficial and basal layers of the endometrium as well as thensldmetrial myometrium

from the detached pokisterectomy uterug¢as shown in Figure 9)in cancer research
however, this should only be performed by the pathologists, to ensure the clinical diagnosis is
not impaired. This may cause a delay in obtaining and processing of the sample and therefore

in most units, only paraffin embedded tissue is available for research work.
Uterine fluid aspirates

The technique of uterine lavage was first described in 18&jirating fluid from the uterine

cavity and using that to detect RNA or molecular biomarkers is another less invasive method.
Initially saline is introduced into uterine cavity then returned by aspiration. Cells are obtained
by centrifugation, smeared alides, then evaluated by cytopatholodisair et al., 2016)

Some researchers have reported uterine aspirates to be a highly sensitive and specific biosample
for identification ofEC (de Kroon et al., 2003fHuang et al., 2007{Colas et al., 2011)and

to represent molecular alterations characterising the primary tunf@atas et al., 2011)

(Muinelo-Romay et al., 2018 However, this method may be associated with a theoretical risk
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of pushing the cancer cells into peritoneal cavity from the fimbrial end, hence needs to be

analytically and clinically validated in large clinical trigduinelo-Romay et al., 2018)

Figure 9. Photograph of longitudinal
section of uterus with EC. Thiectangle
shaped outline shows the pictorial
representation of wedge biopsy
(endometrium and myometrium).

Courtesy: Pathology department, RPH,
Lancashire university teachimmpspitals
NHS trust, Preston.

| sa@mitan | mpordamalty tpirce vari abl e

| schaemia is defined as inadequate blood sup
ti ssues particularly due to obstructed bl ood
Warm | schaemi a

Wi twar m i schaemi a, bi ospeci men is stildl wi t h
compromi sed blood supply. This occurs after
affect the results of di fferent apdl ytbais i af

surgery, even after the blood supply to the
temperatur e, the time duration, from the ce
removed from the body, i s ngaltlhed waarmm iiscdhaa

reduced blood flow to the tissues causes str
and ischaemia / stress related ge(nSchlacomdm tete
al.,. 2008)

The extent of warm ischaemia depends on the
for example | aparoscopic surgeries may doubl
on the experiefRecoifartdeel.lsiu csegtdr@almi,a 2 0nldu)c e ¢

56



responses such as posttransleat iodnalosmoadiffibd a
hypoxia and stress induce degradation of the
variability and reaction (tMa sdtr e&lP.a,c pahplaz)e d |
20189udies comparing biopsies before and aft
many genes, proteins t o be altered, among s
phsophoryl ated proteins and phosphoryl ation s
within a short ischaemic timDavid katWollforeddll

al ., . 2Wadm ischaemia is dependech as dnhate
comorbidities, past surgical hi story, surgic
warm i schaemic time and documentation of thi

have altered the molecul ar phenotype of the
Cold i schaemi a

Cold ischaemia is defined as time taken fron
is stabilised by chemical fixation or snap

—

ime is | onger there is sitgmisfuiecamthi mdl e ewslud
not reflecting the original physiological st
of tissues |is more expensive. Researchers r
resulting frome tpree vamalaytiiomali nvatrhi abl e sucl
included when evaluati(iAgheheéonesgsul 6as . of 261p¢
Il n some studies, it has been ¥rle&pwo rdted ce ctthadtl el
and proteins undergo moderate to significant
up to 20% of det ect ab(l &p rnuoel sesceu | ,elesi usetiq.w, 2 @00
(Musell a gtGralz.z,l e2.@iIROdlof,@a 20K G&)cti ng warm i ¢
influence cold ischaemia as wel/ . The col d
proteins and markers hence some | abs keep bi
shown that <chitlilgantge soft hsea nidpelgeesn emiat i on and Wwi
of tissue, stabil ity (oApptlhee egié¢ eeldAd h r2d0 1IBINA all
2012%B¢ndi sch.et al ., 2015)

Due to all above mentioned pamalytic variations that can affect the final data derived from a
biospecimen, strict guidelines should be followed with biospecimen procuremeraratithdy

and harmonisation of such guidelines is also imperative for their widespread and effective use.
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ECResearch Unmet Needs: | mproving the
rapid transl ation of research through
standards

Hi gh Di mensi onal Bi ol ogy: O600Omicsdé Tect

Integration of different techniques for detection of gengsssenger RNARNA), proteins

and metabolites in a biospecimen in attengeted andnehi ased manner f or ms
technologies. Tése newer techniques are increasingly being used to understand the normal
physiological as well as the pathological processes in the humans and these in turn are expected

to guide novel biomarker discovery research.

Genomics is one lodgitense anOdni dcesadl st ewihtnho sy st e m:
genome. Gene Expression is the process by which the gene is used to synthesise a particular
protein which it encodes. This process is dynamic with a wide variability. High quality
biospecimens are esn1t i a l for any O00Omics6é studies. To
factors larger sample sizes are a must. Therefore, to have greatest predictive power in a study,

it is imperative to have large number of sample sizes, which is only possible by &illzpo

with different researchers worldwide.

The mol ecul ar tailored approach for preci si
decrease the toxicity, decrease t(themeosecn oo
Longo,. 2Adlvéa)nces in translational molecul ar 1

costs osft st hseisgenitfei cantly and expedited the u

clinical decision mak(iGogmpatnodn ueste aslp.e,ci2f0i1c9 )t h
Translational research and role of biobanks

Transl ati onal research is defined as AThe pi
generated through basic scientific inquiry t
Nati onal I nstitute of Heal t hi,dewh irehaenag can dnp
Casadeval ITr azaGl@&)y i onal research aspires to
lab to clinical applicaefonh foomthbephtasenot

Having a sustai-iadu me rstuepl ggnadfhiweH lqual ity b
transl ational research, therefore, a biobank
be collect éteantdt sapndet®di seaasce 2prL) fic bio
influence on deanae kteiren dfhenawebibc targets,

treatment of part{(KnbtppedsseBs@abaokzd@hdkeet be
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for research, are treasured edudeatrisomal rec®er
and | ead in authenti cat iThepalsgply as imperativamlelis used
motivating major developments to influence our perception about role of epidemiology,
pathogenesis, genetics in EC as novel technologicabpiadfin translational medicine like
genomics, proteomics, epigenomics, and metabolomics emerge. These human tissues collected
are an indispensable resource which generate molecular data from which targets for diagnosis,

treatment and prevention are deril¢@| best practice.

Di versity of Biobanks

There are wide dissimilarities in the sever
coll ected, sample quality, demographic dat a
and swonrlkfgyleows, which can generate obstacl es
coll aborative research projects. The SOPs wus
resources, hence the quality of ssawmpgdeelyc ol | €
201@ANCI ,. 2C6d®9mi cs studies such as expressior
chain reaction depend on the sample stabild.i
coll ection, proceasrsi sdg gminfdi canot ggemodi fy t
| mpl ement ation of quality management systems
can | ead to comparable results, and further

Importance of patient derived biospeanens in cancer research

Individualised medicine in addition to translational research aim to use both clinical and
molecular data from patients to develop and validate treatment options with better specificity,

to reduce the side effects, to focus on aeieing disease susceptibility to develop preventative
strategies. Human bigspecimens form an essential link between molecular signatures in an
individual 6s specific cancer and diagnostic
be devised baseath the information obtained from the EBpecimengMoore et al., 2009)in
recent year s, the O60Omics6 revolution has be:
given us the prospect of investigating the alternative ways to study tumour biology,
heterogeneity, and tumouell progression(Gambara et al., 2018Epigeromic distortions

together with genetic alteratiohave asignificantimpact oncancer initiation and progression
(Sharma et al., 2010jwild et al., 2013) The fundamental changes in cellular function that

are vital in tumorigenesis are influenceddmth genetics and envimmental factors which can
alter the i ndi vigdaneeltThesefore,iadvdncing bur ldh@evedge io thesa
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areas in particular outlines the basis for cancer prevention through directed th@fapies

et al., 2014) For example, in epigenetic research the comistohges of biospecimens
analysed are blood and tissue from the tumours. Biospecimens obtained from patients, cell lines
derived from the tumours which retain the phenotype and functional characteristics of the
parent tumour are advantageous in a wideetsaiof research studies since their response to
chemotherapeutic agents for example will be more clinically relevant and the data produced
will be more representative of the tumour sampled therefore the clinical applicability will be
high. This evidently &lps to derive direct and swift clinically translatable conclusions, and for
customising the therapeutic options for individualist treatment with the maximum effectiveness
whilst reducing side effect@Mill and Heijmans, 2013)(Reuben et al., 2015However,
discrepancy in collection, processing and storage of the biospecimens can genuinely hinder this
seemingly straightforward process, leading to uncertain molecular nature of the biospecimens
and irrgoroducible results, that impedes development of effective diagnostic and therapeutic

translational strategigd/loore et al., 2009)

The internal and external validity of the produced data depends on the use of rigorous standards
in collection process of the biospecimens andepattharacteristics significant to the cancer
type. Deviations in collecting, processing, storinggpecimens and the associated phenotypic

and demographic data make it exceedingly difficult to generalise or to combine data from
different studiegRansohoff and Gourlay, 201@'woroger and Hankinson, 2008)his lack

of quality standards and standardisation is roadblock to cancer research and is recognized by
the National Cancer Institut&#he anomalies and differendesspecimens and data collection
introduce unalterable bias which are well recognized by many agencies and attempts are being
made to overcome this by several international organizations and ag@vioresite et al.,

2007) (Yuille et al., 2008)(Vaught and Lockhart, 2012)

Rol ehammoni sati on o&ibsitamagnkinng iaand ves

har moni sati on

OHar moni sation is defined as achieving or
coll ected by separate d@tHR)bHasnemssatibnaliffersdroni f er e n
standardisation as it does not impose a single way, hence is a more flexible way of ensuring

effective exchange of information and samgfeartier et al., 2011)

The European Prospective Investigation into Cancer (EPIC) study coordinated from the

International Agency for Research on Cancer (IARC), and the Telethon Network of Genetic
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Biobanks in Italy, are international projects which have ventured into stasidgrdhe
standard operating procedures, consent, transfer policies and pro¢ediRfes (Filocamo et

al., 2013)(Table 8). The Wellcome Trust Case Control Consortium identified issues with
inconsistent sample quality such as different data from different squveéisome Trust Case
Control Consortium, 2007)The Cancer Genome Atlas Project also has recognised this as a
serious issue and further on insisted on the high quality and consistency with biospecimens
(Waltz, 2007)

The European strategy forum on research infrastructures recognised that major synergy, gain
of statistical power and economy of scale is by interlinking, standardising, tiamgpor just

cross referencing with a large variety of well qualified, existingtougate national resources.

This foresaw development of one of the largest health research infrastructure called Biobanking
and Biomolecular resources Research Infragtreq BBMRI) (Yuille et al., 2008)

Il nternati onal bi obanking platforms | ike O6Th
Bi obanking for BMarmieald 20d1aIn dR & d déBraaiRRbnél society
for Biological and Env r on ment al Repositoriesdo are worki

biobanking(Campbell et al., 2018)

Between 20042007, an investigation launched by NCI to understandtite of resources,
guality of biospecimens used in cancer research, lead to detailed best practice guidance for
biobanks. The NCI Best Practices has established guiding principles that define gold standard
biospecimen resource practices, promotes biospgetiand data quality maintenance, and
details the ethical and legal consideratigdBH/NCI, 2006) Though, the adaptation of these
guidelines is voluntary, they support optimization of the resources available for cancer

research.

These seemingly huge efforts have made many biobanks to individually bergaslised and

to have accessible beample repositories, this is not a uniform process. The-&a@dific
variations that exists are still too large to source samples fromohlhitks to a single study.
Hence, harmonisation is a necessity to utilise the available resources to their maximum

potential.

Existing Guidance/Protocols
Currently there are some established best practice documents from some national institutes

such as Natin a | l nstitute of Heal t h/ Nati onal Ca
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Bi ospeci men Research Branch Best Pr(d@,t i ces
2016)0 1l nt ernati onal S o ¢ roenmengtal ReposiBrie® Best Bracticaslfor a n d
Repositories: Coll ection, Retrieval, and Di
(Campbell et al., 2018) 6 Wor Il d Heal th Organisation Inter
Cancer Common Minimum Standards and Protocols Bmiogical Resource Centers

Dedi cated t o (Mendyetal, 20R.€Tkesegolicids provide the framework for

standardisation to all researchers.

When these guidelines are effectively adapted and applied, they assist to improve the quality
of research. Therefore, EC specific standardisation of the collection ggduionens with
distinctive and relevant accompanying clinical data sets is a fundamental unmet need in
improving future EC research. This will facilitate future lasgpale internationally
collaborative research into EC, which could lead to improved bkenand target treatment
discovery. Similar harmonization projects have already been successfully implemented for
other gynaecological conditions such as endometriodigorld Endometriosis Research
Foundation Endometriosis Phenome and Biobanking Harntamdarojecf{ WERF EPHect),
andOvarian Cancer Research Program (OVCAREiegand et al., 2010jHeraviMoussavi

et al., 2012)(Vitonis et al., 2014)(Rahmioglu et al., 2014jFassbender et al., 2014)

Key stakeholders in cancer research and need for different tools

Involvement of dlkey stakeholders is paramount as they are the consumers of the consensus
therefore it enhances the ownership and engagement. Progress towards personalised medicine
is influential in involving patients in shared decision making and patient empowerment. Th
advantage of involving patients, who are the most important of all stakeholders has been more
recognised recentl{Chalmers et al., 2014This helps us in many ways other than acquiring

more accurate and rable personal, past medical and past surgical data for research. Some
examples of information which can be exclusively obtained from patients are current weight,
lifestyle data, family history. Personal past medical, surgical history and family history are
more likely to be completed accurately by patients themselves rather than the health care

professionals.

Heal t hcare professional sé participation int
describe, discuss and engage patients for researclsbutedp in addressing the process of
practically applying discoveries generated during research. Only clinicians can assist in

contributing the surgical information such as details about operation, findings, staging and
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follow up data(NCRI, 2012) The involvement of clinicians can bridge the gap between basic

and applied resear¢Kahn et al., 2011)

Pathologists provide the expert advice to regulate the quality of research and are key staff who
help us supply the biospecimens required for research. Pathologists are important collaborators,
and their participation and contribution will stimulate highality translational research. As
modern tools for research such as expression arrays, new generation sequencing technological
advances develop we need pathology contribution to standardise the methodology for every
specimen we can use for research heratbgbogists can influence developing a standard

operating procedure for biospecimen collection, processing and storage.

Researchers and biobank workforce are quintessential staff for specimen processing, storage
and data management. The time of procgssample, whether SOP followed, any deviations,
reason for deviation from the protocol, all this information is beneficial to obtain consistent
information for all patients which will make comparison between groups and individuals
possible. It is also vitdo have all data stored for the samples collected as it will reduce bias

and also be helpful for large scale collaborative stuiepocasa et al., 2016)
Methods of harmonisation

Consensus generation methods used in research mainly aim to achieve agreement of opinion
on a particular topic especially where published literature is inadequate, and these have been
mainly used for problem solving or idea generat{tcMillan et al., 2016) Three main
consensus generation methods commonly adapted are nominal group technique, consensus
development conference and Delphi proc€Bable 9). The methodologies are generally
helpful in overcoming the disadvantages in committee meetings for example domination by
one person or group, vested interests. The emphasis of the consensus methods is to evaluate

the degree of agreement and to setdaglteement.

Nominal group technique is a structured face to face meeting where the panellists rate, discuss
and rerate a number of questions. This has been mainly used in assessing appropriateness of
clinical interventions, education and training, preetidevelopments in healthcare setting
(Jones and Hunter, 1995)
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Table8. showing national and internati onal Addhdsl Mt Hapaogamahak.
Enriching Personalized Endometrial Cancer Research with the HarmoniziBabanking Standard€ancers2019 11, 173

Year Project Role
Mot for profit international consortium, promoted collaboration between researchers in
2003 Public Population Project in Genomics (P3G) g P )
genomics.
2005 Wellcome Trust Case Conirol Consortium UK wide consortium, explored utility, design and analyses of Genome wide association

studies.

Global forum which addressed the harmonisation of scientific, technical, legal, ethical

2005  International Society for Biological and Environmental Repositories (ISEER) issues of repositories

Cancer genomics program, a joint project between Mational cancer institute and Mational

2006 The Cancer Genome Atlas Project .
human genome research institute.
Virtual European human frozen tumor fissue bank, has access to high quality tissue
2006 European Human Frozen Tumeor Tissue Bank TUBAFROST P ) ] o oh qualty
collections, which are made available for the researchers.
International project funded by WHO, international collaboration on cancer research for
2006 International Agency of Research on Cancer (IARC) pro] y ' i
cancer prevention.
Mational Cancer Institute (NCI) drafted guidelines to standardize and enhance the quali
2006 First-Generation Guidelines for NCI-Supported Biorepositories (NCD) ] g - qualty
of research material collected by the repositories.
2007 Biobanking and Biomolecular Resources Infrastructure (BEMRI) European netwaork, with biobanking focus on human biosamples.
2014 World Endometriosis Research Foundation Endometriosis Phenome and International working group, which achieved global consensus in standardizing the data
Biobanking Harmonization Project (WERF EFhect) collection tools and protocols in endometriosis research.
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Consensus development conference have been used for safety, effectiveness and
appropriateness of medical care and technology. These are run informally in terms of criteria
for generating consensus. The definition of consensus in these conferences iousanim
agreement with the consensus statement. The processes used can affect the value, validity and
hence its reproducibilitfHalcomb et al., 2008As in any consensus generation methodology,
investment of time is necessary, more so with conferences, as conferences need to bd organise
and participants have to attend all the meetings for it to be reliable and validated. Hence this
method is feasible but more expensive and time consuming. Debates and disagreements during
the consensus generation may deviate the attention and foceseuititte grougHalcomb et

al., 2008) Some of the welknown examples are those conducted by National institute of
health (NIH) (Filipovich et al., 2005) (Jagasia et al., 201&jhd WorldEndometriosi®kesearch
FoundationEndometriosisPhenomeAnd BiobankingHarmonisationProject (Vitonis et al.,

2014) (Rahmioglu et al., 2014{Fassbender et al., 2014)

The Delphi process is also a structured process, but interaction amongst the panel members is
through questionnaires and hence anonymity is preservdtie IDelphi praess, relevant
individuals are invited to provide opinions and invited to participate in different questionnaire
rounds. During each round, opinions are grouped together, and questionnaire redrafted till
consensus achieved on all topics in the questioanBirere have been various criticisms about

the Delphi process and its validity however there is no clear evidence as to which method is
the best. It is sufficient that the reporting study clearly justifies the method used, presentation

of findings and itselevancgJones and Hunter, 199

Table9. Consensus Generation methods

Consensus generation methods Advantages Disadvantages
Nominal group technique -Structured face to face -Time consuming
meeting _ :
-Disagreements can deviat
-Panellists rate and rerate tl thefocus
uestions : : o
q -Requires skilled facilitator
Consensus development -Face to face -Expensive
conference -Unanimous agreement of g -Time consuming

articipants
- > -Debates and disagreemen

may deviate the focus
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Delphi Process -Structured process -Experts are invited to

: : participate hence biased
-Anonymous questionnaires opinions may be possible
-Multiple rounds till achieve

-Validity may be
consensus

questionable

The ultimate use of the gold standard biospe
can be used as diagnostic, BGeTampheiughlci, g hatn dt |
in this thesis, theERR&| a@icfcuas sreadw bi omar ker,

Endometrial carcinogenesi s

Tel omere and Tel omerase biology in end
Tel omeres are protective caps of the ends of
DNA sequence and specific associnatfeun cpriootnei
preventing | oss of geno(nBacn dbeNA daunrd n&ja écneatnlh er:
cells proliferate, there is shortening of te
either senescence or c¢crisis phase due to c¢hi
critical short | engt h.erBel otmmearnasscer i ipt adz es paa
repetitive telomeric sequUuBhzelsbwmn &t bedehr D
201a0nd thus can el ongate t He ntgealhesmearne sp,r otld fme
For this reason, telomerase activation is co
oncogenesi s. Numerous studies have reportec
tel omerase in dda&Knomeretdedvhtil yapim@ne) ( Shlay, aln9d9 6
Bacchetti Whéeo @y mcradcodancer s ar e considered
demonstrated alteration i rECtaMaomerd &edgt RO
high tel omémThRns deteinvirteyport ed tBECEKey oa ed o nanho
1996Kyo et ,aWang 109 9aH)er, ef2dr0&,b)under standi ng

and tel omerase is an I mportant aspect to stu

Tel omer es

Tel omeres are specialised nucl eoprotein c¢omj
repeated nucl(edtaicke usengquenmdc eGsaal |, 1978)

Structure
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The telomere complex containsTTAGAE@GM|I gnd ept

compl ementary strand, which 1is terminated v
over hang X« aORvylass( BBR@0&pur n eTthealG ,Takoapf)or ms
(di splacement), which ppeéevemtd adecSs phtas et el

acces(s@rhlfeg it h (et d&la.ng(ede 2Da0Mdg(eP, a2 0abn)d de L ¢
2008phay,.TR®&1@whol e telomere foOobomp) addeplktex s
i nvasion from the G tail(, Grwihfifciht hp(rBtva edkebsu rt ded
20Q01)The 4o ofs Proportional (ComReal d eatgt dl
200.1)

Shelterin compl ex

Tel omeres are associated with a complex of
compl ex and they are: Tel omeri Repeepsgsabdrfacto
activator protein 1 (RAR1IN. 2TRHI1 Ni2nt erTad tpiemc
1 (TPP1), Protect({bhnuoéet.iTRRIFomeR@BI4PPAQTE) di r ¢
to telomeric DNA and PO&Ehcesthéesached tallah
bindi ng( Ya odteianl¥.h,e 20e0ma)i ni ng t hree proteins
TRF1, RAP1 to TRFRdaendamBBELn2ad&PITidon t o t he
there are many other proteins |l ocated at th
tankyrase, Pi nXI, and Ku. These have a role
telomeri CKbbumov(D&8Bdg¢ck .etShell t,er2m0T)ompl ex
expressed and is associated w{RboyltbageTa@RAB MEeT
et al., 2011)

Function of tel omer es

T Prevention of chromosomal-BONA skdehtefinoa:
together with tel omeres, protect -ltohoep c hr ¢
and prevent (ODR mcandade obBfrge pr2068)s e
fusion and POT1 protelcoép abeb Geftt(¥amalhgby20
200@Baamn and RfCexar &0dm®mMd .Karl seder, 201 .

T Protect chromosomal ends f domodegdaudeutsii @m
et al . (,Shagl16)X2016)

T Act as sentinelisTelf omeD&#® daenagmere prone
compared to genomic DNA due to high guail
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mechaitt Wamg et,(®let erz@h0rfthede ,t rlioPger s su

resulting in cell cycle arre¢sShawnd20 heal)
(Bl ackburn et al ., 2015)

T Recruitment T®6hekteéomer pseteins particul a
recruiting telomerase as it prevents acce
di merization with TPP1, it allows tel ome

overhang in (tWae gl &t  Z% agnhg2 € 7Cahlu. et2 @1 3 ),
T Regul ation of ihés® tpraanscrip@atieon n regul a
| ocated nearer are(Rophheaceitbeael. atz2alldpwer
T Extra telomeric functionJhefshel omere as:
associated with regulation of transcripti
regul ati on daofMafretnaahleez . 0200d198i3t y s found i n mi
its reduced expression (rGhseun test .ianl .i,n h2 Obli 2

Tel omer as e

The main mechanism by which the telomeres ar

speci fic/ speci al(iBzleads ceon Hy@nedNs ¢tr d loovmedrrr a sad s e n' t

human somatic cells but present at sufficien
celKsm et ,(aShaanydl Bac)xhett i, 1997)
Tel omerase is a reverse transcriptasrei cc(hRNA

tel omeric repeaan®RNA ot eGniftlieaitden eurs i entg Tal o me rl® D
hol oenzyme contains a human reverse transcr
(WhTERC the RNA component in each of its di mer
mi dfd Ment ei chen Bdtacklbu,yr n2 @WeHi Qaulrlei nsOD,) 2011)

Components of tel omerase

hTERT is the catalytic compbneptoonbyth@EREI
hTERG sufficient( Weo nmre cdn(shtiigadrtee 1109 9 7))

Human tel omerase rEERABEERTanscriptase

The catalytic unit of telomerase enzyme and thelmaii¢éing factor for the enzyme activity is
hTERT (Zhou et al.,, 2006)(Zhang et al., 2013)The gene for hTERT is located on
chromosome 5p, has 16 exons dmidintrons and about 35 kb in lendtBong et al., 1999)
(Shay and Wright, 2010JCong et al., 1999)Whilst there are over 20 spliced variants of
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hTERT, only the wild type exhibitsreverse transcriptase activiyHr d|l i | kov g et al
hTERT is not only associated with telomere maintenance, but also increases the apoptotic
capacity of cells, maintaining pipotency of stem cells and gene expression regulation
(Saretzki, 2014)

TELOMERASE COMPLEX
SHELTERIN COMPLEX
N
‘ TIN2 | e v HI| e
TRFL | TRF2,/ poiry WTERT | NOP10

RAP1

— | Dyskerin | | —
GGGTTAGGGTTAGGGTTAGGGTTTAGGGTTAGGGTTAGGGTTAGGGTT 3 |
UCCCAA §, GARLY

CCCAAUCCCAAUCCCAAUCCCAAU // AN/, TC;BI . -\\\_
|| | ]

3

hTERC | ~ \
TELOMERE PROTECTION

‘ 3'
.

TELOMERE ELONGATION

Figure 10Pictorial representation of the telomerase complex

Human tel omeric hRNEAG ompRNhent (

hTERG a short RNA strand approximately 451
compl ementary t o tel omer { TheliTMe&rGGandkep&al gs
Al t hough species specific in sizehTahRG saque:l
noomodi ng RNA transcribed by RNA polymerase 2

small nucleolar and small cajal body RNAs (s
all four H/ ACA dRMNHK ecroimmp, o NeOPtIsEgaMHR2d GAR1 i n:
| t strcaonscri ptional association with dyskerin
its further cl eav@Ben g ndt, (nEulc.l zerad 9 @ &tKeitsriss ,@&n2 0
al ., . 2Ma0Dation in the H/ACA motif area | ead

associated with sequence changet a@ahbitlsi de, thuts
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i mposes cat(aHuytamd dedleltihres ,b hZhWERIAD)g tt ehfer amer i c

compl ex of accessory proteins dylsAkerin, NOPI

Tel omer ase ass(ooabpmd ed proteins

Tablel10 Telomerase associated protei

hTERT ass|P23, hrsippb®ucl eopr of( Xi and
t [ 2014
pTo elnProtéBnlegulates af )
. . (Her and
DHX36 stabilises h12012)
VCP_ lee protein (Huber et
activity
Pontin and Reptin
tel omer ase
hTERGsocilH/ ACA ribonucl eopr¢(Wang an
proteinistability, accumu2004)
|l ocal i BARERGN of
( Nagat a
Dyskeri nhTERGI | i seg2008)
Al and UPI provide(Harringt
tel omerase to telonl997)
Tel omerase protein|(Aigner
tel omere replicatig2003)
Lantai gen hel ps in t|{(Venteicl
STAU assists i n t 2008)
|l ocali sati on, and t
TCAB1 (tel omerase 3
hel ps i n recrui t me
hol oenzyme to the t
Functions of t el omer as e
Tel omere malimtewmlkarcegoti c cell s, tel omer ase
counteracts the end replication probl em. Te

shortest telomeres to keep telomeres above a
pat hwgg&houry ,(e@DSadalg. ,&£t021001)3)

Non canoni cal functions ofi hTtEeRTo mecrt ass ea sc campc
in Woatenin pathway and hence i ny{d®lav&d eitn at
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20Q09)hTERT i nteracts wi t h RNA component of
ri bonucl eoprotein compl exes, which produce

substrates for Si RNA generation and regul ate

(Maida &et. diIn. ,ad2ad&9%)on, TERT part, cipateasas ac
apoptosis resistance, changes i n ¢lISrasimatzikn
2014)

Tel omere maintaining mechanisms (TMM)

Tel omere shortening i nduces cellul ar senes:
tel omeres is essential for carcinogenesis. (
t heirrol i ferative potential, resulting in cel
tel omerase dependent tel omere (€&l gugatil@&n, ba

(1Mel omerase dependent telomere elongation

Commonly, the t el oneerea soen gdaetpi eonnd, e nbta steedl ocomme rt e |
TA, i s active in 85% of <cancers. This is dis

(2Al ternative |l engthening of telomeres (ALT)

The other TMM pathway is the thelndamegr aosfe tien doe
( ALT) p(aBrhywaary et ALT, 0d®Q@mTd5i % ofi|l yhum@& n <can
(Cesare and. ReEddehal maok of such <cancers a
bi omar ker s, which are absence of TA, -heterc
chr omat i d xetxrcahcahnrgoenso, s oema | t-eil oenlee s cameé pRRBT sa
promyelocytic | eukefmhhiARBELlexstagien anRIMIRRaledt e £n
ofcCrcles and ALT tel omere DNA synthesis in
for (AheSon et ,(aZlh.ang20a9)BReécenDYE9)it has been
are tmoar one mechani swhiocfh Adars amrdi RIADSHILI y t ho
is now proven to be dispensabl e. There are
dependent recoqeipratdiean, bRARX2 i nduced- repl i
indepén®@&ZRang et( lade ,et2.0adRcorO2Ay thb, the | ¢
study in yeast TERBRAdsRgyewps wlocaumabate at
trigger DBSBAafepaimlandda2nOolosh)er st udy on human
show that RNA endonucl ease RNAs e H1 regul a
recombinat TERRAtdheRopsomay be i nvolAreod ai ne tA Lall
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2014)Similarly, it is thought that BRCA2 supp
and then by @Gueerets.salntg, iB RRI1L3 o a known fact
mut ated cancers also have P53 mutations, hen
with p53 inactivation may result (iLne eALelt aald.
1990@Bodvarsdot t(iPometi lal.etLdaddsl 20r2 OnluX)at i on of
protein chromatin remodel er compATEREK®AXaXnd s o0
chromatin remodelling pathwa@Heaaphyaldt ianp.l,i
(Lovejoy et ( Saclh.war 20dR2f)r uher Acetumullat,i o2 0 1a2f
( MRE11/ RAD50/ NBS1) complex by splO0O0 overexpt
both | ead to suppression of ALT. Il n absence
MRE11/ RAD50/ NBS1 (MRN) complexX Jisngmeki @adt e
(Zhong et( Glly.nes20eQtL)ad .et .280AL5I) @RORUNsSequmehcy
CNS tumours such as astrocytomas, gliobl ast
(Scheel e{ Hahspn260Gprandi 20§t pal or 201@) ., 2

(Noxdefined TMM mechlaand san { ANDOTeVeVn( Gaeseart | gt r &
2018)In tumour s, where both telomerase and

eXi st enedee foifn eqd GdaMiMa r eitadalb.e,en2 @r®d)posed. Exal
with neither telomerase nor ALT mechani sm,

gliobl astomas, osteosarcom®&oydst apn eBaalrst ,hned 0 e
al ., , 2WVilcceconte .etlnalgl i odbdla&) omas, NDTMM

pol ymorphism of CDKN2A, and was @Recyds ae¢edal
2011)Tumours with NDTMM did not always prese
future studies are warrant(eBdrttdc ed | @&ERBRAL. e o2r
may play a role in NDTMM.

Epigenetic regulations suchtiaosn DaNnAd nheitshtyo naet i
al |l affect expression of hTERT and thus app
(Lewis and Toll efsbol, 2016)

The mechanisms for the robust maintenance of
by somatic mutationMSi nmdn ReltbRE@Impt oocati on ¢
(Vi snovsky aentkd T&IR.Q i u20elt4 ), adarer aB g & thahpt of hTE
(Kawashima ,etgealml,i n20¥@&)y i ants of( BmaTERLT ¢enle
(Chen et , akpjgeo&oBoeic hadhreangeVdi dschwegodeegr et
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ALTRodri guez eatn-daelh.b, n edRIGoMMs e tWhealn. ;t h2®d 1 In)ci d
of TMM mechanisms was studied in different c
TERT promotor mutations were most preval ent
skin cancers (mel anomas, Ssguamousheaelals dearsc
prevalent in digestive systen,Bamdemmdt ceppoiaelt.]
Cervical precancer s, | u nhgT EcCRe@nx leir fsi( thaatdi ahrisg |
2012bALT is | ess common, but more plUkwuwabkbenet
al . ,,(LGGP)ar et AatruckalLl8ydi fference between D
cells maintain tellddmekle Wwiethtgt her malouddstbri b

tel omerase whereas tel omeres of ALT etoelmles ear

l endOhedér oge®amply et al ., 2012)
Il n female reproductive cancers included in
frequency was 21% in clear celll caacchopomaof

TERT promotor mutations are considered to i
where the mutations heal the shortest telom
genomic instability arises dwmelutescuptiegalh

tel omerase to su(sG@haiibna ceetl lalp.r,ol20le7r)at i on

In epithelial cells which have replicative capability, teloeneshortening can lead to
chromosomal instability by leading to multiple chromosome breakages, fusions, translocations
making the chromosomes aneuploid therefore carcinogenesis. One of the mechanisms which
stabilise the telomere structure and its lengtkhislterin complexde Lange, 2005) This

complex protein interactions at the cimasomal ends have a key role in maintaining the
telomere length. Telomere lengths are maintained by a negative feedback loop, thus, when
telomeres are long, tlus-acting mechanism inhibits the telomerase, and this is influenced via
shelterin protein, POl POT1 can either facilitate or inhibit telomerase binding via binding

to the ssDNA at the 36 overhang of the chror
making it inaccessible to the telomerase enzybee et al., 2005) (Kelleher et al., 2005)

POT1 can also inhibit telomerase thr(eugh it :
et al., 2005) RPA (Replication protein A) is another ssDNA binding protein, which has an
important role in telomere replication by facilitating teloase enzyme at the telomeres
(Rubtsova et al., 2009)Luciano ¢ al., 2012) and also recruitment of the ATRTRIP protein

kinase complex to DNA damage sites and to initiate the checkpoint sign@imngand

Elledge, 2003)(Haring et al., 2008)
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Tel omerase and cancers

As a gener al principle, epithelial cancers
For example, eTAiighefroumd ptamch eati c duct al C €
tissue or other pancreatic cancer s .( HGaysatnrai c
antdi yama, R®M004) than 90% of head and neck sq

(Mao et .all.n, clo99%6r)ect al cancer s, high TA is
surveem$ o be associ §dfTatd swmbh o.t bBTeh éareevfed r2e0,0 O
toget her, high TA is a common observation i

highlighted in mgmhayy atnemdBtaichMbhredat i owsd 967 ) t «
componentsenhhaepbatvedben many cancer types i

tel omeraseénTEB@mplleixf.i cati ons were found t o I

carcinogenesis, hRhhnER®veeprptedsion pofostat e,
cel |l ca(rbcoirnjoimaest Hahg, e20adbd, e O(dBra)y®me &2 O\V1a8l )l e e
al .,. 2018)

Il n genome wide association studies (GWAS), v
gene were identified in bladder, (Radfaonreases,t @
2009 Petersen , e€Koldadr.a,i 2a.10HhT.EERT2PIrIlo)mot er mu t
associated with increased hTERT expression,

many cancers such (akleitdhemroeidcdh se&ti ngl bl addder
Evidence for altered TeEGmere/ Tel omer a

Tel omerase i s present in human endometri um,
|l evel s reported in the hi(ghtapyanmgatnoat beotd parle.l,i f
|l i kely to be regulated by oestrogen. Two grc
first repor ES€(Kyo hegh@fai tid 9616 )d b s e qludednrt)!l vy,
ot hers hava or eaporret Ehd igrha TA{ Mali da ®99Ru)l. ,et2 ad 6
2013) n a small study, Bonatz et al reported
surgical stad@B8oarmd zgre@Qamp arf,i O 1lbh)et ween hTER"
and TA using telomeric rRpeassayphavecabowm
activity to be significantly higher i-n canc

cancerous Eebhdlmet retwmal . , 2002)
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Figure 12. Chart representing endometrial carcinogenesis proceselivomre dysfunction
using telomere maintenance mechanisms

Telomere dysfunction
due to DNA damage,
progressive shortening ,
loss of shelterin complex

Chromosomal instability

Telomerase pathway e ALT pathway

Telomere length

maintenance
|

¥

Endometrial Cancer

Sine@s a hormone responsive cancer, it is i
hor mones on regul atinomi dafdoteEsCc®bé mdys em.e sS o mMe ma
that TA | evels and hTERT expression to incr
oestrogen responsive element (EREJgdIepe:ndaEnn:
2006) n addition, similar induction of TA wit
of hTERT was seen i n hu(manmuorvaarad.ta nMdmay,n cder®iOwie
mutati ons may affect tel omer ase s 00 mppornoetnetisn
frequently mutated in endometri al adenocarci
negatively regulates hTERT and TA, (8Sergdore
Rahmant o e(tTakeda 2e0tl 6al . |, 2016)

Evidence for Tel omeE@ | ength alteratioao
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The initial evidence f of Cwtael orneeproer tleedn gitnh 1a9

endometri al adenocarcinomas were found to h
ti s(simith and MYeh,erl99,M2)2002, Watnlgeed¢ tat abn $ hi
bet ween TA and telomere | engths i BCggnlaaeel o
TA and ECBB% dofal terationg¢Wangtet omBherkéemhaitvjes |
further st udcdoenmsp arwhdi cthh ehaevpei t hel i al cancer
stromal <cells, but stromal <cells are known t
di fferences in cell prol i(fAdbati emn(, Hhal'pAa, b g2daOndas o
et al. ,l t20u&y alELsor sphowt sdhotrha&tr 306 tel omer i
were even shorter in poorly differentiated o

features may have a (rHalsehiimbttourmdhml|l FICGCRO@ADHY) i

al so reported that sarcomas, testicular gerr
with | onger telomeres, whereas gyam&eefhC ogi ca
had shortest avdmBagd hted |.erMeurdda.tlieohdgstliibgf POT1
one of the most conservedEGshel aes i of pPOTEi mé
i nappropriate telomere access to telomerase
i nst gbillyintny et( Lalu. et2@I1DRu)r i 2@1 22a) ma l cred d pro
shorten with every division and reach a cri
checkpoints are triggered to |l ead the cell i
checkpoints are not workinagse,t hwisercea nf U retalde rt
of telomeres causE@Shay!l amer Wr degllsd menZz@ 0 s f un
cause genomic instability, for example, end
cell death. When associated with mutatoons s
i ncreased-sTtAabihleinscaet iroen of tel omeres. Tel omer
of the early phasvad | of et Rmdyerri @@drchshies, av 8ilBa
evidencsesmsmeg geasrncers such as breast, pancr e
associated withMesdakeart egi( valho,Hex&G EMeaker, 10
al .,, 2ebd)eas there are further studies for
suggest t hat | onger tel omeres, increased hTE

associated wi t(lKipmocerte.ralpr,o ®mols3i)s

I n some organs | i ke bl adder, 0 eed mpntea LS ,weg
significantly associated with E&dcidnog@énesdios
any association bet E&eWa nrge leatt ,iavMea | TdL2 Gaénfda arli.s,k
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(Prescott. efThate, ak®€106bntradictory reports
|l eukocyte telomere |l ength (ETQULJumnat .salgn, fa2 @

Tel omeric repegqTERRBRA(t a

For many year s, the telomeres were consider
Azzalin et al., demonst T&ERKd ztzhad t2 OtAFdy haels. & t
| ongcoadinng RNAs are transcdisbaedadf pommestubt sl
towards tel omeric t rraccth anUdA GEGGe rcegrepad s esde qaufe
RNA pol ymeAzzel ilnl et Scahlo.e,f t @0 7 )a.nTdE RBRIAaasr ceo

expressed in most mammalian tissues.

f TERR® A ructure and associated protei:!
MammalTER®BAr ange fronmAzG@GbBbp nt @anh@dkKh hei 20D& ¢
reported to be proportional (tAa ntolud20l le2rt)g taH
A smal l a mo ulrEtR RAfar @e Iblowlnadr t o t el omeres an
transcriptionally si(A&nzalmen agtiNealgadh2Oo@d)}»
20Q@Rorro et Tahe ,po2l0ytnde)Ahyt g U BG)a Bctdanpe s(tnmm uct
5° end offTERRAahemaesponcGkFbdbler iahnSTERBAI ity
formu@drupl exes with she(lBiefrfiin eato ogll:-€,5 02p0clo:
l ocalise wiAhz RIAIPA (ERicaadr eT RRPANTRat seem t
cell specific, for example around 30% HelLA
3 tToERIRACi whEkEO0@®WsoBOhuman osteosarcoma cel
cells di-4pl agpedalDn . EERRRVvelZ20@T)so0 fluctua
cycle phase and subtelomeric promoter me t |
(Nergadze .etThalr.e, a2®0%)bout 15 di fTTEERReANt t y
associated proteins and t hTeERRW™Waa ®s cdriivpetrisoel
regul steghtly differently at every chromos
mol ecul es whi ch TnEaRR Aarfofreec tt hcaenr t ati mer s for
knockdown has s-2dWm3TERRAEAdets bqgt has no e
TERRAchei be et al ., 2013)
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Figure 13. Diagramatic representationf&RRA shelterin complex and telomerase complex
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incr d&ERé&t ability and the canoni cal pol vy (A)
pol yade(nRdrarta oent al ., 2010)

1T Di ffdaERRAUDt ypes

Di ffEERBRRAanscripts welrOek bd eurpistede aanb awetgiSon of
10 distinct chromosomes (chr 1p, 9p, 12p, 16
al | of these transcripts incftkRPamcsrad &ty &RInt,0 2
contrast tocodihreg RMAg, ntomer e Wd&ERE Anaon sscprliipcti:
on analysis of thePosubotet ofnkc ¢ tc HBB tadgsac)kon ¢ @ b
humans, ToEWRRAI li8denti fied to date, TERRA tr a
feat(uMoenst er o etDallet i @ 1®6f) 209g | ocus resulted
i MERRArel s but also telomere shortening and
not decrease the | evels. This showelERRBAt 20
as it resul ted ITrERRiAgWME M rctaenrt o chtaDagleti in@04 6
amplifications of 209 subt el omeafe hhaaevneo tbelemg i
mal i gnancies and ment al retardation. On the
chr omesspoentei f i ¢ subt elT&RE&SI ce xpprriensesresd, ftrhoamt a |
tel omeres. TTHhRRAULeaowl ¢y dnmosno malc hermdhrvari es v
cel | type. The state ofTEREA@windcal pteélbomaeont
types but also among¢fFetrtelameietioovehiehe 2@ s
could not detect |ITfER&IAlI stoenheo neeu etsea leaxper neisas esdd
repetitive to delTsERRA pms enreir gt iaord stoamet-ed cl o
TTAG&S® making t hePGRTtccicftfiiomulbty. RT

T Regul aTEBRRAOf

LeveTBERBAe cell cycle regulated and transcr.i
(Nergadze .etMoaslt. | nT@RREigiudrmtomn comes from ¢
The transcription is shown to be regul ated

T R F (Bchoeftner and Blasco, 2008) n yeast c-21 | sexomRadlle asbe ne
reguTBERRAvel s and this is mediated by RAP1 a
Ri {2uke et,(abhl eskab.8pTtRFa4l,. ,i s20alnl )al t ernati ve
pl ays a rol e TIERRdoe gRatdlatd eofni coifent cell s. Ov e
degrades RNARR®Xepdruecsesdi on i n yeast cell s. Al
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pat hways that are active in eukaryotic cel

mammal i an and human cel |l s, tfihuedd easisu nmttiesnea

T FuneansTBRRAFIi gure 14)
TERRANd heterochromatin

TERMA Ve been reported to partici pTahteey immaymar
cont rtiobutteel omeri c heterochromatin formati on
TRF2, origin of recognition comp(Bgng ORC) al
200®0nNd al so by promot ({ Dbgn @3 &9, (&Ar hme B ;8 at abn
the regulation of cellular differentiation i
and heterocatrioama.t i DBurfiomgn early expansion of
TERRAVels decrease, whiTERPANUNDUISUVE8&®IlHied eme
down regul ation of H3 K9 me 3. These processes
t el omer e (Llemmgg aett i TRIA-TERRADRCIL Tojigin recognition compleix

ORC) interactions mainita HP1 and histones at telomeres, which in turn maintains DNA
stability (Deng et al., 2009)The main epigenetic difference between telomerase positive cells

and ALT cells is that telomerase positive cells have high levels of subtelomeric methylation

and display low levels o0fERRAcompared to ALT cellshis indicates that the consolidation

of heterochromatin in these cells inhibits telomeric transcrigtianet al., 2009)
TERRANd shelterin proteins

I n human tel omeres, |l oss of TRF1 increases
yeast s, RAP1(Rapl in yeasts) via TRF2 and
regul atory role ohStedmmerdSRagercagtuZ ERBRNt20 1!
associates directly with TRF 1 and 2, whi ch
bl ocatagia tel andATel ATH sandaRadBelated(A€E R Ho mo |l ogy
direct HdDRaedamh o mol ogous DNMHBHat h @wivshs grget al
2015)During ear|l VER®WA mdd BophaBRBPs, |l eads t ¢
SssDNA then release of POT1 (T& R&#+Aeavbell es tdeelcor nee:
hnRNPs are released which di EpRRAEac&Aul adt ms
|l ate S phase, hnRNRPasn thaignodniinsge d oa nsds DNA pir e s enc
the ssDNA displacing the RPA and prevents pe
cycl e ImMERRADINKRNPs arrangement | eads to telon
forks(RBrynweet al ., 2011)
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TRF1 i s iFnvalovwd dasitnFgGFowgmalflaichn@rpdt hway, whi

role in regulating humanr embwygbna(desrsg nevtc eall

2017)TRF1 is highly expressed in embryonic

st

TRF1 can be activated by FGF2 sTiEgRRANd i MRYF p at

bouhERRAQgat i velTy RRekgvuel last edsur i ng t he hESCs

es

TERRA |l evels |l ead to | oss of tel omeric chrom

an i mportant role in acquisition / nradlnltse,nan

which may DERRBeongvengal ., 2017)

TERRAlevels are found to be upregulated in HelLa cells upon TRF2 and TRF1 depletion but
not with other shelterin components like POT1, RAP1, TIN2, TRPdrro et al., 2014a)
Further on, in cells without telomere protection (TRF2 depleted cells), TERRA increase was
found to be due to enhanced transcription rather than imghrstedility thus maintenance of

the transcriptg¢Porro et al., 2014a)Jpregulation of ERRAtranscripts in TRF2 depleted cells
occurs independently of DDR pathways (e.g., P53/ATM /ATR) activation, hence TRF2 is
thought to be a direct negative regulator of TERRA transcrigfanro et al., 2014afPorro

et al., 2014h)Even though both TRF1 and TRF2 suppiEsBRRAtranscription, they do so via
distinct mechanisms. TRFH domain region on TRF2 was mainly responsible for inhibition of
TERRAtranscription and # same domain is also responsible for preventing ATM pathway
activation(Porro et al., 2014a)lherefore, this suggests thHEERRAmay work in parallel to

ATM kinase pathway and increase in its transcription may represent an early step in telomeric
DDR. TERRAincrease in TRF2 depleted cells is responsible for increasaditment of
SUV39H1 (histone methyltransferase) to uncapped telomeres, which directly birtelRR#

leads to chromatin reorganisation at dysfunctional telon{®@so etal., 2014b)

For mati o NoAf hBMbWA i ds

TERRATr ms-DRNAhybrd o®osper aR chr(dhes drmher ermadd

L

2012)Accumul atDNoAn hogfbr RHNA at tel omer es, | ead

telomere Il oss in absence of tel omerase and
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Figure 14. Schematic diagram of funcsoof TERRA
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Whereas, in absence of telomerasd@E&RR®&vperlessen
at shortened tel omeres that promoteg Yuhett el
al ., (BRI K) et. alAt, th®el 4)h d ER&¥e da ctcaulnoumheart eesd, i I
foci t hat contain telomerase,; t hus, these c
tel omeres fromnathe chnt eyl pr(Blgupshhased | of ede lall
Tel omerase preferentially el onfdgEaRtRedsy etlhse rsehdour
(Tei xeira (®oralo. et 21 4y e a2s0t1 Oc)eT ERRA a@lc Ra s | at
occurs lexxcdtusshwert tel omeres which contribut
Rad51 red@mhaifnade al .len ecEIRFRA Lt S antagoni stic
competes with telomeric DNA for ATRX binding
tel omeri cTERRRAbOMOLt S alternative l engt henir
suppr es 3 Aanngd DAOTRKu e t . Tadre are fugdameital differences in yeast

and human telomerases, as yeast telomerase is not regulatE&® By\(Pfeiffer and Lingner,

2012)

Formation of ribonucleoprotein complex

Studies in mice have shown that RNA binding proteins (RBPs) such as heterogenous
ribonucleoproteins are abundantly bound ERRAand have a role in its regulatifinopez de
Silanes et al., 2010)hnRNP Al, A2/B1, H and F in large quantitldad to TERRAbothin

vivo andin vitro. Each of these hnRNPs have their own individual specialist role as well as
common functions, such as maintaining MRNA homeostasis both in nucleus and cytoplasm
and interacting with other hnRNPs to form multiple alternatively spliced isoforms. hnRNP F
act as a repressor ®ERRAlevels and partly reduces their stability, whereas hnRNPs M and

D block the access GfERRAtranscripts to telomeres. Cells with shorter telomeres could be
rescued on knocking down most ®ERRAInteracting RBPs, which was depenten
presence of telomerase. Downregulation TERRA binding RBPs results in massive
mobilization of TERRAto telomeres, which in turn protects them from inducing telomere
dysfunction induced foci (TIKLOpez de Silanes et al., 201TA and telomere elongation are
regulated via the interaction of hnRNPs arERRAwith each other. When hnRNPs are in
excess, compared TERRAevels, they inhibit the telomere elongation througtirig to DNA
substrate, whereas wha@fRRAlevels are high, they can bind and inhibA. When both
hnRNPs andTERRA are in equilibrium, they form inert complexes, which allow telomere
extension by telomerase. Therefore, for telomere maintenance andtelongalanced levels

of TERRAand hnRNPs are requiré@edon et al., 2013)
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1T Rol eFERIFDAN t el omere | ength

I n yeast <cell s, RNA eneERRMACd emrs@emo tReas 1tpe | admeagrr
(Luke et. alWhemnROR8B)TERRAcCcmmuataeads and for ms
hybrid, which inhibits tel omeonas$e(nlawkge vett ya la
2008)

TERRATr ms-DRNAhybrd o®spesr aR chr(dhes drmher ermasd L
2012) Accumul - ®NAohybfi BEEAat tel omeres | eads t
and telomere |l oss, in absence of tel omerase
and in the presence oOofTEFHRRRe vdlher®me sb samt h ink
promotes the telomere el onhYwtetondlBynl kz2Edmail
2014) In telomerase profici elnkEtRRA | dcscumul athee
nucl ear foci that contain telomerase; thus,
the telomeres from which they Coasiagiehat.eeitn adt
Tel omerase then preferentialliysedquouamBRRAt h de
|l evel s are reduced( Wwaitxhe itred, odrie raelo.et.oh@W®4) oA 0

1 Role of TERRA, s it a recruiter or inhibitor of telomerase at the

telomere?

In yeast cellsTERRA were found to sequester and direct telomerase to the telomeres, which
needed to be elongaté@usanellietal.,2013) n mouse cell s, where hicg
RNAs are associated with | onger tel omeres, 1
activity by whd@&éQpaihrei RUODAGEGGHB alr ebpeat s regi o
compl emenh3aEREGIoeBoceeoand nBrascahi30@®hlenomeno
al so reported in human 293t cells (cells de
HEK293) TWRBRAenhibit telomer dRedboyn kit Ashilng t2¢
mentioned above, in wild type of budding yeast c@lEERRA inhibited telomerase by forming

RNA-DNA hybrids(Luke et al., 2008)

During the cell cycle phaseBERRA0gether with hnRNPAL (heterogenous ribonucleoprotein

Al) assist in displacement of RPA and binding of POTL1 to the ssDNA, leading to orderly DNA
replication and cappin@-lynn et al., 2011) In another studyf ERRAwas found to be induced

in cells with short telomeres and acted as a scaffold for spatial organisation of the telomerase

components forming BERRAtelomerase complex, which helped in recruitment of telomerase
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to the telomere of its origiCusanelli et al., 2013)Therefore,TERRAIis proposed to be a
recruiter of telomerase enzyme to telomeres and for telomere elongation, rather than being an
inhibitor (Cusanelli et al., 2013)

Contrary to the lab based studies using yeast cells, in mouse cells and 293t CEER R#e

like oligonucleotides have been shoterinhibit TA using TRAP and telomerase direct assays
(Schoeftner aifLdke & lala 2008)(Redof 6t&l§ R010)n a study using
alternative human cellular systems such as tiTEL system, which aimed to determine whether
TERRAaffect TAin vivo, demonstrated telomerase led telomere elongation is not affected by
the transcription of the telomeres in human cancer loeks such as HCT116 (human colon
adenocarcinoma) and HelLA cells (human cervical car{€@mnung et al., 2012) In these

cells, it is postulated that shortening of telomeres may not be due to telomerase inhibition, but
due to impaired replication due to integraf the chromosomes affected by high levels of
TERRA (Farnunget al., 2012)

T TERRAd carcinogenesi s

TERRAlevels have been studied in various cancers, and they have been found to be closely

related to tumourigenesis and levels appear to vary between individual cancer types.
Cancers with highTERRA levels

TERRAIlevels in human ovarian normal, cancer (primary and metastatic) samples were
compared by Deng et al in their studyeyreported that ovarian cancers (both primary and
metastatic) had higher levelsBERRAcompared to normal ovarian tisgizeng et al., 2012)

The same study also compared primary human cancdrsnatched normal tissue control
biopsies from stomach, lung, and colon. This reiterated TB&®RAlevels were higher in
cancers compared to matched tissue sanipleisg et al., 2012TERRAevels were analysed

for several differentelomeres by chromosome specijicantitative reverse transcription PCR
(gRT-PCR), however there were no consistency across which telontER&RAwas elevated,

even if cancers were from the same organ. Therefore, they conclud@&RRAexpression

is increased in different human cancers, and they can be expressed from any chromosome, but
this was variable amongst different cells and cancer {fpersg et al., 2012Recently, Bae et

al reported a higher 18fERRAlevels in colorectal cancers, and that was associated with long
telomere length and seems to be temédyi significant, independent prognostic factor for long
term oncologic outcomg8ae et al., 2019)n a lung cancer study using the TCGA repository,

levels of TERRA15q, 1§20-10¢0-13qg, andTERRA20qwere evaluated in tumour and normal
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adjacent tissues of patits with norsmall cell lung cancers (NSCLG¥torti et al., 2020)
They also reported an increaseTERRAL1G-2¢10013q lewls and borderline increase in
TERRAZ20q levels in lung squamous cells cancers (LUSC). They finally concluded that
telomere maintenance genes were differentially expressed in NSCLC andlEftRAmay

be a potential biomarker for LUSGtorti et al., 2020)

Cancers with lowTERRA levels

Schoeftner and Blasco compared different stages of human cancers in larynx, colon and lymph
node with normal tissue, wherein they reported that TelRNAs were significantly
downregulated in advanced stages. However, in the information provided in their paper, the
results from normal tissuevebeen compared to low and high grade tumour rather than stages
of cancernSchoeftner and Blasco, 2008 another study, Sampl et al reported tdtARRA

levels in grade 4 glioblastoma multiforme to be, B4-, 313fold lower when compared with

grade 3, grade 2, and namalignant tissue respective($ampl et al., 2012 Amongst the 2p

and 18p specifi TERRAlevels, only 2pTERRAlevels correlated with tumour grade, hence
they concluded thafTERRA expression in gliomas to be chromosome specific and
epigenetically regulate@bampl et al., 2012)Another study on mice osteoblasts, demonstrated
that TERRAtranscription to be Rb1 dependent, th&RRAis upregulated by p53 to protect
genomic stability and that Rb1 loss resulted in decreaBERRAtranscription, which affects

the telomere homeostagisutton et al., 2016)(GonzalezVasconcellos et al., 2017pther
sarcoma type tumours such as Ewingods-sarcor
containing proteins, which were able interact with Gquadruplex TERRA structure
(Takahama et al., 2013)Takahama and Oyoshi, 2013)

It has been recently found that hepatocellular carcinoma (HCC) to be associated with
significantly lowlevels of TERRAcompared to peritumour tissug3ao et al., 2020Jn HCCs,

low TERRAlevels were associated with significantly poor disease free survival and overall
survival than those HCCs that were associated with TiEfRRAlevels(Cao et al., 2020)in

the same studyERRAlevels positively correlated with TRF1, and inversely correlated with
TRF2. This study concluded that downregulatiomBRRApromoted HCC cell growth and
metastasis botn vivo andin vitro due to increase@A and promoted telomere elongation
(Cao et al., 2020)

Cancers with variable TERRA levels:
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A study in head and neck squamous cell carcinqiMBSCC) could be grouped into cancers
with low TERRAand cancers with high/similar levels BERRAwhen compared to adjacent
normal tissugVitelli et al., 2018) Tumours with lowelTERRAIlevels had worse clinical
outcomes, and compared to this group, the tumours with higher #VEERRAhad a better
prognosis. With these results, the authfets that TERRAlevels can be considered to be a

potential molecular prognostic marker for HNSQGtelli et al., 2018)

Glioblastoma multiforme tumours with detable TA and short telomeres had worse
prognosis, whereas tumours with low or absent TA in presence of long telomeres (indicating
and active ALT mechanism), were associated with a favourable pro¢gBasisl et al., 2012)
Detectable TA and loWERRAIlevels predicted a worse survival outcome, but on the other
hand, undetectable TA and hifERRAevels were associated with the best survival outcome
(Sanpl et al.,, 2012) therefore they concluded thafERRAlevels together with TA in

astrocytomas may have a prognostic significance.

In different types of cervical cancer cell lines, there was an abundaideRiRAand their
stability was variable amagst different cervical cancer cells. However, there was no

correlation of telomere length witERRAlevels(Oh et al., 2017)

TERRAlevels were high in tumours such as sarcomas and glionssarih associated with
relative longer TL and the same was also true with somatic alterations in ATRX/ DAXX genes

as they have been related to ALT telomere maintenance mech&@asimel et al., 2017)

Considering the evidence from different studies, the observed variation at least partly may be
due to factors such as the differences in techniques used to as§&sRRA=xpression. They
includeRNA fluorescence in situ hybrisition (RNA FISH), northen blotting, gRFPCR, dot

blotting. However, it is likely that th# ERRAexpression in human cancers is complex and
depends on the cancer type, the telomerase and telomere biology of the cancer types and so

some of the patient emorbidities(Deng et al., 2012)

With this background oT ERRAIN carcinogenesid, aimed to explore wheth&fERRAwas
expressed in human endometrium, examined the alteraticfEBRA levels specific to

endometrial carcinogenesis, using patient derived biospecimens.
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Chapter 2. Hypotheses
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ResearchHypotheses considered in this thesis

A Pre analytical variables, such as timing of endometrial samples and method of

sampling,change endometrigleneexpressioranalysed by gPCR iBC samples

A Harmonisation of the process dbbanking ofbiosamples relevario EC research is

possible

A Core component of telomerase enzym&ERClevels are altereavith endametrial

carcinogenesiand thus may be a relevant biomarkeEGf

A Long noncodingTERRA levels composed of subtelomeric and telomeric repeat
sequenceare also alteredith endometrialcarcinogenesiand they may be biomarkers
of EC

A SinceECis a hormone responsive cancer, endométfi@iRCandTERRAranscription

is hormonally regulated
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Chapter 3: Preanalytical variables andtheir effect on gene

expression in endometrial biospecimens
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Introduction

With 99,000 new cases per year in Europe (2012) and nEap0in the Lhited Kingdom

alone (208-2018, EC is the most common gynaecological malignancy. Over thddaatle,
incidence rates have increased by over 50%, making EC the fourth most common malignancy
in females in the UKCRUK, 2016- 2018) (LortetTieulent et al., 2018)Survival in EC is

90% in stge 1, thereafter it decreases in every stage to 15% in st@dgéicke for National
Statistics, 2019) Endometrial research is fundamental to discover and improve our
understanding of the pathogenesis of EC, particularly waiflocus on novel prognostic
indicators and therautic targets. Biospecimens from patients are essential to conduct
translational research to achieve tfikerefore, biobanks play a vital role in EC research for

the translation of laboratory scientific findings to clinical practice.

The use of banked human tissue represents an invaheablercdor the understanding of the
underlying pathogenesis in ECee et al., 2015bHowever, the validity of data generated with
paient samples depends greatly upon specimen quidiyy variablesinfluencing human

tissue biopsies can result in altered protein and gene exprehksioto RNA degradation
(Jewell et al., 2002)Wide variation in the collection, processing and storage can results in
divergent and irreproducible datéAdishesh and Hapangama, 2019nequality of
biospecimens is one of the biggest flaws in biomarker discovery, and this can lead to bias prior
to analysifRansohoff and Gourlay, 201larmonisation of biobanking standards is vital to
facilitate data sharinghus expedited advances in resedfifeldon et al., 201 1jAdishesh et

al., 2017) (Adishesh and Hapangama, 2019)

Preanalytical variables are defined as factors which have an effect on tissue samples before
analysisduring sample collection, processing, or storage. The understandingasfgdyéical

factors is necessary because the molecular composition of tissues may be altered with their
variance, ultimately affecting downstream analy§sizzle et al., 2016)Numerous studies

have reported many factors influencing gene and protein expression data, these are wide
ranging and may be biobanking specific or secondary to the peli@rsictestics (Almeida et

al., 2004) (Ma et al., 2012)(Lee et al., 2015h)GrizZe et al., 2016)(Pedersen et al., 2018)

Warm ischaemia is defined as the time a tissue is at body or room temperature with a
compromisedblood supply before tissue collection and processing sl proposedto
significantly alter gene and protein expresg{blniang et al., 2001)Schlomm et al., 2008)
(Glndisch et al., 2015)Grizzle et al., 2016)(Pedersen et al., 2018Posthysterectomy
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endometrial biopsies undergo warm ischaemia as a result of a delay from devascularisation to
resection of the uterus and eventual tissue collection.

In this study we report the effect of pre analytical variables sudimasg of the ample
collection (pre or post hysterectomgndthe differentsampling methodgpipelle samples or
full-thickness biopsies)nthe geneexpressional analysis in the endonatsamplesSince, |
intended to examine the expression of the mRNA levels foRCTBnd TERRA in my PhD
project, the effects of the penalytic variables considered here on the gene expression levels
would inform the best methods of sample collection and sample selection for the studies
described later in the thesis.

Therefore, in ths study, ve examined the expression of three downstream gegakated by

HIF-1. HIF-1 generates an inflammatory response and angiogenesis in response to hypoxia
through transcriptional activation of angiogenic genes, such as downstream target and gene of
interest, vascular endothelial growth factor YYEGFA and carbonic anhydrase €A49).
VEGFAIis a dominant inducer of blood vessel growth, mediating angiogenesis frem pre
existing vessel§Shweiki et al., 1992)The enzymeCA9, is a transmembrane protein induced

by hypoxiathus,is also a cellular biomarker of hypoxia, particularly in tumours and one of the
most sensitive endogenous sensotsypioxia inducible factor IHIF-1) activity (Kaluz et al.,

2009) Progesterone receptoPR) protein is typically reducedin advanced EC and is
associated with poor prognog¥ang et al., 2014and has been chosen for analysisaose of

its prognostic relevancd-urthermore, it also is a hypoxia related gene regulated by HIF1
(Henriquez et al., 2017)

Overall, there are limited studies analysing the effects chpadytical variablesn patient

derived biesamplesand they argoarticularly unexplored in the endometrium. Patient tissue
samples demand high standards of biobanking for their effectivia tre@slational medicine.
Stringent and consistent standards for collecting biospecimens are paramount and current
practices must be validated. We require a better understanding-afgiggical variables to

meet necessary standards and minimise thectetfe specimen handling on expressional
analysis.The aim of this study is to examine the effectppé analytical variable®n

downstream analys@n benignendometim andEC samples

Methods

Patient population

Details of the Ethical approval is desd in pagel5. Group 1 consisted of6 women

undergoing hysterectomy for benign patholodies., prolapse, heavy menstrual bleeding,
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without known endometriahbnormalitie} including 4 myometrial sampleand Group 2
included31 womenwith a diagnosis of EQndergoing hysterectonas the surgical treatment,
not having had previous chemo/radiotherépgble 1) Prehysterectomy samples were taken
usinga pipelle endometrial suction curette after induction of anaestiresith women.Pog
hysterectomy samples were collectedmediately after the uterus was removed from the
patient in theatre. ®m thesurgically removediuterusendometrial samples were collected
using two previously described and wastablished methods; one usingipele in both
groupsanda furtherfull thickness posthysterectomyiopsywas harvested onfyomwomen

in Group 1(Table 1) The full thickness biopsy was taken by removing a wedge sHajped
thickness section of endomeatrimucosaspanningthe lumen to the myometrium, including
bothfunctional and basal layers of the endometrium

Table 1. Groups of patients and types of endometrial samples collected

Prehysterectomy Pipelle endometrial samples, n = 12

Group 1: Benign
pathologies Pipelle endometrial samples only, n = 2

Post hysterectomy | Full thickness and pipelle endometrial samples, n 3
Full thickness endometrial samples only, n = 4
Myometrial samples, n = 4

Pre hysterectomy Pipelle samples, n =13
Group 2.EC

Post hysterectomy | Pipelle samples, n = 28

Out of 12 benign pre hysterectomy samples, two samples were excluded as one of the samples
did not have sufficient amount of tissue, but contained mainly blood, and the second sample
had poor quality of RNA. Additionally in another recruited woman, we talg the post
hysterectomy samples of a pipelle and full thickness biopsy but did not have paired pre
hysterectomy pipelle sample. This patients samples were included in the analysis to compare
the data derived from matched post hysterectomy samplestedllasing the 2 different
methods Amongstthe 31 EC samples, six were excluddzbcausdour were unpairedonly

pre or post hysterectomy samples were obtajnedk sampleontainedcomplex atypical
hyperplasia only, and one pair wasnoved due to themot being labelled legiblyexcluded

n=6). Of the remaining 25 EC samples, 11 sampla® excluded fronPCRanalysisas the

RNA quality was poarThereforethe final analysis includesRNA levels using gPCR from
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9 benign,14 EC paired samplemnd four myometrial sampleBetails of samplesollected
excludedand used for PCRre given intable2A and2B.

Following FIGO guidance (Zaino et al., 1995) gynaecological pathologists allocated
histological descriptors for EC type and grade. Normal endometrial samples were assigned
phases according to histological features and last menstrual date as ddsci@nal et al.
(Kamd et al., 2016a)

Patient clinicepathological and demographic details weodlected from the patients at the

time of recruitment and verifiday review of hospital notes and clinical databases. None of the
patients received hormonal treatment, chéma@tpy, oradiotherapy before surgery. See Table

3 for patient cohorts and demographics.

=

(=l
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PCR

CA9

VEGFA

PR

14

14

14

14

14

Table2B Final number of total samples used for PC

analysis

Table 3 Demographic details of patients included in the study

Sample| Age | BMI Hormones Stage of cycle PCR
no
1 43 37 nil Unknown Y
2 47 28 nil Proliferative Y
3 43 20 nil Mid cycle Y
4 37 33 nil Proliferative Y
5 40 21 nil Secretory Y
6 24 24 nil Unknown Y
7 34 32 nil Unknown Y
8 34 29 nil Proliferative Y
9 40 24 nil Mid cycle Y
10 36 31 nil Proliferative Y
Sample Age BMI Type of cancer Stage of| PCR
no cancer
1 68 23.9 Endometrioid adenocarcinoma, gradg 1B Y
2 79 51.4 Carcinosarcoma 1A Y
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3 76 26.7 Serous carcinoma 1A Y
4 59 36 Endometrioid adenocarcinoma, gradg 1A Y
5 83 - Carcinosarcoma 1A Y
6 73 37 Endometrioid adenocarcinoma, gradg 1B Y
7 67 23.3 Endometrioid adenocarcinoma, gradg 1A Y
8 59 41.9 Endometrioid adenocarcinoma, gradg 1A Y
9 73 34 Endometrioid adenocarcinoma, grade 1B Y
10 58 36 Endometrioid adenocarcinoma, gradg 1B Y
11 67 28.2 Endometrioid adenocarcinoma, gradg 1B Y
12 73 36.3 Endometrioid adenocarcinoma, gradg 1A Y
13 74 34 Carcinosarcoma with heterologous 1B Y
differentiation
14 65 25.8 Endometrioid adenocarcinoma, gradg 1B Y

Collection and transportation of EC tissue samples

EC tissue samples were collected from patients attending for their primary surgery in theatre,

before and after surgery. All EC tissue samples were collected using pipelle sampler. Paired

pre and postoperative biopsies were collected from women withrodiagf EC immediately

before and immediately after the uterus was removed from the patient at hysterectomy and

placed in (1) RNA later solution kept on ice and (2)neutral buffered formalinNBF) and

transferred to the University of Liverpool labastatL i ver pool

Wo nh&/H)0 s

Ho s

using a safe method approved by transport regulations (Recommendations of a United Nations

Committee of Experts on the Transport of Dangerous Gdod¥N model regulations)

immediately for processing.

The pre operate biopsy was fixed immediately after obtaining the sample in the theatre and

post operative biopsy sample was obtained as soon as the uterus was removed from the patient

and fixed into the above solutions immediately. Immediately following removal thples

were placed in neutral buffered formalin (NBF) or RNA later. RNA later was aspirated prior

to storage at80°C until RNA extraction. Samples in NBF were stored“& for 24 hours and

subsequently processed and impregnated in paraffin wax for lonmg $®rage at room

temperatureThe laboratory is situated in the same building as the operating theatres with

minimum transport time (typically about 5 minutes on foot).

Tissue processing and storage

After the tissue samples were transported tdaheratory, sample IDs were checked, and the
accuracy of labelling of different tubes werecanfirmed by the trained lab personnel
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receiving the sample in the lab. The details such as sample ID, date of collection, type of
samples and name of the pergoocessing the samples were entered into the sample reception
log. Labelled RNA later samples were placed in a refrigerator for 24 hours before the solution
was aspirated and cryotube stored8@°C freezer. The portion of tissue placed in NBF was

left for 24 hours in fridge allocated for the sample reception and processed the next day. The
freezer log was updated, and location of the tissue noted after each sample was collected and

different tubes were stored i80°C freezer.
RNA extraction and quantification

RNA extraction is an important step in production coimplementary DNA dDNA) for
subsequent PCR. RNA can be extracted using multi component kits, which are quick and
reliable.Silica-cartridge purification of RNA is the recommended RNA purifamaimethod in

the gene expression industijhe commonly used TRIzol reagent maintains RNA integrity,
disrupts cells, dissolves cellular components, and inhibits RNAses. WéR&aa Plus RNA
Purification Kit (Invitrogen Ltd., Paisley, United Kingdom)llfiwing the manufacturer's

protocol.

Tissues treated with RNAlater were homogenised using 1 ml of TR3atdroform (0.2mls)
(Sigma, Poole, UK) was added and mixed for 60 sec followed by incubation for 5 min at room
temperature. Samples were tloemtrifugated at 12,0009 for bain at 4°C. The upper aqueous
phase containing RNA was transferred to a new RNAse tbe. An equal volume of 70%
ethanol was then added and vortex&dout 700e lof RNA/ethanol solution was loaded into

a purelink RNA mii kit spin cartridge and centrifuged at 12,000g at room temperature for 30
seconds. The spin cartridge has a silica based membrane to which RNA binds. The flow
through was discarded and this step repeated till the whole sample was processelbf 700
wad buffer 1 was then added to the cartridge and centrifuged at 120009 for 30 seconds at room
temperature. This was then followed by washes with wash buffer 2 and centrifugation to dry
the membrane. The spin cartridge was then transferred to new reco\esyniokre 3@ lof

RNAse free water was added to the centre of the spin cartridge and centrifuged for 2 mins at
12,000g at room temperature. The purified RNA was store80hC freezer.

RNA concentration and purity was determined udi¥anoDrop NDB1000 (Thermo Fisher
Scientific, Loughborough, UK). A@/A280 ratio of 2.0 was considered as suitable for

downstream reactions.

DNAse treatment
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This step is to treat the RNA extracted with DNAse enzyme so as to ensure the removal of all
genomic DNA.8I RNA was treated witde | o f R QINAEEN &rzyane) in presence

of 1& 10 X DNAse reaction buffer and was incubated &C3for half hour. 1e Istop buffer
(Promega, Hampshire, UKyas added and placed in°65for 10 mins to stop the reaction.

The 11¢ RNA was then either stored ir80°C freezer or used for cDNA synthesis.
CcDNA synthesis

MRNA isolated was converted to cDNA in a reaction catalysed by reverse transcriptase. The
reverse transcriptase enzymets on a single strand of mRNA, random hexamers and DNA
bases were added to bind to different parts of sequence acting as primer to generate the
complementary DNA strand. 1000ng RNA, random hexamer primers and nuclease free water
were madeip to8 ¢ Wolume in total. This was incubated at 70°C for 5 mins to denature RNA.
Further on 1 lof AMV reaction mix and Z lof AMV enzyme mix was added. To the
negative control sample, instead of the enzyme mix )i nuclease free water was added (no
reverse transcriptase (NRT) control). 2dmix was then incubated at 25°C for 5 mins, 42°C

for one hour. The enzyme was a¢tigated when incubated at 80°C for 5 mins. This was then
diluted with 30e lof nuclease free water to make &0n total and stored iF20°C freezer till

used for PCR.

PCR

The PCR is a commonly used technique for amplification of DNA, cDNA or wholengeno
This method was developed by Kary Mullis in 1983. This process uses DNA polymerase
enzyme to synthesise complementary new strand of DNA from the substrates. DNA
polymerase adds nucleotides to the 3" end on a custate oligonucleotide strand wherisit
annealed to a longer DNA template. The steps in PCR were: 1) Denatu2iihtemplate

was heated to 9€. This breaks the weak hydrogen bonds that hold DNA strands together,
creating two separate single DNA strands. 2) Annedlifige mixture was aaled to 5070°C.

This allows the primers to bind to their complementary sequence in the template DNA. 3)
Extensioni The reaction was heated to°60) which is the optimal temperature for the DNA
polymerase to act. DNA polymerase extends the primers, @ddicieotides onto the primer
using the DNA as template. In one cycle, single DNA strand was amplified to two double
stranded DNA, which are further amplified. As cycles go on, more copies are generated, and

the increase is exponential.
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gRT-PCR and optimisation

This type of PCR allows both detection and quantification of DNA. The quantity can be
absolute number of copies or a relative amount when normalised to a reference ggiRa. The
PCRprocedure is similar to PCR, the only difference being that the amplified DNA is detected
at the end. Products are detected by a nonspecific fluorescent dye such as SYBR Green, that
binds to the double stranded DNA. Increase in DNA product leads to iadretisorescence
intensity and is measured each cycle, thus quantifying the amount of DNA produced. All
sample preparation is carried out on ice in an RNase/ DNase free area, using DNase/RNase
free sterile filter pipette tips. All reagents needed wereoveh and thawed on ice. Before
commencing anywork, the PCR hood was cleaned with trigene and ethanol and UV light
treated for 10 minutes. In each run, in addition to target samplesteanptate control and a

no RT control were also run. To prevent pipet error, master mixes were produced
(containing iTaq, forward, reverse primers and nuclease free water). For each reaction 3
technical replicates were performed to ensure results were reproducible. For every template
sample a reference gene primer was Housekeeping genes ligeptidylprolyl Isomerase A
(PPIA), actin were used to ensure the same amount of cDNA is loaded between template
samples. 9ul of master mix was added into each well and 1pl of cDNA is added in triplicates
into separate wells to ake the final volume of 10 ul in each well. For no RT control 1pul of
NRT control sample and for no template control 1 pl of nuclease free water were added. After
all samples were added into the 96 well plate, it was covered with adhesive plate sealing film
Once centrifuged to make sure the samples are at the bottom of the well, the plate is loaded
onto the thermocycler. The reaction was set as per conditions optimised for each target at 40
cycles. There are different methods for analysing the gPCR data, tipp G gpBethod
assumes the primers of the target gene and reference gene areffi€i@¥ giving a relative
quantification. The Pfaffl method uses standard curve to determine the efficiency of the primer.
Primers were used with different concentrasi@f cDNA; a linear graph is produced and the
correlation coefficient and efficiency of the primers calculated from the slope (E=p¢).

The last method is the standard curve method which uses same principle as the Pfaffl method
but involved doinga standard curve in every reaction. The Pfaffl method was used for all gPCR
based work in this study.

Forward and reverse primers and reaction conditions are listeédbiea 3 and table 4

respectively
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Relative mRNA transcript expression 'dEGFA CA9 and PGR was calculatedising the
PpCT met hod,

nor mal i

CFX Manager (BieRad, Hertfordshire, UK)

Gene expression analysis

For gene expression studies, relative quantification is cereddo be the best methdDC;

sed

t o

t he

reference

gen

method is the post popular method used to compare the results of the samples with a calibrator

and the geometric mean of the normalisers. Both the sample and calibrator are adjusted in

relation to the mean of the normalis&k from the same samples. The resultDidC: value is

incorporated to determine the fold difference in the expression.

Fold differences =

-?DC’[

DDC: = DCt sample DC: calibrator

Ct sample= DCi target~ DC: reference

Ct calibrator= DCt target™ DCt reference

Table 3. Primer Information

Target | Primer Sequence/Assay Information II\D/Irilxnégr Company | Reference
Fwd |5 -&AGACAAGGTCCCAAAGAC-3 Separate:
PPIA , fwd and Sigma (Jacob et al.,
Rev |5-@®CCACCCTGACACATAAA-3 rev 2013)
. | Separate: (Arnoult et
F TA AACACAGTGCT
ACTB wd | 5-9GTACGCCCAACACAGTGCTGS fwd and Sigma al., 2012)
Rev |56 GCTGGAAGGTGGAMACAGT rev
Fwd |5 -&€AGTGGGCGTTCCAAATGAS
PGR 50 Combined | Sigma (Teggggson €
Rev | TGGTGGAATCAACTGTATGTCTTGA al., )
3I
Assay ID: gHsaCEDQ0043454 Commerciall
VEGFA | Assay| RefSeq: NC_000006.11, NG_008732.| Combined | Bio-Rad available y
NT 007592.15
Assay ID: gHsaCID0017667 Commerciall
CA9 Assay| RefSeq: NC_000009.11, NG_011620.1 Combined | Bio-Rad y

NT_008413.18

available
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Statistical analyses

Data across differerGtr agpprho PRr&GrRBRph sPradl Psed nus

La Joll a Cadsiifrog ani@ame tUISIAgWhtietsntesy (WMWlilemon and |/

matched pairedtegtss. The criterion for significance wa
Table 4. gPCR reaction conditions
Initial Denature Anneal/ | Cycles| Extension
Denature Extension
PPIA 95°C 2min 95°C 5s 60°C 30s 40
(O]
o ACTB 95°C10 98°C 5s+ 60°C 30s 40
O min 95°C 10s
g PGR 95°C 6min | 95°C 10s 60°C 20s 40 72°C 30s
©
a VEGFA 95°C 2min 95°C 5s 60°C 30s 40
CA9 95°C 2min 95°C 5s 60°C 30s 40

Abbreviations:PPIA, peptidylprolyl isomerase AACTB betaactin;PGR progesterone receptor;
VEGFA vascular endothelial factor £A9, carbonicanhydrase 9.

Results

VEGFA and PRmRNA levels were significantly increased in the endometrial

samples taken after hysterectomy

When the prénysterectomy endometrial biopsies were compared with the paired post
hysterectomy biopsies (n=23 pairf)e VEGFA (P=0.005) andPR (P=0.06) mRNA levels
were significantly increased in the post hysterectomy samples (Figufiéi&)sample set
included biopsies from women with and without endometrial patholdgnere was no
significant difference ICA9MRNA levelbetweerthe pre and post hystectomy biopsies.

The observed difference in gene expression was apparently specific to endometrial
samples from women without EC

To assess if the observed difference in gene expression levels associated with the timing of the
endometrial sampling wapeacific to either benign or EC, the study cohort was split into benign
and cancer groups and analysed separately. In the benign gredyysterectomypipelle
endometrial biopsie§=9) were compared with the paired pbststerectomypipelle biopsies

(n=6) while the cancer samples, pre and post hysterectomy were all pipelle samples.
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Figure 1. Effect of timing of endometrial samples YBEGFA CA9andPRexpression levels.
When pre hystexctomy samples were compared with paired post hysterectomy samples
(n=23), there is significant increase WMEGFA (** P= 0.00, Wilcoxon matched paired test)
andPR(*P=0.056, Wilcoxon matched paired test) levels in post hysterectomy samples whereas
no sigiificant difference was observed @A9 levels between pre and post hysterectomy
samples.

Amongst the benign endometrial samplbes;é was an apparent but not statistically significant
increase iIVEGFA(P=0.06 mRNA levelsin the post hysterectomy pipelle samples, however,
there was limited number of post hysterectomy pipelle samples available for the analysis
(Figure2).

Whenthe EC group was considered, the expression leveEEFA CA9 and PR in pre

(n=14) and post hysterectomy pipelle (n=14) samples were similar (Figure 3).
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Figure 2. Effect of timing of samples oWEGFA CA9 and PR expression levels in Benign
endometrial samples. When pre hysterectomy samples (n=9) were compared with paired post
hysterectomy samples (n=6), there was a slight increddeGiA(P=0.06,Wilcoxon matched

paired test)CA9 (P=0.19, Wilcoxon matched peed test) andPR (P=1, Wilcoxon matched

paired test) levels in post hysterectomy samples.
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Figure 3. Effect of timing of samples oWEGFA CA9 and PR expression levels ifeC
samples. When pre hysterectomy samples (n=14) were compared with paired post
hysterectomy samples (n=14), there was no significant differencéE@FA (P= 0.09
Wilcoxon matched paired tes§A9(P=0.10 Wilcoxon matched paired test) aR& (P=0.43
Wilcoxon matched paired test) levels in post hysterectomy samples.

Use of different sampling methods in benign endometrial samples shows significantly
higher VEGFA and PR expression in full thickness samples

Comparison of pre hysterectomy endometrial pipelle samples with post hysterectomy full
thickness endometrial samples in healthy women with begigraecological conditions
showeda significant upregulation oWEGFA and PR (VEGFA **P=0.002, PR *P=0.02)
MRNA levels Subsequentlywe investigaéd whetherthis upregulation ofVEGFA and PR

could be due to myometrial contaminatittmat is possible irfull thickness endometrial
samples.A significant increasen VEGFA mRNA expressionlevels were obseged in
myometrium samples when compared tclpysterectomyipellesamplegVEGFA*P=0.01).

In contrastthere was no significant difference myometral PR mRNA expression levels

when compared to the pre hysterectomy san{plB?=011) (Figure4).
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Figure 4. Comparison oWEGFAandPRexpression levels ibenignpre hysterectomy pipelle

(Pre P), post hysterectomy full thickness (Post F) and myometrial (Myo) saMpBés-A
expression significantly high in post hysterectomy full thickness samples and myometrial
samples compared to pre hysterectomy pipelle sampiesysterectomy pipelle endometrial
samplesss post hysterectomy full thickness endometrial sasgté=0.002, MannWhitney

test; pre hysterectomy vs myometrium sampiEs0.01, MannWhitney test) PRexpression

was significantly high in post hysterectomy full thickness samples but no significant difference
in myometrial samples compared to pre hysterectomy pipelle sanlesysterectomy
pipelle endometrial samples post hysterectomy full thicknegndometrial samperP=0.02
MannWhitney test; pre hysterectomy vs myometrium sampe®11, MannWhitney test).

Testing the hypothesis thatEC studies can be affected by imprecise timing of sample
collection and variable sampling methods

We examined the effects of preanalytical variables of timing and the endometrial tissue
harvesting method on a typical biomarker study examining the differential expression of two
biomarkersVEGFAand CA9in EC, to test the above hypothesis. The data &eatysed in

the following three possible ways to illustrate how these variables can affect the final results
obtained in a typical biomarker study.

Example 1.Differential expression of genes of interest when endometrial samples were
collected before hyterectomy (Figure 5)

WhenVEGFA CA9andPRmMRNA expression levels are measured between benign and cancer
samples collected prior to the hysterectomy using pipelle endometrial samplers, a significant
upregulation oVEGFAandCA9levels YEGFAP=0.0, CA9P=0.00L; Mann Whitney test)

were observed in theancer samples, in comparison with the benign endometrium. There was
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a slight downregulation oPR mRNA levels however this difference was not statistically
significant £=0.47).
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Figure 5. Comparison of effect of timing of samples MEGFA CA9 and PR mRNA
expression levels by gPCR in normal dB@ pipelle pre hysterectomy samples. When pre
hysterectomy normal pipelle samples (n=9) were compared with pre hysterde@pigelle
samples (n=14), there was significant upregulatiovVHGFA (** P=0.003, Mann Whitney
test), CA9 (*** P=0.00L, Mann Whitney test) but no significant dropRiRR (P=0.47, Mann
Whitney test) expression levels in pre hysterectomy cancer samples.

Example 2 When endometrial samples were collected aftdrysterectomy (Figure 6)
Contrastingly, when pipelle samples were collected from a uterus that was detached from the
patient at the end of hysterectomy, there was a significant downregula¥&GRAMRNA

levels was observed in cancer sampies(.03, Mann Whitney test) when compared with the
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benign endometrial sampleslowever, there was no significant differenceGA9 and PR

levels.
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Figure 6. Comparison of effect of timing of samples\WEGFA CA9andPRexpression levels

in benign andEC pipelle post hysterectomy samples. When post hysterectomy normal pipelle
samples (n=6) were compared with post hysterectB@ypipelle samples (n=14), there was
significantupregulation inVEGFA (* P= 0.03, Mann Whitney &st) but no significant change

in CA9 (P=0.08, Mann Whitney test) arfeR (P=0.71, Mann Whitney test) expression levels

in post hysterectomy samples.

Example 3. When benign endometrial samples were collected either as full thickness
biopsies or agipelle biopsies after hysterectomyKigure 7)

In patients with no known endometrial pathology, there were two endometrial tissue sampling
methods that could be used, a pipelle sampler or taking a full thickness wedge biopsy. These
are commonly utilised ntleods in benign endometrial resear@&rmstrong et al., 2017)

(Maclean et al., 2020he uerus should only be opened by a trained pathologist in cases of
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suspected or known cancer for clinical staging that has a direct influence on further treatment
and predicting prognosigherefore, in cancer patients, researchers usually collect a pipelle
endometrial sample for immediate placement in RNA later for qPCR studies, preserving the
uterus intact for pathological staging. When the full thickness post hysterectomy benign
endometrial samples were compared with post hysterectomy cancer samplesl etithitiee

pipelle sampler, there was a significant increaseA® mRNA levels P=0.012, Mann

Whitney test) and a significant decrease was observeRlavels P=0.0@2, MannWhitney

test).
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Figure 7. Comparison of effect of timing of samplesMWBGFA CA9andPRmMRNA expression

levels in normal post hysterectomy full thickness endometrial sampleE@uipelle post
hysterectomy samples. When post hysterectomy normal full thickness endometrial samples
(n=8) were compared with post hysterectda@ypipelle samples (n=14), there was significant
upregulation in,CA9 (*P= 0.01, Mann Whitney test) and signifant downregulation PR
(**P=0.0@®, MannWhitney test) but no significant changedBGFA(P=0.76, Mann Whitney

test) expression levels in post hysterectomy samples.
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PR expression is significantly reduced in high grade cancers independent of
the timing of the biopsy
Amongst different grades &Cs, PRexpression is significantly reduced in high grade cancers

(HG) independent of the timing of the biopsiésw grade LG) vs HG pre hysterectomy
*P=0.03 LG vs HGpost hysterectom¥y* P=0.0L; Mann Whitney test) (Figure 8).
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Figure 8. Comparison o0PRmMRNA expression levels in low grade (LG) versus high grade
(HG) EC pre and post hysterectomy (Pre and Post) sanfplesxpression was significantly
low in HG pre (n=7) and post (n=7) samples when compared with LG Pre (n=7) and Post
(n=7) samples respeetly (PRPre LG vs HG P=0.03, MannWhitney testPRPost LG vs

HG **P=0.01, MannWhitney test).

Discussion

Traditionally, endometrial samples for research are obtained after hysterectomy. Since some
previous reports suggest that warm ischaemia may affect gene expression, this study was
designedo examine the effect of preanalytical variables such as timiegddmetrial samples

either pre/post hysterectomy, and sampling methods in addition to the disease processes on
three endometrial bimarkers in human endometrial samples. §amples were collected

from women with and without EC , before and aftgsteretomy using two different sampling
methodsOur data has highlighted important effects of the time and the method employed in
harvesting endometrial sample will affect the results, in addition to the difference relevant to

EC, i.e., the disease process.
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Pog-hysterectomyendometrialsamples aréenfluenced bywarm ischaemia due to the delay
between devascularisation through the clamping of both uterine arteries, and subsequent
sample collection from theurgically resected uterysemoved from the patienSeveral
previous studieexamining thdiver andthe prostate have shown that warm ischaemiaghas
significant impact on different proteins and gene expregSionlomm et al., 2008{Gundisch

et al., 2012)

When examining the effects tfe pre analytical variablef time on expression of the genes

of interest, we found that the timing of the biofpsd signifiant effect onmarkers VEGFA
andPRlevels This change seen between pre and post hysterectomy samples is most likely due
to effect of warm ischaemia on gene expression. The expressidB@FA CA9 and PR

MRNA levels were detected to be apparently higher in benign post hysterectomy samples and
this is possibly due to the influence of warm ischaemia. However, further studies including a
larger norcancerous endometrial sample set is required to confirm this. In EC samples, gene
expression o¥EGFA CA9andPRwere similar in pre and post hysterectiosamples and we
believe this to be related to the hypoxic environment that cancer tissues exist in, due to their
unregulateeproliferation and they also constantly outgrow their blood su@@nign cells are
different to cancer cells due to many metabphthways beingctiveand the way benign cells
handle hypoxia varies from a cancer ciiésefundamental differensaarethe reason for the
variation in results between these sampl@ancers are hypoxic and also have lot of
neovascularisation, they iskin a hypoxic environment already prior to hysterectomy, this

makes their response different to benign endometrium when vascular suppyrigoted

Benign endometrial samples could be collected using different methods such as pipelle, or as
full thickness biopsy. There was a significant increadéE®FA PRlevels in full thickness
samples compared with pipelle samples, and this may be due to myometrial contamination in
the full thickness samples since our data demonstrated/RiGirAlevels in myometrium and

the levels of full thickness endometrium were ilamto the myometrium only biopsy levels.

Il n our wunit at Liverpool Womends Hospital,
thickness samples from cancer samples as this would incur half hour delay during transport to
pathology lab, this delaywould invariably result in variation in gene expression levels as

already known from previous studies

Under normoxia, enzymes prolyl hydroxylase domain proteins (PHDs) induce degradation of
HIF-1U Hypoxia inhibits PHDs and stabilizes HIFU,  w h irandlocatek istmthe nucleus

and dimerizes with constitutively expressed HlIb |, creati-i gomaex taridv e
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triggering the transcription of genes promoting glycolytic metabolism, angiogenesis, and
survival (Fan et al., 2014)Tissue hypoxia is a common phenomenon in malignant tumours
(Muz et al., 2015)and this may explain the significant chang®&EGFAandCA9levels in

cancer samples compared to normal endometrilns. &ifect was retained wiMEGFAwhen
biopsies were collected before or after hysterectomy, when the comparison was made with the
benign and cancer samples collected at the same time. Hov@A®revels were only
significantly different, in the praysterectomy samples, and their significant difference was
lost when the biopsies were obtained from post hysterectomy pipelle samples. This is intriguing
and may be due to the effect of warm ischenmigpost hysterectomy benign samples. The
expression oPRdid not change much between pre and post hysterectomy samples, with that
we can concludPRto be a robust, prognostically relevant marker in BIELA mRNA levels

were not examined becaudé-1A gere is constitutively expressed in order to rapidly respond

to hypoxic changes at the protein level. Further work by our group (A. Maclean) examined
changes in the protein levels fdiF1A, CA9 VEGFA andPRusing immunohistochemistry,

to correlate with te gene expression data from my study, and these are included in the recent
publication from our grougMaclean et al., 2022)

The change in the gene expression profile seen in our study in EC sangiledais to a
previous study by Liu et al. reporting a significant downregulatifogene expression profile

with prolonged warm ischaemiarenal cell carcinomag.iu et al., 2013)Several studies have
previously suggested warm ischaemia @ayisignificant changes in gene expression in
various @ncer tissuesuch as renal cell carcinomas, colon cancer, prostate d&heang et

al., 2001) (Spruessel et al., 20044).in et al., 2006) (Schlomm et al., 2008Kitson et al
conducted an immunohistochemistry based study examining effect of hypoxia on protein level
in EC samples. They concludedatithe common biomarkers EC such ai67, hormone
receptors are significantly lower in hysterectomy specimen compared to endometrial biopsy
performed prior to surger{Kitson et al., 2019)In my study, | have focussed on gene
expression levels in cancer as well as benign endometrial samples. The fact that gene
expression is not directly mirrored by protein expression is well established and a prime
example of this is HIF1A, where the proteavéls are affected rapidly by hypoxia without
affecting the gene expression.

It is evident that pra@analytical variables may have a considerable and unpredictable effect on
the analysis of mangownstreangenesandtherefordt is imperative tat the resarchers take

steps tacontrolthese and such variables, remain considietween different groups included
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in a single study and/or ideally between studies achieve this, patient samples must be
collectedaccording to standardised operating proceduwréh clearly documented technical/
sampling datan combination with comprehensive clinical data. A lack of complementary
information is a recognised limitation of the vast data harboured by the Cancer Genome Atlas,
a database hosting mRNA sequencingdat 582ECs (NIH/NCI, 2006)

Overall, our data propos#isatconsistent timingreferably at the same time with reference to
surgeryandsimilar methodof tissue harvesting i&C studies is needed to ensure robust and
clinically translatable results. In benign samples, where full thickness samples are routinely
taken, there is a risk of myometrial contamination, hence the more appropriate option is to use
a method that will only include the endometrium for gene expression stG&dhetarly, the

timing of the sample collection should be kept the same, either pre or post hysterectomy for all
samples collected in a particular study or if that is not feasible, a quality control check of the
effect of different time points of tissueqmurement should be made considering the genes of
interest to control for such bias. Post hysterectomy samples may have more influence from
warm ischaemia, therefore, where possiblehysterectomy biopsies are preferrad.a result

of conclusion drawrfirom this study, the work described in chapters 4, 5, and 6 of this thesis,
consistently utilised pipelle biopsies obtained after hysterectomy. Therefore, this study has
formed the basis for a consistent method used for the sample collection in theusaobseq
chapters and also highlighted the need for the work described in chapter 7, where harmonisation
of EC biosample collection was undertaken.

Limitations and future work

Our study investigatethe effect ofa few of the potentially possible preanalytical variables on
the mRNA expression levels of ortlyreegenes. However, there are numerous other factors,
which could influence the data generated from tissue santpladdition to thisthe effect of

the pranalytical variables on the limitetumber of genes we have analyse@s variable
Finally, full thickness samples could not be collected from women with a confirmed diagnosis
or suspected diagnosis of cancer, as intact uterus is required for histogiatdicdtaging.
Using novel analytical methods such as spatial transcriptomics, future studies maybe able to
analyse the effect of differential timing on the expression levels of multiple gehiss. T
research would also benefit from larger patient samgiert® tofurther confirm the effects of
patientdemographiwariability on different gene expression levélgith a limited number of

samplesn this study, we were also unable to draw comparisons and analyse alternative putative
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pre-analytical variablesncluding grade and stage of cancer, patieatnecobidities and mode

of surgery which may hold some significance.

Conclusion

In this study, we have revealed the effect of pre analytical variables stichrgsof samples

with regards to hysterectomganpling method orthe mRNA expression levels abrmal
endometrial and EC patient samplescewe reporthese variableffects orendometriabene
expressionresearchers must take caution when analysing data and consider the effeets of pre
analytical vaiables andalsounderstand the limiting nature data obtained from biosamples

due topatient variability. Our results advocate use of a consistent matitbtime forbiopsy
collection for allendometrialsamples in a study, to avoid misleading expressional analysis.
For effective use of biospecimens in research, biorepositories must endeavour to achieve a high
quality approach to biospecimen handling and collate comprehdesiveical (e.g., sample
colledion time, and method) arddinical datarelevant to the biosamplBiobanking represents

an innovative modality with great significance in translational medicinethizibenefit will
transpireonly when consistent stringent practices are adopted. Fontihe,to remove the
potential impact of preanalytical variation on reported data, it is also important that peer

reviewers pay attention to how samples were collected in a study.
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l ntroducti on

Telomeres are nucleoprotein complexes which protect chromosomal ends and they play a vital
role in preservation of chromosomes from degradation and f(Biackburn and Gall, 1978)
Telomerase is the enzyme which maintains the telomere length and consists of three core
components: (IhnTERCthe RNA template for telomere synthesis, (AERTthe catalytic
reverse transcriptase and (3) dyskerin prai€when et al., 2007]JAlnafakh et al., 2021)TA

levels are low/undetectable in most somatic cells except in those witierselting capability

such as human endometrium, germline cells and certain haemopoietiSeedizki, 2018)
(Hapangama et al., 2008luman endometrium has shown dynamic TA according to the
ovarian cycle(Valentijn et al., 2015)Proliferative endometrium has highest TA, whereas
postmenopausal endometrium shows lowest levels fTBAaka et al., 1998TA is elevated

in endometrial proliferative pathological conditiosisch as endometriosis and Balentijn

et al., 2015)Most ECs have high TRAInafakh et al., 2019)

Endometriosis is a chronic, oestrogen dependent benign gynaecological condition wherein
endometrial glands and stroma like tissue are ptesénide the uterus, leading to bleeding,
scarring and inflammatory reactigSourial et al., 2014)Since the ectopic endometridde

tissue exists and grows in foreign (ectopic), not usual environment for endartigste, in

the case of endometriosis, it has been proposed to be a benign yet mdilesidisease. The
aetiology of endometriosis is complex, multifactorial with influence of hormonal, genetic,
dysfunctional immune system and environmental faqi®aairial et al., 2014)There are no
curative treatments for endometriosis, controversies exist as to which is the best treatment.
Neither medical or surgical treatments provide long term benefits and remission in disease.
There are many studies which demonstrate that eutepietsry endometrium of women with
endometriosis is associated with high TAERTexpression, with longer mean endometrial
telomere lengthgHapangama et al., 2008{Hapangama et al., 20Q9Hapangama et al.,
2010) (Valentijn et al., 2013)Valentijn et al., 2015)

EC is the most common gynaecological malignancy, with around 9400 new cases diagnosed
in the UK every yea(CRUK, 2016- 2018) Most (8890%) of ECs have high TA. EC cells

have the ability to invade myometriuhcervix and extraiterine tissue adjacent to the uterus.
These cells migrate and initiate metastatic lesions in distant sites in advanced cancer

demonstrating the natural history of malégnt metastatic condition, EC.
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Forin vitro TA, hTERCandhTERTare the only essential componentidapangama et al.,
2017) An active telomerase enzyme can be formed by combining two RNA domains from
hTERCsubunit andhTERT protein on oligodeoxynucleotide substratesvitro (Egan and
Collins, 2010)

hTERGC telomerase RNA, provides scaffold structure for assembly of telomere complex
(Nguyen et al., 2018)and it closely is associated with the reverse transcriptase, hTERT
component of telomeraseTERCis expressed constitutively in majority of somatic cells even
when telomerse reverse transcriptageubtsova et al., 2018nd its mutations are linked with
dysfunctional telomeres such as aplastic anaemia, idiopathic pulmonary f(bszisi et al.,
2007) (Trahan and Dragon, 20Q9mTERC contains 451 nucleotides which form many
domains, but only two domains are necessary for telomerase activity to(Rottsova and
Dontsova, 2020hTERCIlength is variable in eukaryotes, structure is consef€aeén et al.,
2000)

Structure of hTERC

The four conserved elementshfERCstructure are: (1) a pseudoknot domain (CR2/CR3), (2)
box H/ACA domain (CR6/CRS8), (3) a conserved regioncbnserved region 5 (CR4/CR5)
domain and (4) a CR7 dwmin(Chen et al., 2000)The pseudoknot awain and distal CR4/5
domain represent the essential regionsi&RCto demonstrate TATesmer et al., 1999The
hTERCH/ACA region binds with telomerase associated proteins such as dyskerin, NOP10,
NHP2, GAR1 and is essential for telomerase biogenesis and RNA st@tdpggngama et al.,
2017) In the H/ACA domain, there is another domain, the cajal body localisation box (CAB),
which binds with telomerase cajal body protein 1(TCABI9gan et al., 2016)Therefore,
hTERCnot only provides template for identifying telomere repeat sequence for the telomerase
holo-enzyme for its telomere length maintenance function, but also provides motifs which are
vital to reconstitute telomerase activit@ristofari et al., 2007)(Webb and Zakian, 2016)
hTERC therefore plays essentiables in stability maturation, functional assembly of
telomerase holenzyme.The t empl ate boundary el ement tog
DNA synthesis beyond the templgteeng et al., 1995)Fu and Collins, 2003)Kiss 4 al.,

2010)
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Template

AUCCCAAUC

Figure 1.Diagram of the core elementsioFERCreproduced as published bijagpangama DK, Kamal

A, Saretzki G.Implications of telomeres and telomerase in endometrial pathdthgy. Reprod

Update 2017;23(2):166L87. doi:10.1093/humupd/dmw044 5 Nj r egi on containing
domain and (B) RNA template (C) the template boundary element (Theimer and R€ig6),Both

A and B domains are important fiorvivo stability of hTERG and they interact with hTERT. The RNA
stabilizing 3N region contains (D) an H/ ACA mot
three H/ACA RNP components (NOP10, NHPA &AR1), and (E) tranactivating domain containing

CR4/5 C that also binds hTERT (Webb and Zakian, 2016).

Most of the available evidence on the functional roles of TERC are related to TA Studies in
transgenic mice models showed increase in MTERC expnefdlowing tumourigenesis in

mice (Blasco et al., 1996)Jpregulation of telomerase RNA component occurs at very early
stages of mouse tumourigenesis whereas TA was only detected in end stage ({Brascos

et al., 1996)hence it can be proposed that TERC activation and expression at early stage is a
marker for cell proliferation, independent of telomerase activatideaat in micgBlasco et

al., 1996) Further studies in te-/- mice showed impairment of tumourigenesis process due to
overexpression of TERT and also showed delayed wound healindCatasela et al., 2005)
However, mouse have rather long telomeres compared with humans and have a different effect
when telomerase function is altered, thus, results from mouse studies may not be directly
translatable to humans. In ngmall cell lung cancer cell lines, TERGasvupregulated and

was associated with high TA, compared to the-camcerous benign lung tissy&®koi et al.,

2003) hTERCgene was located in a more critical region of 3926 amplicon in these cells
(Yokoi et al., 2003)However, there is a reasonable body of evidence suggesting that TERC

may also have netelomerase related direct actioms.different telomerase positive human
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colorectal cancer cell line HCT 116, depletion of telomerase RNA leads to effective inhibition
of cancer cell growtl{Li et al., 2005) hTERCknockdown induces global gene expression
changes in human colorectal cancer cell line HCT 116, downregulation of genes involved in
cell cycle progression, also it results in decreased expres$ specific genes coding for
proteins for tumour growth, angiogenesis, metastasist al., 2005). hTERChasmultiple

binding sites throughout genome, located at Wnt genes and Myc genes, which may have direct
effects on transcription to upregulation of the genes related to immune system or indirect effect
by attractinghTERT(Chu et al., 2011)Liu et al., 2019)In vivo experiments using CD14+
macrophages in patients with type 2 diabeteslitel (DM) and multiple sclerosis
demonstrateth TERC to have roles in upregulating the genes related to immune system and
those modulating cytokingtiu et al., 2019) In human breast carcinoma cell lines MCF7,
hTERCalso has been shown to influence cellular signalling systems such as protein kinase
ATR (ATM and Rad3 relatedKedde et al., 2006)n U20S cells, oveexpression ohTERG
independent of the TA, caused suppression of ATR kinase activity, which disrupted the cell
cycle checkpoint regulation following DNA dama@edde et al., 2006 Additionally, nTERC

is proposed to be involved in activation of DNPX, which repairs the double strand breaks

by the norhomologous end joining pathwélyeesMiller and Meek, 2003)(Mahaney et al.,

2009) (Ting et al., 2009)

The telomerase RNA was known to be a-4goding RNA, however studies in vertebrates
(human, macaca, rabbit, bull, cat, horse and mouse) wild type TERC can be transcribed into
protein TERP. The alignment of TERP sequences amongst vertebrates demonsiated 40
more identity, similar length and amino acid composition. hnTERP was detected in telomerase
positive cells lines (HEK293T, HT1080 and Jurkat) and absent in telomerase negative cells
(VA13 cells). Previously,hTERCwas reported to prevent apoptosisimman immune cells,

since increased levels GTERC resulted in antapoptotic defense and this function was
independent of telomerase activigazzaniga and Blackburn, 201#jowever, Rubstova et al

have demonstrated that it is not the leved BERCor TA, but the production of hTERP which
protects the cells from drug induced apoptosis as decrease in hTERP lekedseidthe cell
survival rate(Rubtsova et al., 2018 herefore, it is proposed that alternative functions of
hTERCis provided by the protein hTERRit nothrTERCand hTERP has a role in helping the
cells to protect themselves from stress, survive unfavourable condRobtsova et al., 2018)

The expression dfTERCin human endometrium has not been fully elucidated. Therefore, the

aim of the work presented in this chapter was to ascertaimiBRClevels in normal human
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endometrium, across the menstrual cycle and in the endometrium of benign proliferative
diseaseendometriosis and in malignant EC sampl#®& standardised biosample collection
informed by the work described in chapter 3, to minimise the effect edralytic variables

on our results.

Methods

Endometri al ti ssue sampl es

Details of Ethitdals paspepreyv &IidE n tho meatgrei al s ampl
collected from women without any endometri al
not on any hor monal treatment for at | east
phase (n=9) and women =S 7/h) ,poasd mealolpaasalfr pmr
surgically diagnosed active, peritoneal endc
endometrial samples from women withlan$6, or
graden=7;3 qar=bdeandnt@g)peurRd&Cgoi ng hysterect om
prseur gi cal treat ment were also collected. Th
hi stol ogi cal <l iat enceida | asd manhise mtual dat e. T

assigned brycdadvogymxgeadleogi cal pat hol ogi sts a

myometrial samples were collected from benig
to avoid endometri al contamination.
Once collected, endometriatdedndnmpombt eeal aan

i mmedi ately placed in i) RNA | ater for RNA e
iii) snap frozen fopaTRAPoms cay. alhat idemto ga laip

retrieved from the cl iln)i.cal notes and databa
Table 1: Demographic features of study groups
Study groups (n) *Age (years) *BMI (9K
Proliferative phase (7) 43(3257) 27.8(2240.5)
Secretory phase (9) 41(2147) 22.6(18.931.6)
Postmenopausal (7) 62(5285) 24.3(2039.6)
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Secretez%’oﬁg‘gtsrfoisri‘s"‘z‘ige” With 35 5(2543) | 25.7(17.140.6)
Endometrial cancer (24) 67(37-80) 30(23.954.4)
Endometrioid Grade 1 (6) 61(4673) 37.8(28.346.1)
Endometrioid Grade 2 (7) 60(37%77) 28.9(25.854.4)
Endometrioid Grade 3 (5) 68(60:80) 29.8(23.942.7)
Type 2 EC (6) 72.5(6080) 30.1(24.232.9)

*Data expressed as median
(range)

Collection, transportation, processing and storage of tissue samples
The protocols followed are described in detail in chapters 3.

RNA extraction and quantification

RNA extraction and quantification is discussed in detail in chapter 3.

cDNA synthesis

MRNA isolated was converted to cDNA in a reaction catalysed by reverse transcriptase as

discussed in detail in chapter 3.
g-RT PCR and optimisation

All sample preparatn, technique for PCR is as described in chapter 3, apart from the change
to amount of cDNA used for the experiments based on our optimisHibmsekeeping genes

| i ke P P-actn ware usedfio ensure the same amount of cDNA was loaded between
templae samples. 7.5ul of master mix was added into each well and 2.5ul of cDNA was added
in triplicates into separate wells to make the final volume of 10 pl in each well. For no RT
control, 2.5ul of NRT control sample and for no template control 2.5 ul otaselfree water

were addedFor each target and reference, a standard curve was produced and efficiency
calculated (Fig 2).
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Forward and reverse primers used, and the reaction conditions are listed in. GRGI&?2

conditions are charted in Table 3.

Table 2. Primer sequences used for gPCR

amplification

Primer Sequence References
ere |EBOSTICCACCOTICNTTNS | (e 201
I AT pecormal, 2019

Table 3. gPCR Conditions

Initial Denature | Anneal / Cycles Efficiency
Denature Extension
PPIA 95°C 2min | 95°C 5s 60°C 30s | 40 100.1%
§ ACTB 95°C 98°C 5s 95°C 10s | 40 94.6%
z 10min 60°C 30s
. TERC 95°C 2min | 95°C 5s 60°C 30s | 50 86.1%

Abbreviations:PPIA, peptidylprolyl isomerase AACTB betaactin

Gene expression and statistical analysis

The Pfaffl method was used to compare the results of relative quantity of the gene of interest

in the samples with the geometric mean of the normalisers across those samples.
TRAP

TRAP assay was kindly perfor medkihgctouurercolnl
A g e IRa& g e aBiosciences Institute and Newcastle University Institute for Ag&agipus

for Ageing and VitaltyTA was measured using Tel oTTAGGG TI
Amplification Protocol Bagsga&y;s Rodche DNKagmuast
(Val entijn etOpdlical2@emn)sity was measured as
Omega Pl ate reader ( BMGr Wiatbrt ercyh ) u rmintds p(rAW)e.nt

| HC
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| HC experi ments were performed by Dr Meera
retrieval was performed to free the epitope.
prevent false negative tresmddisf iwdhatciho mayf bep
cross |links betywsSadn ¢itf a2OMNAPPAEJL ies Nse sect
in a heated pr es3 umiirmkwtde sc,h awmbtelr dmrapgpropr i é
details of antibody used, conceptoatdedsi an
table 4 below. The sections wer ebufnfcaurbead esda li
(TBS) (Sigma, Aldrich, Dorset, UK) for 10 mi
were incubated i n a khhwmadhiefrioe d ahlamlpdro,r wvaintth

after blocking unspecific binding with horse

Detection was perfor med-basieng(Vactordabonaomd3aRES S |
Peterborough, UKAnd vVvi suali satsiong wasmBRkE@mieeBlénzi di
(DAB) (Vector Laboratories, Peterborough, U K
i nstru@ne odsop of Vector | mhoPRSEeS Sa di & b e | pleerdo
matching the pri mary usbnattiebdo dfyo rwa3s0 andidneudt easn df
substrate for 10 minutes foll owed by i mmer si
performed at room temperature unless stated

in TBS to hohd ¢lhiemirreatcd i @amy aunbound materi .

subsequent steps. Sections were |lightly <cou
Fi sher Scientific, Runcor n, UK) , dehydrat ed,
Mount , Flihsehremo Sci enti fic, Runcorn, UK). Negaea
were included in each run to assess specifi

staining variation between runs respmic)tivel
replaced the primary ant i. Aemkgfic endomedrial issupat i v e
sample with positive staining was included as the internal positive control with each staining

experiment
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Table 4. Primary antibodies and conditions for IHC

Primary : — Incubation s
Antibody Type Clone Supplier Dilution Time Conditions
HIAR* . o
(min) Time (hour)| Temp (°C)
ERU Monoclonal 6F11 Leica 2 1:50 2 18
ERD Monoclonal PPG5/10 Abcant 2 1:50 20 4
PR Monoclonal PgR 636 DAKO?® 2 1:1000 1 18
AR Monoclonal AR441 DAKO? 2 1:75 20 4
Ki67 Monoclonal MM1 Leica 2 1:200 20 4
TRF1 Monoclonal MM1 Santa Cruz 2 1:50 20 4
TRF2 Monoclonal MM1 Santa Cruz 2 1:200 20 4

*Heat induced antigen retrieval by pressure cooking in citrate buffer pH 6.
Milton Keynes, UK;?2Cambridge, UK?2 Ely, Cambridgeshire, UK}Insight Biotech Ltd.,
Middlesex, UK

Analysis of | HC staining

|l HC stained sections were scored by

for analysis 1is as described bel ow.

mi croscope (Nikon UK, Surrey, UK) .

by the staining intensity categondi 8ss{0eng)
TRF1/ 2 i mmunostaining for TRF1 and TRF2
modi fied quickscore, by scanning the
proportions of <cells with eachratnet eannsdi t3y= s(tOr:
The final score out of 12 was <calcul ated
25%=150%6275 %43, >76%=4) by the staining

=weak, 2=moderate and 3estnodexyg) (Pl IThea&i 6V ¢

of

Dr Meer a
Anal ys
&t droi d
receptors wagu arstsietsasteidvesiegmiadi hgvar poar
guick scof&KamMmbhES®$%) aThe RiI0dA&b) scor e
mul tiplying the propo¥wt +#20%d24 PBDHI tanweke x40 %=

out

any

cored separately based on mor phol ogi cal

1
percentage of i mmunopositive cell s
S
e

ndometrium and stratturhebasalvies pohhsbedPPhy e

i ndependent observers (myselHf and Dr Raf ah
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scoring were assessed by randomly revisiting
Dr Rafah Al naffakhDi(iscrepamséerse bet ween the t

revaluating the samples together and agreein
Statistical analyses

Gene expression data across different groups:s
usi ngpam@amet ri cWhietsnesy (WMathemstWabhhds/ bes Ky uska
correlation as appropriate, not fassswemigmg f Ga ¢
was pO0. 05,

Standard curve for housekeeping genes arfifTERC

Amplification El Standard Curve El
' ‘ B ! T ! ! ! )
h ~ \(.‘ H H N N
S|
1500 1 30 1 T ; ; ;
N - \e\ g N N N
3 251 : g : :
5 1000 1 NG :
2 iy -4
x 201 P
: ~a
500 1 15 1 S
; ?
3 2 1 0 1 2 3
04 Log Starting Quantity
t t t t t t t O Standard
0 5 10 15 20 25 30 35 X Unknown
Cycles ] Log scse —— SYBR E=94.6% R"2=0.999 Slope=-3.450 y-int=24.245
Amplification El Standard Curve )
2000 T 0l © .
e
1500 + 25 L TR
o x
o
2 o
& 1000 | 20 U -
e
500 - 5 Lo ; . ; : 0.
2 1 0 1 2 3
o Log Starting Quantity
T f f f ! O Standard
0 10 20 20 40 X Unknown
Cycles ] Log Seae —— SYBR  E=100.1% Rr2=0.99 Slope=-3.312 y-int=26.220
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(C)hTERC
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Figure 2. Standard curve for housekeeping genes ACTB (A), PPIA (B)T&ERIC(C) with
efficiencies (ACTB E=94.6%, PPIA E=100.1%TERCE=86.1%)

Results

hTERC, RNA component of telomerase enzyme, does not show a dynamic

change across the menstrual cycle

hTERCwas detected in both human endometrium and myometrium at simids (€¥g.3A).

In dissociated fractionated endometrial cefi$ERClevels were consistently higher in the
stromal fraction (which according to previous reports have a lower TA and longer telomere
lengths(Hapangama et al., 2008hen compared with the endometrial epithelial fraction
(Fig.3B). However,hTERC levels were appantly high in postmenopausal endometrial
samples compared to the premenopausal endometrium (Fig.3C) however this was not

statistically significant (P9.063, Mann Whitney test).
hTERC levels are significantly higher in endometriosis

When compared with the secretory phase endometrium of healthy women, without
endometriosis, significantly highbTf ERClevels were observed in endometrium from women

with endometriosis in the secretory phase of the cycle (P= 0.02, Mann Whitney test, Fig.4)
hTERC levels are significantly higher in grade 3 endometrioidECs

Compared with the postmenopausal healthy control endometrium, EC samples appeared to
have decreasedTERC levels, but this observation did not reach statistical significance
(P=0.36, Mannwhitney test, Fig 5A). InterestinghlhTERClevels increased steadily from
grade 1 across to grade 3 of the endometrioid cancers subtyPegB=KruskalWallis test,

Fig 5B) and the lowe$tTERClevels were observed in type 2, rendometrioid ECs (P=004,

Mann Whitney test, Fig 5B).
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Figure 3.hTERCIevels in different components of human uterus. fAERC levels in human
endometrium (n=4) compared to myometrium (n=4){BERClevels were higher in stromal fraction
(n=3) compared with the epithelial fraction (n=3) in dissociated fractionated endometrial cells (C)
hTERClevels across menstrual cycle, higher in postmenopausal endometrium (n=7) compared to
proliferative (n=6) andecretory endometrium (n=9), however not statistically significant.

Correlation of hnTERC levels with telomerase activity, proliferative marker
ki67, TRF1, TRF2 immuno-staining scores and steroid receptor

quickscores in endometrial samples

In normal anceC sampleshTERCRNA | evel s negatively correl af
=-0.42, P=0.01), and TRF1 (r-6.45, P=0.04fTable 5). However, they did not correlate with

TA levels measured with TRAP assay, other three steroid receptor quickscores we analysed or
telomerase associated protein TRF 2. FurthermoréTtB&Clevels did not correlate with the

proliferative markeKi67.
Discussion

Previous studies have demonstrated high TA and increased hTERT to be a prerequisite of
endometrial epithelial proliferatiofTanaka et al., 1998(Valentijn et al., 2015)
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Figure 4 hTERClevels in secretory phase endometrium of patients with endometriedi6) When
compared to secretory phase endometrium in healthy wgn¥®), hTERClevels in endometriosis
patients were significantly high (P=0.02, Mann Whitney test).
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Figure 5. hTERC levels in postmenopausal endometrium and EC. (A) When compared to
postmenopausal endometriunT,ERClevels in EC were low (P=0.36, Mann Whitney test).{BERC
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levels in EC, showed significant increase from grade 1 to grade 3 endometrioid EC (P=0u6Ra} Kr
Wallis test).hnTERClevels were lowest in type 2 non endometrioid EC (P=0.004, Mann Whitney test).

Correlation of hTERC, AR, PR, ERU, Er b, Ki 67, TRF 1
samples

AR PR ERU| ERDb | Ki67 TRF1 | TRF2 | TRAP

hTERC |r | 0.148 | -0.1022 | 0.0590 | -0.4239 | -0.0624| -0.4485| 0.0038 | -0.0362

P| 0.4034| 0.5715 | 0.7363 | 0.0112 | 0.7097 | 0.0363 | 0.9842 | 0.7856

Table 5. Correlation diTERClevels with TA, steroid receptors, telomerase associated proteins and
proliferative markerhTERClevels negatively correlated withr b -@.42, P=0.01and TRF1 (r =
0.45, P=0.04) whereas there was no correlation seen with other steroid receptoeKTA.

This current chapter describes the other main component of telomerasnigioe "NTERC

in healthy endometrium across all stages of premenopausal menstrual cycle, and in
postmenopausal endometrium examining the endogenous hormonal influestigations

also extended to include two pathological conditions of the endometrium, endometriosis, a
benign proliferative condition an&C, which is the malignant transformation of the
endometrium and both these conditions are known to be assogititddgh TA.

We found no significant alteration of endometrl@fERC levels in all phases of pre
menopausal menstrual cycle, suggesting thRBERC is constitutively expressed in the
endometrium. AlthoughTERCwas thought to be necoding, its translation into hTERP has
non canonical functions to regulate the essential processes ifReddtsova et al., 2018J his
coding capability may explain the constitutive expressidnf@&RCin somatic cells. This is in
line with other studies which have demonstrated hi&RCis highly expressed in diissues
including human endometriunfAvilion et al., 1996) (Kyo et al., 1999h) (Lewis and
Tollefsbol, 2016) On the contrary, TA is high in premenopausal endometrium and is
dynamically regulated throughout the menstrualeeid with glandular proliferatiqiiKyo et

al., 1997) (Williams et al., 2001) (Hapangamateal., 2008a) (Hapangama et al., 20Q9)
(Valentijn et al., 2015)Proliferating endometrial cells have highest BAd this is mainly for
maintaining and protecting the short telomeres therefore to prevent them from shortening to a
critical length(Valentijn et al., 2015)It is known from previous studies, TA and hTERT are
dynamically expressed in human endometr{tfapangama et al., 2008é&Hapangama et al.,
2017) In our study, the endometrial TA ah@ERClevels did not correlate and some previous
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studies have also demonstrated that TA measured by TRAP assay does not necessarily correlate
with hnTERCexpressiorfOhyashiki et al., 2005JAvilion et al., 1996) Another observation in
our study was TA did not significantly change in the menstrual cyckenthy be due to our
small sample size. Therefore, to draw conclusions on which of these two reasons are the cause

for the observed results, further adequately powered studies with larger sample size are needed.

Compared to proliferative and secretory endometrium, relatively quiescent postmenopausal
endometrium has low TATanaka et al., 1998)Valentijn et al., 2015hTERClevels although
appeared to be higher in postmenopausal samples than in proliferative or secretory
endometrium, this was not statistically significant. In agreement, we found no significant

correlation withki67 which is a marker for cellular proliferation.

Eutopic endometrium of women with endometriosis is proposed to be different to those without
endometriosis (Hapangama et al., 201QHapangama et al., 2013Sourial et al., 2014)
(Hapangama et al., 20}, (Lessey and Kim, 2017YAhn etal., 2017) (Hapangama et al.,

2019) Endometriosis is considered to be a progesteresistant disease due to blunted
response to progesterone demonstrated in both eutopic and ectopic endometri@uissue

et al., 2006)(Park et al., 2009 Endometrium in women with endometriosis is suggested to be
more proliferative and associated with defective receptivity which is a shift from normal
progesterone actiofPark et al., 2009\Hapangama et al., 2013).essey and Kim, 2017)

These differences araore exaggerated in the progesterone dominant, secretory phase of the
cycle, and that was proposed to be due to the unravelling of relative progesterone resistance
(Bulun et al., 2006) This is also thought to be the cause for subfertility often encountered in
endometriosis sufferers. Therefore, we examined the secretory phase endometrium in particular

from women with endometriosis to ascertain any differences speclfitERClevels.

TA, hTERT protein and mRNA levels were reported to be increased in secretory phase
endometrium of women with endometriogiém et al., 2007) (Hapangama et al., 2008b)
High TA along with the pro proliferative, ardpoptotic and ansenescence effect in the
secretory endometrium of women with endometriosis, basn suggested to lead to
endometriotic lesion formation from deposition of endometrial fragments after retrograde

menstruatior{Hapangama et al., 20Q9Hapangama et al., 2010)

In the eutopic secretory endometrium of women with endometrib3IERC levels were
significantly increased. Therefore, we postulate that in endometriosis, relative progesterone

resistance induces the observed mdfRClevels. In a previous study, it has been observed
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that decrease inTERClevels reduces the cell prolifera rate without influencing the TALi

et al., 2005) Overexpression ohTERC suggests thahTERC may have a roleni pro
proliferative effect in human endometrium. Secondly, studies in osteosarcoma cell line U20S
overexpression ohTERClevels is associated with upregulation of cytokine expression and
increased cytokine secretion, independent of th€LlTet al., 2019) If hTERChas a similar

role in endometrial cells, it mapfluence the increased inflammatory response seen in women
with endometriosis, and also may lead-$ertility possibly via producing a hostile endometrial
environment, preventing embryo implantatighiu et al., 2019) Another study reported that

in peripheral blood mmonuclear cells and CD4 T cells, over expression of hnTERT protein
induced apoptosis that was rescued by over expression of inaCEBRCmutantyGazzaniga

and Blackburn, 2014)This cellular protective effect if present in the endometrial cells may
play a role in development to ectopic lesions from the shed endometrial cells wiiTEBIG

due to retrograde mensttigmn. All these above mentioned functionshdfERCIf present in

the endometrial cells that have higfFERG may have a contribution to pathogenesis of

endometriosis.

Interestingly in EC, there was no significant difference in endoméifigRClevels wha
compared with postmenopausal endometrium. This is in keeping with the suggestion of
constitutive expression ¢fTERCin endometrium. Analysis dfiTERCin different types of

EC demonstrated thaTERClevels were high in grade 3 endometrioid cancers compared to
grade lendometrioid and type 2 ECs. This agrees witheastdblished fact that different
molecular pathways being activated in the different EC subtypes. For example, type 1 cancers
frequentlycontain microsatellite instability and PTEN, PIK3CARAS, CTNNB1 mutations
whereas type 2 ECs commonly exhibit P53 mutations and chromosomal ins{&laliys et

al., 2011) (Weigelt and Banerjee, 201ZMatiasGuiu and Prat, 2013WTERClevels may be
relevant to these reported different pathway activation rather than just telomerase associated
alterations in cell proliferatiorThis hypothesis is further supported by the already mentioned
lack of correlation found betwedmlERCand Ki67. Ovarian hormonesre a welknown
regulating factors in EC. Hormones activate various pathways via cognate receptor such as
ERD, and when al/l endomet r i &TERGeaatsmégatisely we r e
correl ated wit h-042EPS003). AreviowstuByR b maCague endometrium,
shows that oestrogen treatment is associated with increased expression of telomerase RNA in
the endometriungVidal et al., 2002)Other studies have demonstrated hormonal regulation of

TA in different tissuegMisiti et al., 2000) Zhou et al demonstrated that E2 ingsid@A and
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hTERTMRNA expression vi a (Zhdg et dle pog3)indomrnstudymanner
hTERCdi d not show any positive correlation wit
are known to counteract ERU, this nABRCexpl ai
wi t h d¢eRdryBottaeer et al., 2014 Hapangama et al., 2015)

Ectopic endometriotic lesions are defined histologically by the inclusion of both endometrial
epithelial and stromal like cel{Bulun et al., 2006)Park et al., 2009)he interaction between
different cell types is suggested to play an imguatrtole in hormonal regulation especially in
steroid receptor expressigilapangama et al., 2015§Kamal et al., 2016b)We have used

PCR technique in our study to assesshfiiéRClevels in the whole tissue samplehich does

not allow to ascertain the exact cellular origin of fié&=RClevels of the samples analysed.

This technique would not allow clarification if a surgically excised endometriotic sample we
study may contain the essential cell types or if thetes@lls of origin ohTERCdetected by

PCR. Ideally, to study ectopic lesions particular cell types can be extracted/isolated from frozen
tissue sections, using techniques such as laser capture microdis@dettean et al., 2020)
Techniques such as in situ hybridisation, immunohistochemistry or immunofluorescence do
not disturb the tissue architecture and directly assess genean@xpression, may be useful

to study endometriotic lesiorfMathewet al., 2016)(Tempest et al., 2018)Hapangama et

al., 2019) Duringmy project, | was not able to chebhKERClevels in ectopic endometriotic
lesions and use the above mentioned techniques, and this is one of the major limitations of my
study. As mentioned above, the lack of power with the small sample size of this study that
prevent confirmation that lack of getation we observed between TA anbERC was a true
finding or not is another limitation of our study. However, this study has demonstrated
significant changes inTERClevels in pathological conditions of the human endometrium and
further studies witlsuitable techniques and adequate power/ sample size thus are warranted to

explore these interesting preliminary data.
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Introduction

Hu man endometrium i s a dynamic organ whi ch
proliferation, di fferentiation, shedding and

mont hl yHdpamngama and Bbi smerpgt2dmtbiadli vies r et a

proliferatively quiescent post menopausal en
func(tMadrenti jn &¢l amere204b¢ specieasl azed hruel
of chr omosomes, which play an established

prol i flHaptaingrmama . efTebhbmer 2061 DNA is | ost with
due to the end replication probl em, and unl
tel omerase, tel omeres WiSnho gsohrozretwesnk ai na npdr odlei f
Human endometrium demonstrates cycdibiadh h TA a
viaaidn \wiviidence suggests that ovarian hor mo
tel omere | engths a(@Maleen ttihjer( iH=mtlp agirg@ImiaZ.Celts)tail o
Common endometri al proli ftern @tda san da ma g e2e0sl 79 L
(Hapangama ,dtHaglangam@0 &ajd@lr.e, a2 MO8 ba)ssoci at e
TACKyo et ,(@%3akam®dtodb )étehher 209a@ayKgarmnmamBer) et

al . ,. 2005)

The telomere complex prevents chromosemal er
foci that cae@6rmbunt h@éddD&nd gEBRRdgyaedda)tir
2012)nrepaired DNA damage can mediate a perm

in cellul aCampnescanded’' Add®egii Eagagraseh@eEt

the proliferative phdashretriedlor®f beematciharaeltles
suppressor mechani sm. However, spatigl hzegt &
for telomere maintenance -apdi(skiam gatt .ialn.,, tihQ

Al t hough telomeres were consideredTHRRAbe t
mol ecul es are tfiadsanrdi bceodntfai omnGp Gubt el omer
towards t he (tSelhomdrtinert raghdtz Ba laismt o Tt EZRERDAS ) 2
mol ecul es -aocei tdonRNADN(|I nc RNA)Y Azeaadat eadeitnath

and they are proportional t o( Meehleoznkeerl e, elte naglt.
(Arnoult ,évaal Beneodag)Vetcealo.nt eZERRAIve, b2@&2D1)
i dent ivfeireacke birmt es and in several QClthlke speal

2008Yrbsky ettnalhuma2E®RRAST 0d20Dg subtel omere

133



desc(ivbedl |l i. eAl ahewgdlRTOElFBRDAar e involved in t
oft el omerase t@ESmekaltoevlao menmrdc aBdumairery, rz20mka3)n
assated with tel omeres -gewsa darbd glsenx nsgt rt thoet WrNeAs
single stranMdrDNAI(tshs BCNIERRA Nt aDA-DNA RWEri ds
at the telomeric end may also have a physio
all owing ONAuirlepra-Gand alGeme&Sx200&)Y and. Ci mpr
TERRAvel s ar ¢ Acelal i sp@td ffllcyc 2WaOt7g ( Rot hot be
al . ,. 2Di® )ThERgFAVeIsecul e | evel s and | owehsitl sTA a
the opposite i §Zhapet {(afo.rirnol SedpWaahsge, e 2.0 42 0) ,

TERRAs interact with shelterin proteins TRF1
(Marion eThail eTiTEORBAILT)e t hought to participat ¢
regul at or(yScfthwredttineenrs ahbe Bd astcoRe 200309 pnl . ,
(Arnoult .dER&W.Nctd2®Ihx) may be relevant to th
ot her tel omer es, t heir |l evel s are inversely
(Arnoult ,éMoalero?2fTlPRRA e &I0sldc)demonstrated
recruitment of t el Dmekalscev a oand eBDaherhdrere,o eh@®T .
by bindiEBCTE&@&Nd by foDMANgyTHERRIA e al so i mpl i
to inhibi(tL utkeel cemg reabsdepn 2686 0D8al ., 2010)

Considering the intricate relationship betwe
prol i f(eHaaptainogna,ma ,éeHaphngam@O,8Baphngam@0B8a) al
(Val entijn( \eal eanlt.2,0 hBWHED )N ga ma .let hyapot heDilsed
TERBRAmMay have an i mportant rTool et eisnt e nhti ssmehtyrpi
i nitial |l ogolelxédtRiRveadcimomosomes 804¢10g13¢22q9 and 16pin

healthy normal, benign proliferative conditions such as endometriosE@sdmplesOut o f

t heTERRACI i n human cell transcripts, Mont er
| ocus caus el RRecr(eMasned eir m eTherefote, | studed E B R A

l evel s from chromosome 2Aspoipdhtohe@®gsamé samp
beni gn and dmapligpwpanhi gh TA and aberrati
influence/rresgomsimeadn etsss TENRRAdel Thaongess nth
spectrum of pathologies(Rodgen het( Smdiutrhi adld 1eAth c
2014Kamal et. al ., 20160Db)

134



Methods
Demographics of study groups

Endomettirassade sampl es

Details of the Ethi call5 alphper osvaanip |laer ec oplrloevci tdieodr
of sampl es and demograrpehide sdcertiadiléast iiosfn-tct hhaep it pea
pat hol ogical and demographicaldetati ¢ s aved ed a te
i Mablceh aiht .er

Collection and transportation of tissue samplegissue processing and

storage

Collection, transportation rpcessing and storage of samples was as discussed in Gapter
RNA extraction and quantification

RNA extraction and quantification is discussed in detail in chapter 3.

cDNA synthesis

MRNA isolated was converted to cDNA in a reaction catalysed by reverse transcriptase as

discussed in detail in chapter 3.
Q-RT PCR and optimisation

Sample equipmenipreparationand technique used for PGRas carried outas described in
chapter3 and4 except to the amount of cDNA used in the experiments which is based on our
optimisation 8ul of master mix was added into each well &@pdl of cDNA was added in
triplicates into separate wells to make the final volume of 10 ul in each well. For no RT control
2ul of NRT control sample and for no template con#all of nuclease free water were added.
The reaction was set as per conditions optimiseddoh ¢éarget at 50 cycleBor each target

and reference, a standard curve was produced and efficiency generated (Fig 1A, 1B and 1C).

Forward and reverse primers used, and the reaction conditions are listed in . TGI/ER2

conditions are charted in Table 3
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Table 2. Primer sequences used for gPCR amplification

Primer Sequence References
F:5'GAATCCTGCGCACCGAGAT (Diman et al.,
TERRA Ch 1@q-4¢10¢13¢229 | 5.5, cTGCACTTGAACCCTGCAATAC 2016)
F: 5TGT GTT TCA ACG CTG CAACTG (Wang et al.,
TERRA Ch16p R: 5'AGT TAG AAC GGT TCA GTG TG 2015)
F:5'GAAGTTGCTGGGTTCTATGG (Montero et al.,
IERRe Chizs R:5'ATGGTGCAGACACTGTGG 2016)
Table 3. gPCR Conditions
Initial Denature | Anneal / Cycles Efficiency
Denature Extension
TERRA 95°C 98°C 5s 95°C 10s | 50 101.1%
Ch 1620-4¢-10¢+ | 10min 60°C 30s
© 13022q
&
9 TERRA 95°C 98°C 5s 95°C 10s 50 95.1%
()
(@]
|c:c$ Chiép 10min 60°C 30s
TERRA 95°C 98°C 5s 95°C 10s 50 105.2%
Ch20q 10min 60°C 30s

Gene expression analysis
Gene expression analysis was performed as described in chapter 3.
TRAP assay

TRAP assay was Kkiondl|l yvyopPrb&aimée 06 e hegc tSuarreert zikn
A g e Ren g e aBiosciences Institute and Newcadtleiversity Institute for AgeingCampus
for Ageing and VitaltyT RAP assay method is described in

| mmunohi st aoldeminad yygi s of | HC stainin

|l HC experiments and analysis were perfor med
as doéedr i n.3d0Magtiesrsue sectsitanfeddbmwénahmmmied o i
receptor antibodies and Ki 67 after antigen

Proliferative 1index, gui ckscore and LESQS w
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tel omerase associated pr ot ebinsc raenpda nsctieerso i bde tt

t wo observers veerad urad 9 milgv eéechebys aempd g son oget in

scor e
Anti body sources, concentrations andasi ncub:
described. in chapter 4

Single telomere | ength analysis (STEL/

STELA experiments weokl ebRhiba&mompen foamesd dryd F
B a i Divkion of Cancer and Genetics, Cardiff University, Cardiffe protocol used was as

described belonDNA was extracted wusing the QI Aamp

Manchester, UK) .anFadry stiesl came rt enh el eXmpgrtph t el omer e
as previou(sBai rdie ses(rliéblre.det2@®8n om0 ODNA, was s
diluted in-H® mnmnpoH /7. 5Dritco 10 ng/ OI . 10 ng c
10mol /| Tel orette2HCI i ntkoe r2 5a0npdg / 101 mM nTrai svol ul
pol ymer arseeaccthainns were conducted to test t he
Tetrad2 thermocycl er (@BifooRa dlg& UskKeyc , AZB2Is@rc G 8 & B
min). DNA fragments were resolved by 0.5% TA
soluegrn hybridization. The hybridized fragmen:
a Typhoon FLA 950XE phheoas pphhociammaegerChal font St
weights of the DNA fragments were ndlinelaat e

Dynamics, Newcastle Upon Tyne, UK) .
Statistical analyses

Gene expracssoss datherent groups wh(sGraanpah y s €
Padof$ wadec., uGA,ngldSrA@dmet r i c-Whietsnesy (WManhaest é
Kr usWadlltiesotr) Spear man correlation as approp
di str.i blunte oocnri terion for significance was pO

Standard curves

Four to Five pointDNA dilution series spanning across the expected concentration range was
used for experimental samples. The results were plotted with the nucleic acid quantity on x
axis and cycle threshold on y axis. The slope of the curve was used to calculate reaction

efficiency, for which the acceptable range wasl90% for all primers used. The acceptable
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R2 of the standard curve was around 0.98. Below are the standard cufVERRALG20
4¢10013¢22q 16p and 20q (Fig 1).

Fig. 1A TERRA 1620-40-100-13¢-22q
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Fig 1. Standard curves for (NERRALG-20+4¢+10g-13¢-22qwith efficiency 101.19%B) TERRAL6p
with efficiency 95.294C) TERRA20qwith efficiency 105.2%.

Results
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TERRA levels show a dynamic pattern in thealthy human endometrium

Both the endometrium and myometrium demonstratedERRA examined (chromosomes
102040-10013¢22q, 16p and 20q), and myometrEERRAIlevels were consistent in all

samples whereas the endometfi&RRAlevels of individual sanples were spread across a
wider range (Fig2).

Isolated freshly harvested epithelial and stromal cells also demonstrated allERRB&, and
the TERRAlevels were consistently higher in the stromal fraction when compared with the
endometrial epithalim (Fig3).

TERRA 1g-2g-49-109-13g-22q TERRA 16p TERRA 20q
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Fig 2. TERRAexpression in human endometrign¥4)and myometriunin=4). TERRAleRq4¢10¢
13g22g and TERRA16devels were similar in endometrium and myometrium whefldaRRA 20q
levels were slightly higher in myometrium however this was not statistically significant (P=0.34; Mann
Whitney test)
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Fig 3. TERRAexpression in both isolated freshly harvested epithelial and stromallteRRA 1eRa-
4010013022 TERRAl6pand TERRA 20qglevels were higher in stromal fractigm=3) when
compared to the epithelial fractign=3), however due to the small sample size no statistical analysis
was performed

Healthy human endometrium demonstrated a dynamic pattdfaRRAevels in he pre and

postmenopausal endometrium (F&).

Individual TERRA had a uniqud ERRAspecific pattern across the menstrual cycle in the
healthy endometrium (Figl). Ch-20g TERRAlevels were increased in the secretory phase
where glandular proliferation is low and the highest levels were observed in the proliferatively
guiescent postmenopausal endometrium (FZ0.0he lowest levels were seen in the

proliferative phase where celdu proliferative indices were high (F&).

Eutopic endometrium of women witlendometriosis shoed no significant
difference iInTERRA levels

We examined the secretory phase endometrium of women with endometriosis, a benign
proliferative disease postuéat to be associated with progesterone resistance and -a well
established high endometrial TTAlapangama et al., 2008b)

TERRARNA levels were not significantly different between women with and without
endometriosis (TERRALleR4¢-10013022q P=0.07, TERRA16p P=0.45, TERRA 20q
P=0.28 Mann Whitney te3t(Fig.5).
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Fig 4. TERRAexpressiorin human endometrium across different phases of menstrual cycfmsand
menopausastate Levels of TERRALeRG4010013022q and TERRAL6pwnere higher in secretory
(n=9) phase of menstrual cycle when compared to proliferativee dna$) TERRA 1eRa4q10¢
13022qP=0.23,TERRA 16/”=0.09; Mann Whitney testJERRA 20devels weresignificantly high

in postmenopausal endometrium (n=Ompared to thproliferative phase on menstrual cycle (P=0.02,
Mann Whitney test).

Endometrid cancer is associated with significant decrease imMERRAs

TERRAIlevels were decreased in EC when compared with the healthy postmenopausal
endometrium (Fig) and the reduction was significant for both-B8p (P=0.002) and GR0q
(P=0.0) TERRA.

TERRAlevels did not change with tumour grades or stages dHiLC7).

Telomerase activity is higher in proliferative phase of menstrual cycle and in
ECs

TA is found in the endometrium in spite of it being a somatic organ. It has been previously
reportedhat TA is low in stromal component of the endometrium, compared to the epithelium.
During the menstrual phadeigher trend for TA in the proliferative phase compared with the

secretory phase (P=0.04, Mpand postmenopausal endometrium (FP24).
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Fig 5. TERRAexpressionn eutopic endometrium of women with endometriosis compared to secretory
phase endometrium in healthy womdrevels of TERRAleRa40-10013¢220 TERRAl6pand
TERRA 20dn eutopic endometrium (n=10) were similarsecretory phase (n=9) of menstrual cycle
(TERRA1eRG-40-100+130+22qP=0.07,TERRA 16°=0.45TERRA 20d=0.28; Mann Whitney test).

Endometriosis is thought to be a benign proliferative disease associated with high TA.
Similarly high TA is seen in ECs cqrared to postmenopausal ph#g€0.18, Fig.9) whilst no

significant change was observed in TA for the different grades (Jig.9

Endometrial TERRA levels correlatedvith each otherthe proliferative
marker Ki67, PR steroid receptorand shelterin protein TRF1 but did not
correlatewith TA and hTERC

TERRAIlevels of all samples (healthy and pathological) demonstrated a strong positive
correlation with each other (€l-20-40-1001322gandCh-16p, r =0.49, P=0.00Ch-1g
20+40-1001322qandCh-20g = 0.48, P=0.00XCh-16p and 20q, r =08 P=< 0.0001) but

did not significantly correlate with TAdowever, when the benign endometrium is considered,
Ch-16p TERRAIlevels correlated positively withTERC levels (r =0.32, P=0.03). In all
sampes, Ki 67 proliferative indices correlated negatively with- I&p and CH20g TERRA(r
=-0.35, P=0.03; r =0.42, P =0.01 respectively).
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Fig 6. TERRAexpressionin ECs compared to postmenopausal healthy endometriiavels of
TERRAL16pand TERRA 20gn ECs (n=24) were significantly decreased than in jpoeshopausal
endometrium (n=7) TERRA1eRG4010013022q P=0.36, TERRA 16p**P=0.002, TERRA 20q
***p=0.001; Mann Whitney test).
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Fig 7. TERRAexpressionn low grade (EAC grade 1 and 2) (n=13) amghihgradeECs (EAC grade 3
and type 2 ECs) (n=11There was no change in levelsTERRALeLG40-1001322g TERRAL16p
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andTERRA 20adn different grades dECs (TERRA1eR+40-1001322qP=0.49 TERRA 16/=0.22,
TERRA 20¢°=0.73; Mann Whitney test).
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Fig 8. TA in human uterine tissues measured using TRAP. (A) Comparison of TA in endometrium
(n=3) and myometrium (n=4), shows TA higher in endometrium (P=0.23; Mann Whitney test). (B)TA
across different phases of menstrual cycle andmpesiopausal endortreim (n=6) TA significantly

high in proliferative phase (n=6) compared to secretory phase (n=6) of menstrual cycle (*P=0.04; Mann
Whitney test). (C) TA in secretory endometrium of healthy women (n=6) compared to women with
endometriosis (n=10). TA highé&m endometrium of patients with endometriosis, however this is not
statistically significant (P=0 .18; Mann Whitney test).

Ch-16p TERRAcorrelated negatively with the LESQS scores for PR-0.40, P=0.02). The
LESQS for other hormone receptors did slebw a significant association witleERRAlevels
(Table5). Shelterin proteins TRF1/2 are known to interact WiERRAand immunostaining
and quickscores for TRE positivelycorrelated with CHg-20-40-10013¢-22q, Ch-16pand
Ch-20q TERRA levels (Chlg2d4¢10013d22g r =049, P=0.00; Ch-16p r =061,
P=0.00BndCh-20q r =053, P=0.0@, Table5).

Telomere length inEC

When STELA results were analysed, there were differencedserved between healthy
postmenopausa@ndometriumand EC samples in both telomere lengths and variance (SD) of

the distribution at the XpYp chromosomes.
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Fig 9. TA in postmenopausal endometrium and ECs. (A) Comparison of TA inrpeabpausal
endometium (n=6) and ECs (n=20), shows TA higher in B@svever not statistically significant
(P=019;, Mann Whitney test). (Bbn this study, it is noted that there is no chang&Anin both low
grade (n=10) and high gra@&s (n=10)(P=0 74; Mann Whitney test).

Postmenopausal endometrial sampleemonstrated considerable telomere length
heterogeneity with telomeres at XpYp chromosomes ranging in one sample from 1.3kb to 21.7
kb (Fig 10A).

Consistent with previous reports (reviewedAmnafakh et al., 2019) ECs displayed shorter
telomeres when compared with healthy postmenopausal endometrium (P=0.Q@B)Fig

We found a trend towards a decreadeelomere lengths in older women; however, this
difference was not sigficant (Spearman correlation r=0.01, P=0.91, Fog).

Discussion

| report the first comprehensive study on the levels of longocoding RNAs, TERRAIn
healthy human endometrium in pre and postmenopausal women, argréssion in benign
(endometriosisand malignant(EC) endometrial proliferative pathologieBhis study reports

levels of three differenfIERRA in the context of TA, ovarian hormorexeptor and shelterin
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proteins TRF1/2 expression levels and proliferative indices of the same -okstieetd

endometrial samples.

All methods available to measuF&ERRAevels have methedpecific drawbacks g°PCR may

be biased by the production of shtvanscripts, modified northern blot protocol may measure
UUAGG content rather thamERRAand RNAFISH problematic quantification and may
underestimate nucleafERRA We selectedjPCR for its superior quantification utility and

reproducibility.

Human edometrium is a unique somatic organ demonstrating dynamic TA, which regulates
epithelial proliferation(Hapangama et al., 2008i§yalentijn et al., 2015 (Hapangama et al.,
2017) High TA levels were observed in the epithelial compartment, which has relatively
shorter telomere lengths compared with the stromal &&lentijn et al., 2015)A paradoxical
higher TERRAIlevels were observedn the isolated stromal cells when compared to the
endometrial epithelium. In agreement, in benign healthy endomeffiiRRAlevels appear

to negatively correlate with epithelial proliferative indices. During the menstrual cycle, the
lowestTERRAlevels were observed in the proliferative phase, which has been reported to be
associated with high TA and relatively longer telomere leifgtdentijn et al., 2015)For
exampleCh-20 TERRAevels were upredated in the in the secretory phase, where glandular
proliferation is low, and the highest levels were observed in the proliferatively quiescent
postmenopausal endometrium. Collectivetyy data suggesTERRAmay have an anti

proliferative function in théduman endometrium.

Each of theTERRAlevels had a unique pattern suggesflitRRAspecific regulation. Non
replicative cells with shorter telomeres undergo subtelomeric rearrangement during the
quiescent phase, and this further results in increased transcription -cbtiog TERRA
agreeing with our data fath-20 TERRA(Maestroni et al., 2017)0ther studies also have
demonstrated thatuiescent telomerase positive yeast cells have higHeRRA levels

compared to the replicating ce(lglaestroni et al., 2017)

TRF1 and 2 are shelterin proteins which protect the chromosomal ends from fusion and
initiation of DNA damage response, help regulate TA through a negative feedback mechanism

(van Steensel and de Lange, 1997)
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Table 5. Correlation of TERRA 1, TERRA16 TERRA2 O , AR, PR, ERU, Er b, Ki IerERC inTalRéndothetrial Barples?2 1

TERRAL TERRAL6 TERRA20 AR PR ERU ERD Ki67 TRF1 | TRF2 TRAP hTERC

TERRA r 0.4885 0.4841 -0.0816 | -0.1068 | -0.0579 | 0.0156 | -0.147 | 0.3324 | 0.4884 | -0.2192 | -0.0343
P 0.0008 0.0009 0.6465 | 0.5543 | 0.7411 | 0.9293 | 0.3854 | 0.1307 | 0.0072 | 0.0953 0.785

TERRAG6 | r 0.4885 0.7792 -0.2828 | -0.3997 | 0.1462 | 0.1325| -0.3487 | 0.2309 | 0.6079 | -0.2362 | 0.1031
P 0.0008 < 0.0001 0.1051 | 0.0212 | 0.4019 | 0.4479| 0.0319 | 0.3011 | 0.0005| 0.0717 0.4027

TERRARO | r 0.4841 0.7792 -0.1727 | -0.2094 | 0.198 | 0.0831| -0.4156 | 0.34 0.533 | -0.1509 | 0.0776
P 0.0009 <0.0001 0.3288 | 0.2423 | 0.2543 | 0.635 | 0.0095 | 0.1216 | 0.0029 | 0.254 0.5296

Table 5. Correlation of endometriiERRAIlevels with each othehTERGC steroid receptors, shelterin proteins and TERRAshow a strong positive
correlation with each other but no significant correlation with TERRA 16@ndTERRA 20gr =0.78, P=< 0.0001TERRA16@ndTERRA 1eRa-4¢10q¢
13g22q r =0.49, P=0.00ITERRA 20@ndTERRA 1eRq40-10¢13229= 0.48, P=0.00L TERRA 16@mnd20qnegatively correlate with Ki6fTERRALGp,

r =-0.35, P=0.03TERRA20q, r =-0.42, P =0.0L TERRA 16mositively correlated witthTERCin benign endometrial samplés=0.32, P=0.08 Amongst
steroid receptorsTERRA 16orrelatednegdively with LESQS score for PR € -0.40, P=0.02 All TERRA positivelycorrelated with TRE quick score
(chig20-40-100-13g-22q r =049, P=0.4,; chi6pr =061, P=0.001ch20gr =053, P=0.0@). (I would like to thank the followingollaborators have helped
me with obtaining all data for the correlation study: TRAP Dr G Saretzki, TERR2q4mq+13¢-22g Shannon Simon, TRF1 Dr Lucy Button and steroid
receptors Dr Rafah Alnafakh).
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Fig 10. Telomere lengths inpeste nopausal endometrium and ECO6s (A
differences intelomere lengthheterogeneityand variance (SD) of the distribution at the XpYp
chromosome# postme nopaus al endometrium (n=7) and ECO6s

telomeres compared to pestenopausal endometriuftt P=0.002 (C) Correlation of telomere lengths

with age, showed no statistical significance however there was a trend of shorter telomeres in older
women (r=0.01, P=0.91 (I would like to thank our collabotars, Dr Rhiannon Jones and Prof Duncan
Baird, University of Cardiff for kindly performing the STELA experiments)
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The publically availablen The Cancer Genome Atlaso (TCGA)
(TCGA) dataset suggests high expression of TRF1 in ECs to be a poor prognostic indicator
(Fig 11). FurthermoreTERRA can bind to other chromosomal locations other than telomeres
(Schoeftner and Blasco, 2008)d the interaction betwedfERRAand TRF1/2 ensures that

these transcripts rean tethered to these telomeric domdineng et al., 2009)n our study,

TRF1 protein expression correlated with-20 TERRAand therefore the potential interaction
between TRF1 an@h-20 TERRAmNay have a regulatory effect on other telomeres as well.

Kaplan-Meier survival curve

B High TERF1 expression Surviving
B Low TERF1 expross Surviving

g
1
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Fig 11.KaplanMeier survival curve in TCGA daset for uterine cancer patient cohort shows that
high TRF1 is associated with poor survival.

Endometriosis is known to be associated with progesterone resistance and high TA
(Hapangama et al., 20088IthoughTERRAlevels did not differ in the endometria of women

with and without endometriosiSERRAevels were significantly low in ECs with known high

TA (Kyo et al., 1999a)Recent study analysy the endometrioid and serous cancer samples
from the TCGA dataset, reported EC to be one of the cancers with the shortest mean telomere
lengths amongst 31 different canc@arthel et al., 2017)n cancers without high TA, longer

telomeres associate with higERRAevels. Therefore, we psent this interesting observation
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in ECs the opposite to be true, with high TA, short telomeres, and refikédAlevels. The
benign endometrial proliferative condition endometriosis which also has high endometrial TA
but longer telomeres, does not dentoate significant alterations INMTERRA levels.
Contrastingly, EC with high TA but shorter telomeres is associated withTIBRRA
suggesting more complex, patholegpecific, telomere biology. Furthermore, considethng
proposed antielomerase action GERRA the reduction of ERRAmMay provide a proliferative
advantage for the ECs. This aspect wag&unther studies to ascertain the functional role of
TERRAIn the endometrium and in EC.

In conclusion, TERRAlevels are dynamic in human endometriumd agnificantly lower
TERRAlevels are found in ECS’he dynamic changes iRERRAlevels suggest hormone
regulation and therefore | progressed to examine the hormone regulali&iRBfAlevels in

the work described in Chapter 8incemy study has showidERRAlevels to be inversely
related to the cellular proliferative indices, furterdies are needed to determine whether they
can be successfully modified and tailored as a therapeutic target in endometrial proliferative

conditions
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Figure 1. Schematic representation of 3D ar
compartment, demonstrating complex basalis
reproduced aTemppstul, Uanserh M, Bakdr yAM, Hill CJ, Hale M, Magee D,

Treanor D, Wright NA, Hapangama DK. Histological 3D reconstructionimandvo lineage

tracing of the human endometrium. J Pathol. 2020 Aug;251(4%840 doi:
10.1002/path.5478. Epub 2020 Jun 30lP; 32476144.

l17destradi ol and oestrones are two main oest
(Vani et( @Grlanda&l0leCBCendr B.a?2Bokt8nf oestrogen and p
their functional effects via specific, high

of downst(€hbhmugenasnd.TKreaupsr,og2Gl1k)r one and o0E€
signalaltihnvgeys are regul ated in -apeepfit bemanme
There are two UapntmWEmschfaER, siERi |l ar in str
di stinct patterns of d¥X¥mpweddi amdi KPd@mffgthgt Ot
recept) orbsav(ePRt wo i sof or ms, PR A an@J®®olBs emwh
and Hor wi tAR i2901a&2 )nucl ear r ec eapcttoirv antheidc ht rfaunnsc
facitloee and Chareg,t o230 @hpee ARadi aettly or by
intUdi "ydrotestosterone (DHT), whleeh ansd tChean
2003)Endometrium is also an organ with intra

153



demonstratedpresnsiometof aéenexymes capable of ¢
testoster dqbe mandi DET.l | St vedi easl .on 2r0cldent uter
that androgend$ anidmali adfergnowati on of endome
and this effeqKamal semi labiowe @OrERbt)he findin
stimul ated uterine hypertrophy are not prove

bet ween coactivators and co repgrndsgcersg i wmigt a

of steroid receptors is that they interact
remodel ling, chaperones, HiGrdintg eaf amtdh eHra gterr
Studies have demonstrated that there is <cy

endome(tMyiluomas et Haman @& th@d&mhettrriomng ER and PF
durt hpgroliferative phase, which (Mecnteasestdl
20Q01)Proliferative endometrium extphged el lairg
component as a result of(Bncydassdlgpeabsaceld
20B8@dye reportedbeéebptegdiammduil ar hiEqRhest i n
eclines throughout the secretory phlase of
i stribution, action and Wirtaniss rri pdrotnead tehlf &
f PR is oestrogen depen¢{d&avoandti,pfabbueetlh

t 1a994aPR expression in glandular component

o ® O o o D

ecreases after ovulation. I n endometri al S
hr outghmewmtst r u@bnicjyccdres. eAmahgst 1B®®LNHi ti siosf or

—+

t hought that PR A induces cell senescence al
(Dait al ., AROB@3%itive cells in thephaared i ona
endometrial fibroblasts, and these (&ri é salnso
et al. ,l R0sde89gretory phase, AR is downregul at
andegpltated when progesterone | evels declin
progesterone receptdvrarmbvcill atewh Vad a k, @ gd0elils) b & .
The reguRaby omnadfodens i sfoowardemedhaoni m a
action in th€hadkdame.t rfadmt, €eWi9kence suggest s
oestrogens positively regulate AR expression
endome(thujuimmot o,(eMeratle.n,s 1€98u5a)k on 2(ONahr) v. e k a2r0 0e3
al .,. 2004)

Post menopausal endometrium i s mainly compose
stratum basali s. Post menopausal mi | eu has
progesterone, but presence of o0estreomd &EMRd ¢

154



and PR expressi(@O®i virni deinsd oamed r Giuakk a mananetl akl ,
reported that postmenopausal WBardd neeitdiduer hEBER
PR expression compared to basdIKiasnallayer adof ,p
Human endometrium undergoes a complrexutunee
peri od, t he processes i nclude proliferatio
di fferentiati on, matri x remodelling, and all
The common exogenous hor monesr axhtiicche aarned uhsaevd
in regulation of endometrium are oestrogen,
Oestrogegqr omtdhucef endometriumGrioatdellsulear al
and oestrogen triggers endometri al angiogeni
by upregul ating angi o(gRwnn yca d eaecrt g Gesto salb. b, i 820e0t
20Q7)Conversely, progesterone | eads to decr e
(Taraborrahtdi duebDdag) t he |l ut eal phase, it a
devel opment and differentiat(iRomeof edt Bldangt 1¢
term use of androgens does not st ilmuwlgatne hui
effect of androgens on (HEengnédomatriudO00D3)no
GnRH agonaminsi hpvel i ferative effect i n huma
arian steroiadipreoccducetfifecenc {aEmoth nbsye bt &p Rpit b 9 |
oni sts not only reduce the production of
strogen in(tisdidmadamettr iabm, 2003)

c hdapntge rls de monhsTBER@TEEHR RARIted t hroughout t

(0]

<

cle and changes in | evels were noted in j
dometrisugmgledmmenal .Theguwlfaotriegn to further s
gul ahTERG@AERRA Vel s, I explored the effeci
dometrialhTephpR@TMER R AViencsulisli ng an Edse lalb | i ishe
hi k®&ael( model. | SK cells contain all 4 ov
sponsi ve. F ur tihne riinoovroeo, n atl o hr desgfud & R ke e | s

endometri al samples derived from women

® O
>S5 ® w S OO SO < S 00 @

mud li ng-e shtyrpoogeni c status and LevonbU§estr el
roviding high dose synthetic progestogens)
fect on the endometrium hence mithbcsedheapo
igh doses of progestogen in the endometri a

ndometri um. Both these hor monal agents wel

® ® T @d T O”
-

ndometri al proliferation and i n-r elgatciimmo geih ¢

155



proliferation, induce apoptosis and are us:e¢
endometri al hy pe(rBprhoanssi aa nodr GrauRdyb gEeGt @0 a@idé¢
oestrogen driven proliferation ca(@Kipmoande
Chap@awi s, 2010)

Materials and Met hods

Endometrial tissue sampl es

Det @aif |l $ he Et hi cal appnilékrad o mater iparlo vs adnepdl e sn w
from women without any endometri al pat hol og
any hormonal treatment for at | east 3 months
and women in post=mMenopaMosneln pgereiade d( wi t h e x«

as Gonadotropin releasing hormone (GnRH) ago
system WE/NMBi rena, n=11) also donated endomet
were dated adogr ciang ctroctlreirisgntee dan dasgatmeelrstt r ua
Once coll ected, endometrial and myometrial s
placed in i) RNAIlater for RNA extraction, i/
for BRARY. Three further endometri al sampl es
previously descri(bvead efndrn | ce lefta t<ddegnant &iQiliady i ccoa
and demographic details were retrieved from

Table 1. Demographic details of patients included in this study

Study groups (n) *Age (years) * BMI (k¢
Proliferative phase (7) 43(3257) 27.8(2240.5)
Secretory phase (9) 41(2147) 22.6(18.931.6)
Postmenopausal (7) 62(5285) 24.3(2039.6)
Women "I"l'JtrS‘ tf‘l’;’”orgesne' 34.5(2647) 25(18.833.4)
Women treated with GnRH 41(3249) 31.1(21.835.5)

analogues (10)

*Data expressed as median (range)

156



BMI- body mass index

RNA extractionghPORM Real Ti me

RNA was extracted, quantified and reverse transcribed as previously desecridepter 3

(Mathew et al., 2016) cDNA was amplified using iTaq universal SYBR Green supermix and

CFX Connect Real Time System (BRad, Hertfordshire, UK). Forward and reverse primers
used,andthe reaction conditions are listed in Table 2 and 3. Relative transcript level was

cal cul at ed mathodh gormalisez to ghepi€f€rerymnes, beta actin (ACTB) and
peptidylprolyl Isomerase A (PPIA) using Bio Rad CFX Manager {Baml, Hertfordshe,

UK).

TRAP assay

TRAP assay was kindly per Lteoatmerdg eb RegDerar&ahb,r i
Biosciences Institute and Newcastle University Institute for Ageing, Campus for Ageing and
Vitality, Newcastle. The protocol is as describedchapter 4 TA was measur ed
Tel oTTAGGG TRAP assay (Tel omer e Repeat A mj
Di agnosti csHi ILIt,d,UKBu ruwse(sksg! 4 ®gi oh Amphak £j cao
produceér a30 cycles were measured as absorba
reader (BMG Labtech) and presented as AU.

Table 2. Primer sequences used for g°PCR amplification

Primer Sequence References
PPIA F : -AGACAAGGTCCCAAAGAC-3 (Jacob et al.,
R: BAGCACCCTGACACATAAA-3 2013)
ACTE F:5TGTACGCCAACACAGTGCTG3 (Wang et al.,
R:5'GCTGGAAGGTGGACAGCGA3 2015)
F : -8536CTTCCACCGTTCATTCTA3 .
ERE R: SCETGAAAGGCCTGAACCTG3 (Chaietal., 2011)
F:5'GAATCCTGCGCACCGAGAT (Diman et al.,
TERRA Ch 124010134229 | 5.5 cTGCACTTGAACCCTGCAATAC 2016)
F: 5TGT GTT TCA ACG CTG CAA CTG (Wang et al.,
VAR Cinilele R: 5'AGT TAG AAC GGT TCA GTG TG 2015)
F:5'GAAGTTGCTGGGTTCTATGG (Montero et al.,
IR 20 R:5'ATGGTGCAGACACTGTGG 2016)
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Table 3. qPCR Conditions

Initial Denature | Anneal / Cycles Efficiency
Denature Extension
PPIA 95°C 2min | 95°C 5s 60°C 30s | 40 100.1%
ACTB 95°C 98°C 5s 95°C 10s | 40 94.6%
10min 60°C 30s
§ TERC 95°C 2min | 95°C 5s 60°C 30s | 50 86.1%
g TERRAlg2g-4q | 95°C 98°C 5s 95°C 10s 50 101.1%
. 100-13¢22q 10min 60°C 30s
TERRA 16p 95.1%
TERRA 20q 105.2%

Abbreviations:PPIA, peptidylprolyl isomerase AACTB betaactin

Cell culture

All cell-culturing procedures were performed under sterile conditions in Biciasg 11 hoods

(CAS, Manchester, UK) by Dr Rafah Alnafakh. The cell culture protocols available at the

t h (Cf WHR)
mentioned below were cultured at the Cf\WHR laboratofiesls weresubsequently pelleted

for TRAP and RNA extraction for gPCR.

Centre for Wo menos He al Research

Ishikawa cell line culturing

The culturing experiments were kindly performed by Dr Rafah Alnafakh, PhD student,
University of Liverpool. The protocol for ISK cell line culturing used by Drd®aflnafakh,

is as described below. The ISK cell line, which was developed from dliffelientiated grade

1 human endometrial adenocarcinoma was obtained from Public Health England (Salisbury,
UK). These cells were maintained and grown in a 10 cm cullisiecontaining MEM/F12,

10% FBS supplemented withdlutamine and antibiotic penicillin / streptomycin. Cells were

incubated aB7 C under 5% CO2 in humidified atmosphere. The medium was changed 24

hours after seeding and renewed at intervals of 48 haniik cell culture achieved sub

confluence status. Cells were passaged at 1:5 dilutions using trypsin, the 3rd to 12th passages
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were used for the experiments. The cells were prepared for steroid treatment by preconditioning
in DMEM/F12 (phenofree, Life Technologies, UK) supplemented with antibiotic and 2%
charcoalstripped FBS for 48 hours prior to the experiment.

Il n “iotrrmmne treat ment

The protocol foin vitro treatment of cells used by Dr Rafah Alnafakh, PhD student, University
of Liverpool is as described below. Cultured ISK cells were maintained in Dulbecco modified
Eagle medium/F12 medium supplemented with 10% (v/v) fetal bovine sergintdmine,

and pertillin/streptomycin at 37C in a 5% CO2 atmospherksK cells were allowed to grow

in DMEM/F12 (phencired free; Life Technologies, Paisley, UK) with 2% (v/v) chareoal
stripped FBS for 48 hours prior to the hormonal treatment. The cells were treated Wvith
oestradiol(E2; 108 M), progesterone (P4; 1DM) (progesterone; Merck, Nottingham, UK)
and5 U di hydr oDHTs16 %asdt1@ M)dndieidually and in combinatiofE2+P4)

for 12-72 hoursThe experiments using DHT tested tamncentrations, (1) DHT 18M, the
physiological dose and P supraphysiological dose were examined at 0, 12, 48 hours.

The medium containing progesterone was changed twice @dlilgell culturing procedures
were accomplished under sterile condiiamBioMat2 Class Il hoods (CAS, Manchester, UK).

All cell culture reagents and steroid hormones were purchased from-8igneh (Dorset,

UK) unless stated otherwis€ells were subsequently pelleted for TRAP and RNA extraction
for gPCR.

-
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' cells / —
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178 oestradiol (E2) 10°® M | progesterone (P4) 10° M Combination of 5a dihydrotestosterone S5a dihydrotestosterone

E2and P4 (DHT} 105 M (DHT) 108 M

Treated at different time points

| .

TRAP aRT PCR oRT PCR qRT PCR
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Figure 2. Diagramatic representation of cell culture and hormonal treatment experiments and methods
used.

Results

Telomerase activity has variable response to different hormones

The effect of the 3 main ovarian hormone treatments were tested in thénsatne model

using the hormone responsive endometrial epithelial cell line, Ishikawa. Ishikawa cells grown
in 2D were tested with (1) E2, (2) P4 (3) E2+P4 in combination anBHg) 10 ¢ M and (5)

DHT 108 M.

TRAP data fromn vitro studies on endometrial epithelial cell line, ISK, demonstrated a slight
increase and decrease in TA in response to E2 at 12 and 48 hours respectively. TA levels
decreased with P4 and combination of E2+P4 at both 12 and 72 hours however, none of these
changes were statistically significant (Fig 3.2 A and Fig 3.3 A). With both DHT 48d DHT

108, TA increased initially at 1Roursthen decreased at 4®urs (Fig 3.1 A, Fig 3.4 A and

Fig 3.5 A).

Progesterone increaseTERC levels in Ishikawa celldn vitro

hTERClevels appear to increase with E2 (Fig 3.1 B), E2+P4 (Fig 3.3 B) and P4 (Fig 3.2 B)
treatment at 0,12,72 hours however, significant increase was only seen 72 hours after the
treatment with P4 and E2+P4 combinaticatment {E2; P9.72, KruskalWallis test, E2+P4;
P=0.002, KruskalWallis test , P4; P=0.011, Kruskdlallis test}.

Although there was a trend of increa$dERClevels after 16 M DHT treatment at 48 hours

(Fig 3.4 B), in the cells treated with 1, there was an apparent decrease from 12h but the
effect appears to wear off by 48h (Fig 3.5 B). None of these diffeseraehed statistical
significance. Unfortunately, DHT experiments using both doses of the hormone did not include
assessment beyon8 Aours of treatment unlike with the E2 and P experiments. Therefore, the
effect of DHT treatment on tHeTERClevels on Ishikawa cells is not complete comparative to

the other experiments with E2 and P4 hormones.

TERRA levels in Ishikawa cells after mmone treatmentn vitro suggests a

variable cell specific effect.
TERRA 16pevels appear to increase with E2 (Fig 3.1 C), but they decreased with E2+P4 (Fig

3.3 C) and P4Fig 3.2 C) treatment at 0,12,72 hours however, significant increase was only
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seen 72 hours after the treatment with progesterone alone and both E2+P4 in combination
{E2;P=0.72 KruskatWallis test, E2+P4; P6.04, KruskalWallis test , P4; P8.001, Kruskal

Wallis test}.

TERRA 20@ppear to have variable response to all hormamésout any significant trend in

the levels {E2;P#.97, KruskalWallis test, E2+P4; P8.51, KruskalWallis test , P4; P9.84,
KruskalWallis test} (Figure 3.1 D to Figure 3.3 DWhen treated with lower or higher
concentration of DHT, there was varialsesponse ifERRA (16p and 20dpgvels to both 10

®and 10 concentrations {DHT 18 TERRA 16 P=0.86,TERRA 20¢P=0.79and DHT 1¢

TERRA 16 ?=0.26, TERRA 20dP=0.16} (Fig 3.4 C&D, Fig 3.5 C&D).
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Fig 3. TA,hTERC TERRA 16@ndTERRA 20devels in Ishikawa cells after hormone treatment (n=3

in each hormone treatment group). (3.1) TA levels showed a slight increase and decrease in TA in
response to E2 at 12 and 48 hours respectihdligRClevels appear to increase with E2 treatment at
0,12,72 hours without statistically significant chanERRA 16gdevels appear to increase with E2
treatment at 0,12,72 hours howev@ERRA 20gappear to have variable response, without any
significant trend in the level$3.2) TA levels decreased ah@ERClevels appear to increase with P4

at 0,12,72 hoursTERRA 16pevels decreased with P4 treatment at 0,12,72 ho&RRA 20@qppear

to havevariable response, without any significant change. Significant increase was only seen 72 hours
in hTERClevels andTERRA 16evels after the treatment with PATERC; P=0.011, KruskaWallis

test, TERRA 16pP=0.001, KruskaWallis test) (3.3) TA levet decreased amd ERCevels increased

with combination treatment of E2+P4 at both 12 and 72 hours however, none of these changes were
statistically significanthTERClevels appear to increase with E2+P4 at 0, 12halds TERRA 16p

levels decreased WitE2+P4 treatment at 0,12,72 hour. Significant increase was only se€ERC

levels andTERRA 16gevels 72 hours after the treatment with E2+P4 in combinatibERC P=0.002,
KruskalWallis test, TERRA 16pP=0.04, KruskalWalllis test). TERRA 20@ppear to have variable
response to combination treatmgi3t4) and (3.5) With both DHT 10 and DHT 1@, TA increased

initially at 12hoursthen decreased at #®urs There was &rend of increasedTERClevels after 16

M DHT treatment at 48ours, in the cells treated with-3, there was an apparent decrease from 12h

but the effect appears to wear off by 48¥hen treated with lower or higher concentration of DHT,
there was variable responseliBRRA (16p and 20dpvels to both 18and 1 concentrations.
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TA did not significantly change in endometrium from women who were

treated with exogenous hormones

There was no significant difference in endometrial TA when treated by exogenous hormones
(progestogens and GnRH) (Fig 4). It waded that TA is slightly higher in progestoggnsup
compared GnRH group though these are not significant. TA being lower in GnRH group is
most likely due least proliferation of endometrium during treatment with GnRH analogues

which induce atrophic chaeg.

hTERC levels did not significantly change in endometrium from women who

were treated with exogenous hormones

hTERClevels did not show a significant difference in endometrium exposed to exogenous
hormones such as progestogens or GnRH (hypo oestrpdEigc5). Levels ohTERCIin
endometrium treated with exogenous hormones was lower than postmenopausal endometrium

but was not statistically significant.
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Exogenous hormonal treatment of endometrium suggests a complex cell

specific effect on TERRA levels

Endometrium from women on GnRH (hypestrogenic) treatment demonstrated AigiRRA

levels compared to premenopausal endometrium, and this difference was significant for
TERRA 20g(P=<0.01, Fig 6C). The progestogen (LNIBS)-treated endometrialERRA

levels did not show a statistically significant difference when compared with endometrium

from women not on hormone treatments (Fig 6 A, B, C).
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Figure 6. TERRAevels in human endometrium treated with exogenous hormonal treatmetii(ING
(n=11) and GnRH agonists treatment (n=10)). Significant increa4eRRA 20devels in endometrium
treated with GnRH agonist®$<0.01; Mann Whitney test).
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Discussion

Human endometrium is the primary target organ for ovarian hormones. Endometrial epithelial
cells can respond to the monthly menstrual change in hormones, since they have oestrogen,
progesterone and androgen receptors. It has been reported that the gessiag in
endometrium change in response to steroid hormones and genome wide DNA methylation
profiling of endometrium had shown dynamic DNA methylation patterns, interplay between
steroid hormone and these methylome dynamics appear to regulate the teatlametion.
Therefore, abnormalities in these may result in endometrial dysfunction and disorders
(Houshdaran et al., 2014Destrogenprogesterone and androgen receptors are classical
nuclear steroid receptors and their differential expression, in different cells and physiological
states contribute to differential effects of the steroids. The pleiotropic effect of steroid
hormones is deito expression and activity of the-activators and coepressors, and this can

be different in various mammalian speci@sung, 2013) Mechanisms through which
oestrogen and progesterone work is complex, and cell type specific effect of thesed®misn
dependent on expression of receptors, chaperonegguatators and chromatin structure
(Young, 2013)

Oestrogenn vitro did not show significant effect on TATERCandTERRAlevels However

when the endometrium of women in different phases of menstrual cycle and in women treated
with exogenous hormones were considered, higher TA levels in proliferative phase samples
confirm previous reports of effect of oestrogen induction of TA. Pestipausal phase is a
physiological hypooestrogenic phase, whereas GnRH treatment creates a pharmacological
hypooestrogenic state. GnRH treatment was associated with high endomEeRRA 20q

levels and was associated with low TA. There was no differenc@&ERClevels, buta low
oestrogenic state may indu€ERRA 20devels. GnRH and postmenopausal state may not be
the same, as effect of GhnRH on endometrial stroma and various other hormones such as
androgens can change with age. In premenopausal worsesndlometrium is influenced by

lot of hormones such as androgens, oestrogen, progesterone etc, whereas postmenopausal
endometrium is quiescent and postmenopausal period is associated with almost complete
cessation of ovarian hormone production.

Progesternein vitro has showranincrease imTERClevels,a decrease iTERRAl6@nda
decrease iNTERRA 20glevels. Howeverin vivo treatment with progesterone did not

demonstrate any significant effect either h\TERCor TERRAlevels in the endometrium.

Progesteroneb6s direct eff echTERGuadTERRAevelsb s er v €
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in vitro, was observed in a single cell type cultured in 2D system. Howawav, treatment

is rather different, the human endometricomtains multiple cell types including epithelial and
stromal cells as well as leucocytes and vascular cells, existing in 3D configulréiierefore
propose further studies using culture models including all different cell types in the
endometrium usigp 3D model systems to examine the clinically relatable effects of hormones
on the endometrium, to make it more relevant to physiological conditions.

Combination of oestradiol and progesteroneétro showed an increaseTERCand decrease

in TERRA(16p and 20g)evels, similar to the observation with progesterone only treatment.
This suggests that even without exogenous addition of oestrogen, the ISK cells exist in an
oestrogen driven status, and this can be counteracted by adding progesterone.

Interestingly, TERRA 20devels were high in GnRH treated endometrium and future studies
examining the functional effect GIEERRA 20meeds to focus on understanding the role of
GnRH in regulating those functions. GNnRH causes atrophy of endometrial funstioerate

the persistent basalis layer of the endometrium may be preferentially sampled in these women.
We already know from previous studies that basalis layer has higla@léntijn et al., 2013)

This siggest that different endometrial layers (functionalis / basalis) may have correspondingly
different TERRAIlevels. Furthermore, contamination by myometrial cells in an atrophic
endometrial sample is also possible and need to be examined in future studies.

Another limitation of this study is the vitro model used a 2D single cell type culture model
which cannot easily be compared with th&ivoeffects seen in the endometrium. For example

the antiproliferative effect of progesterone on the endometrahds is thought to be an
indirect effect via the stromal cellki et al., 2011)(Valentijn et al., 2015)Ourin vitro mono

culture system contained only epithelial cells derived from an endometrial adenocarcinoma,
therefore it may not replicate the complex epithelial/stromal interplay thus the physiological
effect of thehormone.

In conclusion, there appear to be a hormonal regulation of levelBERCand TERRAIn the
endometrial cells, however, further studies are required to understand the clinically translatable
effects of each of these hormones on the endoméffiaRCand TERRASO clarify if they

have any clinical therapeutic utility in EC.
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Chapter 7: Harmonisation of biobanking standards in

endometrial cancer research
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Introduction

EC is the most commogynaecological cancen the developed world and is the fourth most
common cancer in womdhRerlay et al 2015) In the UKbetween 201-2019 nearly7 women

died of and Z women were diagnosed with EC in the UK every;daiyh 9703new cases and
approximately2500 deaths reportesh ayear(CRUK, 2016- 2018) It has been reported that

the incidence rate of EG increasing rapidly and is estimated to increase b &G0% by 2025
(Lindemann et al., 2010There has been a significant increase in incidence of uterine cancer
inthe UK by 59% sio e 1 9CROK) 8016- 2018) The mortality rates have increased by
24% in the UK over the last 10 yedfSRUK, 20162018a) The mortality rates are predicted

to rise by 19% by 2038CRUK, 20162018a) In early stages the prognosis of EC is good with

5 year survival rate is 92% however reduces to 15% in advatagefCRUK, 2016- 2018)
Finding new prevention, diagnostic, prognostic and therapeutic targets are urgently required to
reduce the high mtality and morbidity rates associated with E&though traditionally,
researchers have used animal models and cell lines to study cancer, they rarely siminatvdhe
environment in humans, thus human tissue samples are critical for EC re$barcasearch methods
such asmmunohistochemistry, based on formalin fixed paraffin embedded tadkweed

study of a limited number of proteirmly. 215 century has seen eltion of molecular
oncology by understanding tumour biology, molecular characterisation of tumour pathways
and processes, development of targeted therdpheseforetissue samples stored in biobanks
collected froma wide range of different patientincluding for example fresh frozen tissue,
urine, blood or saliva, play a vital role in providiagique and essential resoufoeclinically
relevant scientificstudies and also aid to the rapid translationto clinical practice.
Biospecimens are at tleentre of the personalised medicine evolutionary wheel.

Biospecimensstored in biobanks allow exploration of multiple aspects ofndometrial
carcinogenesis usimgvel technological platforms in genomics, proteomics, epigenomics, and
metabolomics that cabe collectively and simultaneously applied to the patient samples in
order to efficiently utilise the resourcedsThis all-encompassing approach is expected to
substantiallyreduce the time taken for new basic scientific discoveridsattslateas new
treatments as well as allowing the samples donated by patients to be fully uliligbd.
previous chapter, | have demonstrated how timing of endometrial biopsies in the context of
hysterectomy and the method of sampling may affect results obtained gormthhapter 3

This highlights how simple deviations in methodology may affect the final results in a study.
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The success of biobanks dependsmarnal and external validity of the generated diaien
the biospecimens whiatepend mainly on their quality, which ign turndependent on the use
of standardised protocols and polici@s biospecimencollection and demographic data
associated with .itVariationsin biobanking processes suchamlecting, processing, storing
different biospecmens and the accompanying phenotypic data makeaiticularly
challengingto extrapolate or to merge data from different stu@f®ensohoff and Gourlay,
2010)(Tworoger and Hankinson, 2008)he lack of standards and uniformitygsnsidered as
a roadblock in cancer reseatmhtheNCI (NCI, 2011) Theirreversiblebias introduced by the
dissimilaritiesin specimens and data collection arelwetognizecandmanyefforts are being
madeby international organizationsuch as NCI, European Organisation for Research and
Treatment of Cancer (EORT@hd theUK biobank(Morente et al., 2006Morente et al.,
2007) (Yuille et al., 2008)(Peakman and Elliott, 2008aught and Lockhart, 2012)

The NCI best practice guidance for biobanks for cancer resesuipportsoptimisation of the
resourcesadvocates the policy for minimising the conditions which could critically affect the
results and quality control or assurance which in turn helps in managing the resource aptly
(NCI, 2011) This guidance haseeneffective in raising the awareness and quality of research
involving bio specimens.

Although this is an importanissue many parameters of interest, including choice of
biospecimensmost robust techniquesquiredand clinical data, are canegpespecific. Thus,
universal biobanking standards are not necessarily applicable to every-tyaecand should

be adapted taa specific disease. The importance of cancer specific harmonisation of
biobanking standards emphasisety the cancer genome al@andoth et al., 2013which
containsaround532 EC samples with RNA sequencing, copy number variation, proteomic,
mutation and microarray data. However, the limited clinical dasaciateavith most of these
samples and datasets severely afféne ability of researchers to draw clinically apphbte

information.

Therefore, EC specific standasaion of the collection of biospecimens with relevant
accompanying clinical data sets is a fundamental unmet need in improving future EC research.
We believe thiswill promotefuture largescale internatinal collaborative research into EC,
which could steer to abetter quality biomarker or treatment breakthrough Similar
harmonsation projects have beeeffectively implemented for other conditions such as
endometriosis WERF EPHect, an@VCARE (Wiegand et al., 2010jHeraviMoussavi et

al., 2012) (Vitonis et al., 2014)(Rahmioglu et al., 2014jFassbender et al., 2014)
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With this background ancbnsidering the finding of the work described in the mresichapter
(Chapter 3), we commencedur study (Harmonisation of biobAnking STandards in
Endometrial caNcer researeltHASTEN) to achieve consensus amongst EC researdbers;
standardie the collection, processing and storage of all bio specimens, aacctirapanying
clinical data for EC researawing toa co-operativeeffort of patients researchersurgeons
pathologists, and tHaobank staffWe proposedo develop standard operative procedure tools

which will beregularly updated anfdeely availalde for future researchers in EC.
Consensus generatioprocesses

There are four formal consensus generation methods described in the litéMaiuret al.,

2011) 1) Delphi method, 2) Nominal Group Technique (NGT), 3) RAND/UCLA
Appropriateness method (RAM), 4) NIH consensus development conference methodology.
Following one method is preferable, nevertheless, a combinaitiovo methods can also be
used, which is referred to be a oOmodifiedo

important differences between different meth@dsrphy et al., 1998)

Consensus Mailed Private Formal Face to | Interaction | Aggregation
development Questionnairey decisions | feedback face structured method

method elicited of group contact

choices

Informal No No No Yes No Implicit
Delphi Yes Yes Yes No Yes Explicit
method
NGT No Yes Yes Yes Yes Explicit
Consensus No No No Yes No Implicit
development
conference
Methods

Generation of the initial tools

Literature search

We performed a systematic review of the literature using the key Wwoeda d o me t r, i a | c a
6ri sk factors6é dbdbage of presentationd, Oparit
or Mirenad, Ohormone replacement therapyo, O

cancer 0, 06col orect al 0 dciaanbceetreés,6, 6 br 6 b g p e rctaennc
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0ant hropometric assessment 06, 0 samerkd onrgedt, r i dusnt
O0bl ood or plasma or serumo, 6salivad, Ourine
best p,éehd tsitloepgat hmar ker s 6, 6cgatabmeadtor vybpome
procedures of ti ss,d, oblamkd nggndtamndlyar fdisdi, d D¢
ti ssue, fluids, bl ood, saliva, urined in Scoc
seach was limited to studigsublishedin the last 10 year©ut of 3464 papers identified in

the initial seech,413papers were selected for further detailed scrusased on théllowing

inclusion criteria

1. Papersvhichinvestigated how thaforementioned factoesf f ect an i ndi vi d
developingeC.

2. Publicationswhich proposed SOPs or best practices for the collection, storage and
processing of the different tissues or fluids.

3. Papers irEnglish language only

4. Papersavailable asull text via all available resources to the authors (e.g., online
resources or library facilities dtWH / University of Liverpool, British Medical
Association (BMA) or Royal College of Obstetricians and Gynaecologists (RCOG).

We further coducted manuadearcles fortherelevant manuscripts referendaedhese

selected papemndthe relevant gidelines from the large bio repositories.

Further development of the tools

15t Local consultation

The local team at Liverpool, comprisingfofir members of surgical gynaecological oncology
team,four Macmillan clinical cancer nurse specialigtgp clinical academics with an interest

in ECresearchtwo pathologiststwo biobank staff members and a medical student, developed
the three forms (Patient data collection tool, surgical data collection tool, biospecimen form)
and aSOPR These forms and the SOP were based on; a) the information gathered in the
literature searclhp ) by considering the forms that wer €
Research Tissue Bank (LWRTH) collect biospecimens and dataE& research studies.

LWH is a tertiary referral regional cancer center for gynaecological cancers and is part of the
Cheshire and Merseyside strategic clinical networks which serves a population of 2.4 million.
The age standardised incidence rat&Gfin the Merseyside and Cheshire cancer network is
18.3 per 100,000 female members of the populaid@IN, 2013b) c) Standard operating
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procedures developed by the National Institutes of Health, Human Endometrial Tissue and
DNA Bank for tre collection, transport, storage of human endometrial tissue and blood samples
of women undergoing endometrial biopsy or hysterectomy formalignant indications
(Sheldon et al., 2011)) sample handling and storage protocol published by the UK Biobank
to collect urine and blood sampl@slliott and Peakman, 2008 he forms were revised and

amended based on the local consultation.

2"d Regional / National consultation

The modified versionsf the threeforms and the SOP mentioned above were disseminated
amongsthreeregional anckightnational research centres involvedE@ research in the UK

and forms were revised assimilating their feedbacktawaddifferent tools, a minimal and a
standard tool were devised. This pragmatic and inclusive approach provides guidance for

coll ecting either a mi setscooaslderiogithe avhilableiredograes. i s t
39 European Consultation

The modified forms were then circulated to all members of the European Network of
Individualized Treatment in Endometrial Cancer (ENITEC) and were further revised according
to feedback rezived. The revised tools were presented at the annual ENITEC face to face
meeting in June 2016, whefe minimal form was unanimously approved by all 47 attendees.
Some further modifications were suggested for the standard tool thus was revised agcordingl
and the revised forms were-pepulated to all participated in the consultations roun@sd

obtain their final approval.

Consensus generation

A modified Delphi system was used to generate consensus regarding the final adapted tools.
For this, theorms were disseminated to a group of selected panel members of representing all
relevant groups of individuals (patients, gynaecological oncologists, researchers, pathologists
and biobank staff, randomly selected from the participants of the consultatidf) to

evaluate and score the tools using a score sheet recording theirdzome

Statistical Analysis
The consensusound to obtain general agreement amongst panel memiaargiuantified
employing a modified Delphi technique and we have reportetiamevith inter quartile range

and also percentages for each category of the Likert scale. A 9 point Likert scale was used
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except for the patient data tool where the scale was reduced to 5 points to reduce complexity

for patient usability

Results

Endometrial Cancer Patient Data (ECPD) Collection Tool (Appendix VI
(1))

An ECPD was devised to capturgal demographic variables that are directly relevant to EC
research that can only be accurately recalled by the patient herself. Many risk tackCs f
such as the age of presentation, the postmenopausal status,(P&@8ey et al., 2010)
nulliparity (Schonfeld et al., 2013garly age of menarci&ong et al., 2015¥amily history

of hereditary Lynch yndrome related cance(Boilesen et al., 2008past history of Lynch
Syndrome related cancers, medical conditions such diglbetiesrg et al., 2007 )previous use

of tamoxifen(Bergman et al., 2000HRT (Beral et al., 20059nd exercise habitgereincluded

in the tool. Some other factors with inconclusive dirtk EC at present such as smoking
(Lindemann et al., 201@ere also included in anticipation of their confirmation in appropriate

future studies.

FigurelA

97 Statisticalanalysis of the ECPD tool

B
1

(5 point Likert scale: &strongly
agree, 2Zagree, 3undecided, 4
disagree, 5trongly disagree)

T T T T T This figure is reproduced as

L published by Adishesh et al,
Harmonisation of biobanking
standards in endometrial cancer

] ] ] I ]
G'\ G“v ofb Gv G‘o research. Br Cancer. 2017 Aug
8;117(4):48%493.
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Statements in the score Score Percentages of responses (%)
sheet forpatients Median
i N ™ < Lo
(IQR)
The information asked in 1 60 40 0 0 0
personal history is easy tg
fill 0=
The questions in medical 1 60 40 0 0 0
history section are easy tg 1.2
understand and fill. (1-2)
Thequestions in past histor, 1 60 40 0 0 0
are easy to understand an
fill (1-2)
The questions in social 1 60 30 10 0 0
history section are easy tg 1.2
understand and fill. (1-2)
Overall, the formiseasytq 1.5 50 50 0 0 0
understand and does not ta 1.2
much time to filit. (1-2)

FigurelA and Table lllustrate the outcome a@onsensus anthe finaltool approved by the
panellists Score for each question in ECPD was obtained using the Likert scale which

assesses thmiitability and usability.

Amongst the panel members, only 2% were undeaiddtie clarity of the questions in social

history section and overall, 98% patients adthat tool was easy to ugeigure?2).

Endometrial Cancer Surgical Data (ECSD) Collection Tool (Appendi/I
(2) and @)

The ECSD included relevant demographic, histological and pre/pogterative features.
Demographic features such as BMas¥or its universal use and reproducibilityin a recent
study(Painter et al., 2016BMI was found ® be a causal factor and was associated with EC

compared with waist to hip ratio. All anthropometric assessments (BMI, waist to hip ratio,
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waist and hip circumferences) are strongly associated with increased risk(lefi€f&nreich
et al., 2007) accurate data on waist to hip ratio or waist circumfererceslikely to be
universally feasibleusing the same reference poirishealthcare teamThe preoperative
imaging detail$ielpto assess the spreaficancerdocally and rule out distant metastadess
important to document the biopsy results ssatdance between endometrial biopsy and final
histology results has been shown to be associated with poorer survival o(N¢emer et al.,
2013) Findings relevant tosurgical gaging also include operative findings, final
histopathologic detailsmvhichis important when correlating with outcoméisis important to
note the mmunohistochemical biomarkeasd prognostic biomarketlat arecorrelatedwith
clinical outcomgLi M, 2013). Standardnformationcollectedtogether with biesamples will
naturallybocst the internal and external validity of theosample quality and the accuracy of
the data generated by using thémaddition, it is important to collect patient follow up data
including theaccuratey documengd cause of dath, whichshouldalsobe updated regularly
until the completion othestandar@sedfollow up period (either 3 years (minimum) or 5 yéars

in UK. Thefinal form is arrangeavhere information collection is separaiado 3 section$

1. Surgical datacompleted at the timeasple collection
2. Histopathology detailscompleted after final stagingsults
3. Outcome datacompletedduring follow up and final at the end of follow up

The results of final consensus are as shown in table 2, wherein we have calculated the median
with interquartile range. There was a high levetofcurrencemongst the panellists for all
sections, except thabmeconsidered sections on the history, antecedent biopsy details and
sample collection details to be not relevéfigure 1B). Overall, %$.25 % of panel members

agreed on different aspects of the tdag(re2).
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9-
g FigurelB
74 Statistical analysis of ECSD tool
[ -
Ei 6 (9 point likert scale: 4Strongly agree, 2
@ 51 .
& Agree, 3Moderately agree,-#ildly agree,
o 41 5-Undecided, éMildly disagree;7-
3 3 Disagree, &oderately disagree9
2 Strongly disagree)
1 This figure is reproduced as published by
0- Adishesh et alHarmonisation of
ool biobanking standards in endometrial canc
Questions research. Br J Cancer. 2017 Aug
8;117(4):485493.

Endometrial Cancer Biospecinen (ECBS) tool (Appendix VI (4) )

Disparitiesin the collection methods and biobanking conditions (processing and storage) may
modify the molecular composition, expression and stability of biomarker p(daleder et al.,

2014) thusuniformity and strictpractices accordintp standard operating procedures is vital
(Moore et al., 2009)Therefore biobank staff with applied experience and knowledge on
clinical biobankingwere involvedn devising amendingandattainingfinal consensus on the
biospecimertool. Onlyafew respondents felt that the tissue processing (both uterine and extra
uterine) section of the form was difficult to understand, whilst all respondents agreed on the
significanceandtransparencyf all other sections. Overall, there was a 94% level of agreement
on the different aspects of this tool. The detailed results ageshown in table 3, Figule€

andFigure2.

Standard operating procedure for collection, processing and storage of tissue
and fluid for endometrial cancer research (SOFECBS) (Appendix VI (5) )

Different tissue such as endometriurmyometrium, extrauterine tissuasd body fluid types

are studied in EC research. The investigationsuchbio-specimens may involve extraction

of protein, RNA and DNA to bassessedsing techniques such as proteomics, genomics and
metabolomicsl devisd thefinal SOP after amalgamating number of separate, detailed
methodological protocols (for example, for centrifugation, filtration, addition of preservatives,
as well as storage temperatures). Availabilityhid information from a biobank will all the

scientists topreciselyinterpret their data; for example, to examine the metabolic profile of
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samples such as blood, tissue, endometrial fluid or aspirate and detect disease specific changes
with confidence especiallywhen collaborating with othecentres (Assfalg et al., 2008)

(Bernini et al., 2009)Studies examining hormongsblood specimenare of major relevance

to the endometrium and some have stddyy utilising nornrinvasive specimens including

saliva and uringShirtcliff et al., 2001) Norntinvasive tests ar@atient friendly andof a
particular interest in clinical research and future wonkréeglictedto focus more on them.

Table 2. Outcome of the final round of consensus for Endometrial Cancer Surgical Dal
(ECSD) Toolusing 9 point likert scale (IQRT interquartile range, 9 point likert scale: 1-
Strongly agree, 2-Agree, 3-Moderately agree, 4-Mildly agree, 5-Undecided, 6-Mildly

disagree, 7-Disagree ,8-Moderately disagree,9-Strongly disagree, n =10.) This table is
reproduced as published supplementary tables Adishesh et al, Harmonisation of biobanki
standards in endometrial cancer research. Br J Cancer. 2017 Aug 8;11 7493485

Percentages of responses (%)

Score - | N || | 1w |Oo |~ |o
. . Median
Questions in the score sheet
for gynaeoncologists (IQR)

Is the section on history
relevant?

Are Antecedent biopsy details
relevant?

Is the Histopathology type
details section relevant and
sufficient?
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Are Outcome details relevant? 2 200 60| 10| 10| O 0 0 0 0

(1.75
2.25)

(4]
]

FigurelC

Statistical analysis of ECBS

This figure is reproduced as published b
Adishesh et alHarmonisation of
biobanking standards in endometrial cang

research. Br J Cancer. 2017 Aug
e o o o 8:117(4):485493.

Questions

Likert scale

O—‘-I:JW-P-

T
1

Table 3. Outcome of the final round of consensus for Endometrial Cancer Biospecimen
(ECBS) Tool using 9 point likert scale (IQRi interquartile range, 9 point likert scale: 1-
Strongly agree,2-Agree, 3-Moderately agree,4-Mildly agree, 5-Undecided,6-Mildl y

disagree,7-Disagree,8-Moderately disagree,9-Strongly disagree n =10) This table is
reproduced as published Bupplementary tables idishesh et al, Harmonisation of
biobanking standards in endometrial cancer research. Br J Cancer. 20871 Au@):485493

Percentages of responses (%)

Questions in the score sheet Score | = ||| | bw|lo|~ |0 | o
for biobank staff Median

(IQR)
Sample IDi Is this relevant? 1 9010/ 0 | O O0O| 0] O 0 0
(1-1)

Methods of tissue processing 2 40 |30|10{10{ O | O | O |10| O
(Endometrium} Is thissection
easy to understand? (1-8.25)

Methods of tissue processing 2 40|30|10(10{ O | O | O |20| O
(Extra uterine tissud) Is this 1-3.25
section easy to understand? (1-3.25)
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Methods of fluid
processing
(Endometrial/Peritoneal/

Blood/Saliva/Urine} Is this
section easy to understand?

2.5
(2-9)

104041040 0| 0| O | O 0

Questions

Statistical analysis of SOP-ECBS tool
{median with interquartile range)

o f—3—

P e — T
Q3 ——l'

Qa
Qs -
Q6 -
Q7 -
Qs -
Q9 -

I
E—
—
1
+——
}———
Q1o F——F—
__—
—
—
—
 _F———
———3——

Q11 o
Q12 4

Q13
Q14
Q15 4
Q16

Likert scale

FigurelD
Statistical analysis of SOECBS

This figure is reproduced as published by Adish¢
et al,Harmonisation of biobanking standards ir
endometrial cancer research. Br J Cancer. 201

Aug 8;117(4):485493.

Overall scores of agreements by different panels for different temlg modified delphi
techniqugGO- gynaeoncologists, RPpatients, BShiobank staff, PATHpathologists)

This figure is reproduced as published by Adishesh é&taamonisation of biobanking
standards in endometrial cancer research. Br J Cancer. 2018, 1Ax{4):485493.

Figure2
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100.00% 05255 38%

94%

50.00% 83.75%

B0.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

8.75% 7.50%

10.00% 5%
3.75% 2%

0 v} 0
0.00% - N
GO PT BS PATH

s AGREE wUNDECIDED wDISAGREE

Table 4.0Outcome of the final round of consensus for Standard operating procedure (SGOI
ECBS) Tool using 9 point likert scale (IQRT interquartile range, 9 point likert scale:
Strongly agree, Agree, Moderately agreeMildly agree, Undecided, Mildly disagree,

Disagree, Strongly disagree n =10)This table is reproduced as publishedsupplementary
tables inAdishesh et al, Harmonisation of biobanking standards in endometrial cancer re
Br J Cancer. 2017 Aug 87(4):485493

Percentages of responses (%)

Questions in the score
sheet for pathologists

Score
Median

(IQR)

Strongly agree
Moderately agree
Mildly agree
Undecided

Mildly disagree
Moderately disagree
Disagree

Strongly disagree

Agree
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Is section: Processing and 2 10 | 50| 20| O 0 | 20| O

storage materials, relevant

and easy to understand? (2-3.75)

Is section: Collectiof 2.5 10 40 | 10 | 10 | 10 0 20

Tissue, relevant and easy t 955

understand? (2-5.5)

Is sectionCollectioni 4.5 10 30 0 10 | 10 | 10 | 30
Blood, relevant and easy tg 2.7

understand? (2-7)

Is section: Collectiof 2 10 80 | 10 0 0 0 0
Urine, relevant and easy to 9.

understand? (2-2)

Is section: Collectiof 2 10 70 0 10 | 10 0 0
Saliva, relevant and easy (¢ 995

understand? (2-2.5)

Is section: Collectiof 2 0 80 0 0 20 0 0
Peritoneal fluid, relevant 9975

and easy to understand? (2-2.75)

Is section: Collectiof 2 0 80 0 0 20 0 0
Endometrial fluid / uterine 9.9 75

aspirates, relevant and eas (2-2.75)

to understand?

Is section: Sample 2 0 70 (10| 10| 10| O 0
processing Tissue, .3.95

relevant and easy to (2-3.25)

understand?

Is section: Sample 2 0 60 | 10 | 20| 10| O 0
processing Blood, relevant 24

and easy to understand? (2-4)

Is section: Sample 2 0 70 20| O 0|10 O
processing Urine, relevant 2.3

and easy to understand? (2-3)

Is section: Sample 2 0 60 | 10 | 10| 10| 10| O
processing Saliva,relevant

and easy to understand? (2-4.25)

Is section: Sample 2 10 | 80| O 0O |10]| O 0
rocessing Peritoneal
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fluid, relevant and easy to
understand?

Is section: Sample 2 10 | 80| O 0 |10]| O 0 0 0
processing Endometrial

fluid / uterineaspirates, (2-2)
relevant and easy to
understand?

Is section: Storage and dat; 2 10 | 70| 10 | O 0O |10| O 0 0
recording, relevant and eag
to understand? 2z

Is section: Freezer check, 2 0 60 | 10 | 10 | 10 | 10 0 0 0
relevant and easy to

understand? (2-4.25)

Is section: Checklist, 2.5 0 50 | 10 | 30 | 10 0 0 0 0
relevant and easy to 5.4
understand? (2-4)

The outcome details of the final round of consensus regardir®QRECBS are as presented

in table 4 and FiguréD. There was general agreement on the user friendliness and relevance
of the tool. Few panellists responded that tissue and blood collection details could be modified
further for clarity. Overall, 83.75% of paltists agreed, 8.75% were undecided and 7.5%
disagreed with different sections of this t@@igure2).

Discussion

We havemodelledevidencebased standard data collection forms ECPD, ECSD (minimal),
ECSD (Standard) and an S@&EBS withcomprehensiveontribution and agreemenbof all
stakeholders in EC cancer biobanking. The final tools vemeeptedby a large mult
disciplinary team and after reaching consenbigufe?2), they are publishekh a welkknown
peer reviewed journal, where they direely available to all EC researchegkbally. These
tools provide a means to reduce confounding factors in the collected datadadadyer

multicentrecollaborativestudies.

182



Our choice of information tbe collecied by researchergas based on critical appraisal of the

best available evidencH.no published evidenaexisted consul tation of the
and the SOPs of the larger biobanks were considenedsuch example cgntrifugation speed

in processing blood.

We have used a modified Delphi technique, wigtriationsfrom the standard techniquehere
multiple rounds of feedbaskare obtained frortine same panel to reassess or reconsider initial
judgment,for participant anonymity, controlled feedback and statisacalysis to interpret

data between the round&eviously, snilar variations to original Delphi system, for example
restricting the ability of the experts to respond to the original question, alterations in the expert
groups, as well as changing the @it have been employéd studie Thompson, 2009)

Repeated use ofsamepanel was unjustifiable faur research aims for the following reasons.

My endeavour was to generate separate formsfoedend points e.g., patient data collection,
surgical data collection, tissue processing information and the standard operative procedures.
Theseclearly requred panel members dalisparatebackgrounds, with different fields of

expertise

The mairdifferencefrom thestandardelphitechnique was the number of consultation rounds
and the end point. Our first two rounds were descriptive in ordeneieopinions and ideas

from different expert panehembers We included their feedback to generate the finalised
forms and SOPDuringfinal round of the consensusur panel members included stakeholders
representing all previous panels to whae distributed a score sheet to each of the panellists
along with the forms tgaugetheir agreement with the final tools. The high percentdge o
agreement observed with the statistical analysis of data obtained from the third and final round,

excludedthe need for any further consensus rounds.

Since morehorough standardised surgical data collection will allowampleteassessment

of the relationship between the surgical phenotypical data with the outcomes of treatments, we
stronglyrecommendhe use of the standard rather than the minimal ECSD tool. Howgver, i
the collection or quality of the data or specimens cannasberedthe minimal set should be
employed. We plan to update these tools in the future through information obtained by
feedback and review of future literatufauturedeliberationan the catext of our initiatives
include generatingan internationally funded web based central database system allowing
voluntary deposition of the information on all biospecimens collected by EC researchers

worldwide, which will be easily accessible to all. Thgproachwill diminish costs and time
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consumedfor the individual research groupsvhilst expandingthe credibility of the data

producedand will offer an apparentcollective platform for newer collaborations
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Chapter 8: Discussion
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EC is the sixth most common cancer in women worldwide and the most common amongst all
gynaecological cancers. Globally, there were 382,069 new cases and 89,929 estimated deaths
reported in 2018 due to E@ray et al., 2018)According to US statistics, unlike any other
mdignancy, the mortality rate due to EC is also increasing (ACS). Similarly, EC incidence in
the UK has also increased by 50% since the nineties and the reasons for this is thought to be
the increase in obesity, longevity and the use of adjuvant tamogiféngast canc€Evans et

al., 2011) Over the next five years, the incidence and the death rate are exjwedts
approximately by 20% and 17% respectiviyay et al., 2018)

Understanding the pathogenesis and molecular gends(s, @iill help to influence the rising

rates of EC and EC related deaths. For example, mortality rate can be reduced with the
availability of good prognostic markers predicting which cancers would recur, and thus
treatments can be directed towards those patiéntding early diagnostic tests and developing

an understanding about the pathogenesi&@©fwere amongsthe top research prios
identified in the James Lind Alliance Priority Setting Partnership exar@Bsdrick et al.,

2019) (Wan et al., 2016)Prevention as well as better personalised treatments for EC are the
desires of patients and all stakeholders providing care fonem with EC. Translational
research underpins these requirements and it invariably requires the use of patient derived

biospecimens.

Considering the above requirements, this PhD project focussed on the following three unmet

needs in EC researchigurel):

(1) to assess the effects of preanalytical variables on the downstream analysis results of patient
derived endometrial biopsies,

(2) to harmonise the process ablizanking ofbiosamples relevant to EC research, and

(3) to uncover new specific mol@lar targets, which could assist in better understanding of

pathogenesis, and consequently to facilitate formulation of future therapy.
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Figurel showsdiagramatiaepresentation dhreemaingoals of this thesis improving EC

researclh{l thank Christopher Hill, University of Liverpool for helping me to create the

diagram)

Improving

research

Excellent quality
of biospecimens

Harmonise biobanking
standards in endometrial
cancer research

Minimise preanalytical
variables

endometrial cancer

Robust and New biomarkers -
accurate data ; : erapeutic
for diagnosis
-Heterogeneity ¥ < . targets
-Collaborations 4~ @nd prognosis
Role of hTERC and TERRA

in telomerase regulation/endometrial
cancer pathogenesis

Understand pathogenesis of
endometrial cancer to uncover
new molecular targets

Although it is expected that preanalytical variables may affect the data generated from

endometrial biospecimens, this important aspect

hasheen previously explored in EC

research. The reliability of molecular data derived from the patierted biospecimens is

dependent on the quality of biospecimens. When quality of biospecimens is altered with

multiple preanalytic variables during treample procurement, they can in turn affect the data

generated and thus, ul

ti mately patientos

pathways(Compton et al., 2019)raditional molecular tests forEwere conducted mainly

ma

on formalin fixed paraffin embedded tissue specimens and on blood/plasma specimens, With

the emergence of newer

technol ogies such

there is a demand for newer biomarkers using diffdsergamples and new high throughput

as

analytic methods. Endometrial biopsies that are suitably collected and preserved are one of the
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most important biosamples to be used in these molecular analytes, and due to their close
proximity to cancer (directly sampb cancer) when compared with other biosamples such as
blood or urine, stakes for generating accurate results from them are expected to be higher. The
focus is on accuracy of molecular tests, which impact patient management is justified since
false positve or negative results may have significant consequences for the patient.
Considering this, the first objective that was realised in this thesis was to examine how several
selected preanalytical variables such as timing of the biopsyfpse hysterectay) or the

method employed to collect the biopsy, may affect the data generated from biospecimens in a

typical study using EC biopsies.

Pre analytical variables affected data generated from human endometrial

biosamples

In paired endometrial biospecimenarfr the same woman, taken before and after hysterectomy
using different collection methods (pipelle or full thickness biopsy), we assess if those pre
analytical variables significantly affected subsequent molecular data generated from them.
Both benign endmetrium and EC samples were included in this study to examine if there were
pathology specific differences were also present. Post hysterectomy specimens are exposed to
warm ischaemia due to devascularisation of the uterus thus we chose to examine three
downstream genes relevant to hypoxia, which maybe likely to be affected. Following
hysterectomy, endometrial specimens were obtained using a pipelle sampler in cancer patients
and using both pipelle and full thickness wedge biopsies from women without E@milihg

of endometrial biopsy collection significantly altered the expression of some hypoxia related
genes. The RNA expression levels of VEGFA, PR wesggnificantly increased in post
hysterectomy sampldsut no significant change was observed in CA9resgsion between
pre/post hysterectomy samples. Variability in method of collection of endometrial biopsy also
significantly altered the expression of some genes in benign samples. VEGFA and PR RNA
expression levels were higher in full thickness samplegpaosad with the pipelle samples. No
change was seen in CA9 gene expression levels between samples collected using the two
different methods. In cancer samples, only timing of the biopsy was assessed and no significant
differences were detected between pr@ ost hysterectomy biopsies with regards to the levels

of three genes tested. Since cancers are proposed to have a more hypoxic environment, we
believe that was the reason for the observed molecular data in cancers. The cancers already

have high levelsfchypoxic genes expressed, thus warm hypoxia may not incur an additional
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hypoxic burden on these samplddy results clearly highlight the important fact that all
samples used in a study should be treated in a uniform manner to reduce the possible influenc
from preanalytic variables on the molecular data generated from them. Research study design,
sample collection should be evaluated objectively prior to the specific molecular analytic
method is employed in a study, prior to commencement of sampletarilec order to
generate credible data. The endometrial biosamples collected blindly using a sampler may
contain tissue which is from the adjacent normal endometrium, hyperplasia or frank cancer.
Furthermore, the samples may also be full of blood clotswecus. The potential cross
contamination of the sample with these different material is an important bias when used
without assessment in studies using methods such as qPCR. When the whole biopsy is
considered as a whole, for example when a full thickeedesmetrial sample is used to extract
RNA and gPCR/western blotting methods are used to generate data, this would not take into
account the contribution from myometrial cells. Techniques such as single cell isolation, Laser
capture and dissection, may better at obtaining specific cell types relevant to a particular
pathology from a whole biopsy to reduce such contamination bias. Chapter 3 of this thesis
provide robust data, demonstrating that the effect on the levels of gene expression by the
preanalyttal variables examined is not uniform, but only some genes are affected, therefore,

generation of spurious data from a study can be prevented by standardised sample collection.

Understanding carcinogenesis in the endometrium to discovery of new

therapeutic targets

The main interests of this thesis is to find clinically useful diagnostic or prognostic tests in EC.
This is also an important area for all EC researchers in general. One of the top ten research
guestions identified in JLA PSP in EC research, has ackngedethat there is a need for
biomarkers which can predict survival and recurrence of the difé&se et al., 2016)The
available histological diagnosis is dependent on symptoms such angruspausal bleeding
(Clarke et al., 2018and it would trigger the use multi modal investigations to diagnose the
presence or absence of EC accurafBlyeholm et al., 2019) Even though there are many
advances in EC classification with the genomic testing araugh the analysis of TCGA
dataset, risk prediction models may be further improved by including reliaineatkers
(Fortner etal., 2017) Recently, there has been a focus on developskgstratification models
specific to EC. For example, Markov modelling of serum screening used a biomarker panel,

which has been shown to be cost effective in obese women& ¢&ars of ag@Havrilesky

189



et al., 2009)Also, another pan cancer panel has been described, but its role in EC screening is
yet to be clarifiedCohen et al., 2018)'herefore, the final unmet need in EC research | have
focussed on in this thesis, is discovering biomarkers which can predisvwb®pment of EC

which may be a therapeutic target.

Cellular proliferation and selienewal are hallmarks of cancer, and these processers are
regulated by telomerase enzyme activafidanahan and Weberg, 2011)Various genetic

and epigenetic mechanisms may be associated with telomerase reactivation in EC, and more
importantly, these associations may have diagnostic and prognostic reléiaaoeet al.,

2018) It is already known that human endometrium is a somatic organ with dynamic
telomerase activity during the menstrual cycle, and telomerase plays an important role in
endanetrial regeneration. Telomerase drives epithelial cell proliferation in human
endometrium, and aberrant cellular proliferation is cardinal feature of carcinogenesis. Benign
proliferative metastatic condition, endometriosis also have high TA. Most obthpanents

of telomerase have been examined in the endometrium and in endometrial pathologies such as
endometriosis and EC. Telomerase activity is very low in-p@siopausal endometrium
(Tanaka et al., 1998put is high in EC$Kyo et al., 19993)Saito et al., 1997 Maida et al.,

2002) Therefore, factors which lead to dysregulation of telomerase enzyme in postmenopausal
endometrium is likely to initiate EGEndometrium is the primary target organ for ovarian
hormonal action, and EC is a hormone responsive cancer, therefore the telomerase biology of
postmenopausal endometrium that is under complex hormotehctions malso have a

role in endometrial@rcinogenesis. Telomeres shortened to a critical length, will lead the cells
into either apoptosis or senescence pathways. Senescence is irreversible growth arrest of cells
with particular morphological alteratioriKuilman et al.,2010) Cells deficient of telomerase

can overcome senescence by expressing certain viral oncoproteins, then continue proliferation
but they will then accumulate chromosomal instability. High telomerase activity has a role in
ascertaining genome stabjliby preventing telomere attrition. Telomerase interacts with
different cellular pathways such as ATM/ATR pathwaynWpathway for telomere
maintenancéDiala et al., 2013)(Tong et al., 2015)Alterations in the intricate relationship
between¢lomeres and telomerase enzyme can lead to cellular functional disruption and trigger
the carcinogenesis process. ECs are associated with high telomerase activity, which maintains
the short telomeres. Further knowledge of the changes in the telomerasenentapand
telomere transcripts may improve our understanding of the pathophysiological processes

leading to EC.
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hTERGpressi cenC | evel s in

Telomerase enzyme has two essential compon@iisRC telomeric RNA and reverse
transcriptase enzyme hTERT. Although there are many studies that have explored the role of
hTERT, in the human endometrium and EC, only a few studies have expl@&&{in human
endometrium and in ECs. Kyo et al have studiedfRERT ancdhTERCexpression in human
endometrium, both in healthy and EC samples. In their shitlgRCwas expressed in all
normal endometrium and there was no correlation betw@&RCand telomerase activity

(Kyo et al., 1999h)In agreement with their study, in our cohtfTERCwas constitutively
expressed tloughout the menstrual cycl@TERC levels, however, were altered in both
proliferative endometrial disorders we examined, endometriosis and ECs. Interestingly,
endometriahTERClevels did not correlate with TA. This discordanceh®ERClevels with

theTA may also be due to the limited sample set included in this study. Another reason for the
noncorrelation may be due to heterogeneity of tumour cells in the specimens USEERE

levels and TA despite them being derived from the same sample. Alteaas suggested

in Kyo et al, it may be due to critical balance of expression of each subunit of telomerase,
hTERCand hTERT levels to express the enzymatic activity of telomerase. Among EC
subtypes, we observed tHaEERClevels to be significantly reed in grade 3 ECs, compared

to other types of cancer. TA levels are high in all ECs, hdtBRCand hTERT are essential

for telomerase activity. Therefore, at least in grade 3 ECs, interference with expression of
hTERCmay be used as a therapeutic targdéthough there was no correlation between TA
andhTERCIevels,in vitro studies have demonstrated that inhibition of TA was possible by
phosphorothioate antisense oligonucleotidasclear localisation signal peptide (SASIDS)
conjugates targetingT ERC(Diala et al., 20Q). Future studies could explore whether targeting
hTERCin grade 3 ECs would inhibit TA sufficiently to alter EC cell proliferation, thereby
assessing the therapeutic potential for that approach in this aggressive cancer subtype EC.
Furthermore, the future studies may also explore the diagnostic anmfahainportance of

the significantly reducetiTERClevels in endometriosis. Since endometriosis is a condition
that is associated with severely delayed diagnosis, and diagnosis often requires invasive
surgery (diagnostic laparoscopy), assessmenhT#ERC levels in an easily obtainable
outpatient endometrial pipelle biopsy is an attractive option.

TERRAIn endometrial carcinogenesis
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Telomeres are ends of chromosomes, which protect the chromosomes from shortening at every
cell division. Telomeres were thght to be transcriptionally silent. But a new class of long
non-coding RNAs, called ERRAare transcribed from telomeres anaRRA have also been
found to participate in telomere maintenance and they were shown to have a role in genome
stability. SeveraPCR based studies have shown thBRRA are expressed from multiple
chromosomal ends in humafieretzaki and Lingner, 201, {Piman and Decottignies, 2018)

In my study, TERRA from eight different chromosomé&h 1¢2¢-40-10¢22qg Ch 16pand

Ch 20q were studiedin healthy endometriumendometrium frombenign prolierative
condition endometriosis anth EC samples In this context, | found thaTERRA were
dynamically expressed throughout menstrual cyCERRAlevels were significantly low in

ECs compared with healthy postmenopausal endometrial samples andelbecterelated
negatively with the proliferation marker Ki6These findings may suggeSERRA to be
associated with endometrial carcinogend&asnal et al., have demonstrated in their study that
AR expression in EC negatively correlated with Ki &his study also demonstrated loss of

AR correlated with unfavourable clinicopathological factors which predicted poor clinical
outcomeg(Kamal et al., 2016bPrevious other studies have demonstrated strong association of
Ki67 score with known pathological variables and high Ki67 score to be associated with poor
cancer outcomgitson et al., 2017However, no correlation was found betwdé&RRAand
telomerase activity, but this may be due to the small sample size included in this study. In ECs,
we found high telomerase activity, shorter telomere lengths an@EdRRAevels. This may
suggest thaTERRAs may have an inhibitory role on telomerase enzyme. As this was a proof
of principle study, | conclude that sufficiently powered future study may help us to explore the

true relationship between telomerase aRRRA.

In some other cancer studid&RRAevels have been associated with prognostic significance.
For example, when HNSCC tumours were divided into two groups, dependdiiRRA
levels, patients with higfERRAtumours survived longer compared with patients with low
TERRAlevel tumourgVitelli et al., 2018) In colorectal cancel,ERRAIs speculated to be an
independent prognostic factor for long term outcomes. In this preliminary smagyersuch

correlation was not possible duethe small sample size.

TERRAlevels maybe relevant to the pathway cancers use for telomere maintendhee aei

active telomerase pathway or ALT pathway. Depending on the pathway which is active in a
particular cancelTERRAmMay act as a tumour suppressor or oncogenic stimulus respectively
(Gala and Khattar, 2021n that congxt, TERRAcan be considered as a therapeutic target and
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its levels can be modified depending on the telomerase maintenance pathway active in
carcinogenesis process. In telomerase positive cells, treatment with medications such as 5
azacytidine may increaghe accumulation GiEERRA thereby reduction in telomerase activity

and decreased proliferation of cells. The results generated by the preliminary study included in
Chapter 6 of this thesis describe the expressiarE6¥RA at 8 different chromosomestime

human endometrium, thus paves the way for future studies to test the possible fidERa&

in endometrial carcinogenesis.

Hor monal r e QurlERt€ina@E R&A i n t he endome
Il mplication for endometri al carcinoger
EC is a hoinmwmeneameponsHor mone regulation of
t herapeutic target i s important to understan
t he final results chapter in this thesis de
homone redUIERIQUERRAN eatdh generated expands oU
the effect of hor monal drive on t hecancoemar Kk
treat ment on these markers. Unopposed oestr
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Chapter 7, an epithelial monol ayer cul ture
l'imited ability to expl ®EBRRA®METEIRGU et hheo rEnCo ncael |
Collectivey howevert he data presented i n ChBpR@d 7 dc

TERRA e regul ated by ovarian hor mones. Howev
bi ol ogical repplexpero eésmeot stlaed possitd gmalt il i
cel-tucbure system in a more physiologically
of such hormone regulation in future.

Harmonisation of biobanking standards for EC research

Considering data produced in Chapter 7 of this thesis, itolva®us that harmonisation of
biosamples would be essential to ensure EC research studies produce robust translatable results.
With the advances in technologies in translational research, using human biospecimens has
become vital to discovering causatiohcancer, determining the progression of cancer and
resistance or response to treatm@iegman et al., 2006Yo benefit from the molecular and
genetic cancer research data for personalised and precision medicine, collecting, storing, and
analysing many human biospecimens is necessary. To participate in large scale studies, it is
important for biobankso store large amounts of higjuality biospecimens for example in
TCGA project. The most important aspect of biobanking is to ensure the quality of
biospecimens. For that biobanking practices have to be standardised, with sufficient quality
control andregulations in place to ensure the highest operational standards. Heterogeneity in
collection, processing and storage of biospecimens can hamper the process and results
generated from samples of questionable integrity will obviously impede development of
diagnostic and therapeutic targéidoore et al., 2009)NCI recognised nceaniformity and
inconsistent standards used in biospecimens handling to be a roadblock to cancer research
(Morente et al., 2007fVaught and Lockhart, 2012an European biobank network, BBMRI,

had been established in Europe to help build a suitable integrate infrastr€tuleset al.,

2008) and harmonisation of the biospecimen collection. When discrepancies exist between
biobanks merging data across different sites or studies, many challenges therssetves.

In the context of this background, the study presented in Chapter 7 of this thesis describes the
approach we took to harmonise biobanking of biosamples used in EC research. This required
participation of all stakeholders, including patiemstsrgeons, pathologists, researchers and
biobank staff. Involvement of patients is increasingly recognised to procure accurate and
reliable personal, past medical surgical data for resé@ichlimers et al., 2014Peveloping

patient questionnaires that are acceptable, user friendly, and clear is also essential to this
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process. Healthcare professionalsiastrumental in transferring the data from research labs
into clinical practice, they can convey the relevance of the research to patients and recruit
patients to trials. For these reasons, members of the clinical team providing EC care are well
placed toaccurately extract all relevant information regarding the investigations, surgical
findings, staging and follow up dafgahn et al., 2011XNCRI, 2012) Pathologists are key
members of the biobanking process, who are quality controllers, and they can contribute
towards robust SOPs for biospecimen collection, processing and s{hi@Bé 2012) Last

but not least, researchers and biobank personnel work in processing, storing and data
managementThey are well versed with detai$ processing samples, noting any deviations
from the standargbrotocol thus can input valuable information essential for assignment of

specimen qualityCapocasa et al., 2016)

Universal biobanking standards are not applicable to each disease or cancer type, hence should
be adapted to each cancer type of interest. The importance of cancer specific harmonisation is
highlighted by the TCGA which contains over 532 uterine cancemlsamwith RNA
sequencing, copy number alteration and mutation (&aadoth et al., 2013)The limited

clinical data accompanying these samples has affected the ability of this dataset to draw
clinically applicable conclusions. HASTEN study described in Chapter 4 of this thesis,
therefore, focusses on another fundamental, yet unmet need in EC research, to standardise EC
specific collection of biospecimens with relevant clinical data. This effagt facilitated
researchers to conduct large scale, international collaborative EC research studies leading to
improve biomarker and target treatment discoveries. After initial literature search, appraising
available evidence, four tools that can be usdglosample procurement were devised. Local,
regional and European consensus was obtained using a comprehensive consultation process
and final consensus was obtained by following a modified Delphi system, which included panel
members representing all sthkéders in EC research. The final tools are now available freely

for all EC researchers via open access publication and they include:
(1) ECPD,

(2) ECSD,

(3) ECBS and

(4) standard operating procedure for collection, processing and storage of tissigefor EC

research.
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| anticipate that harmonisation of biobanking standards is the first step towards high quality
standardised large scale global collaborative projects, which will benefit EC research and
translatability of research data into patiergmagement in the futur@lthough my study had

been published in 2017, making these tools available freely to the researchers worldwide, only
8 citations of the original paper and 12 citations of the review paper has been documented to
date. Both papers egeded the citation index of the published journals, yet, we expected the
citations to be more, reflecting the adaptation of these lsdifficulty in fully adapting the
minimal standard&e have suggested may be a reason footyssrvation of less than expected
citation numbersOur suggested minimakquiremerg may remove the possibility of using
already archived samples from biobattkat are available to researchirsheir studies. Most

larger studiescontaining big samplesizes traditionally use many biobanks with already
biobanked sampléakat arecollected over several yeaMostof these samplesould not have
beencollected according to the minimal standards described by our work. This is particularly
true when follow up data which is important for oncological outcomes are considered.
Therefore, although our work may have been appreciated and as we understand many are trying
to use them for prospective studiessearchers may not be able to fully adapt these tools for
practical reasons. Therefoiewill take a considerably longime for our tools to be adapted

and citation numbers to reflect that adaptatgopreciation by funding bodies and publishers

of this cardinal need for accurate biosample procurement taajendinically transferable

data and provision of resources will be needed to adapt our toolsFRulthhermore, mere

citation numbersire unlikely tofully exposethe issues arourglich adaptatian
Future directives

The results generated during thisOPktudentship and the studies presented in this thesis

provide several future avenues of research to improve our current understanding of EC.

Future studies examining gene expression of EC samples should consider preanalytical
variables that can produc@uwious results. The p@nalytic variables to consider should
include methods of processing, timing of processing, duration of storage of biosamples as well.
Importantly, there are some genes that are resistant to these variables while other change.
Therefore, unless strict standardised methods are implemented in sample handling, testing one
gene or a few for their change in the context of the presumed variable sample handling will not

give information relevant to all genes.
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Considering the novel data mgrated in this PhD studentship on endomehiBERCand
TERRA, much work is left to be done. Since this work has demonsti&&RA to be
expressed in the human endometrium and for them to be differentially expressed in ECs, further
research is warranted to further our understanding of thislongrmal i ng RNAOGS i n
observational study warrants further functional studiegpoee their possible functional role

in cell fate regulation and their involvement in important telomerase biology. The effect of
chemotherapeutic agents bfERCand TERRAlevels, and manipulation of theTERCand
TERRAexpression levels and assessingirtiunctional relevance on cell proliferation and
tumourigenesis in laboratory and in subsequenicjingcal animal models, may test the
hypothesis | have generated in here; fhRBRRA andhTERChave a role in endometrial
carcinogenesis. StudyingTERC and TERRA levels in relation to the new molecular
classification of EC is also important. These transcripts should be assessedangai®us
endometrial hyperplasia with atypia, since studies in cervical cancer have shown that extra
copies ohTERCwerefound in higher grade/high risk lesions developing into cervical cancer
(Jiang et al., 2010Furthermore, exploringERRAlevels in blood of EC patients may allow
examining the existence of any correlation between blood levels and tumour IEVERRA

which may facilitateesting of its diagnostic potential.

The tools generated as described in Chapter 7 to harmonise biobanking of patient derived
biosamples in EC will be used by all endometrial researchers in the future. The quality and
utility of the biosamples banked loeé and after their utility can be assessed in future studies.

Similar pathway can also be adapted for biobanking other gynaecological cancer biosamples.
Conclusion

This PhD studentshifhas demonstrated the effects of several preanalytical variables on a
selected downstream gene targets in endometrial tissue samples. In order to prevent such
undesirable effects on bsamples banked ifEC research, standardisation tools were
developed to fatitate harmonisation of biosample collection that is made freely available to
EC researchers worldwide. This is expected to improve EC research and support identification
of potential robust biomarkers. Finally, the expressioifTBRRA andhTERChad been
examined in human endometrial tissue, to determine their potential role in endometrial
carcinogenesis and potential future directions of study into these transcripts have been

identified. The work presented in this thesis therefore has contributed todettacurrent
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understanding of endometrial carcinogenesis, provided information and means to direct and

improve future EC research.
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® Ethical Approvals
LREC 09/H1005/55

NHS

National Research Ethics Service
North West 2 Research Ethics Committee - Liverpool Central
Room 181
Gateway House
Piccadilly South
Manchester
NE0 7LP

Telephone: 0161 237 2336
Facsimile: 0161 237 2383

05 October 2009

Dr Dharani K Hapangama

Clinical Senior Lecturer / Honorory Consultant in Obstetrics & Gynaecology
University of Liverpool

University Department, First Floor

Liverpool Women's Hospital,Crown St

Liverpool

L8 7SS

Dear Dr Hapangama

Study Title: The role of the identified regulators of cell fate (RCF)
and metastasis-inducing-proteins (MIP) in endometrial
stem/progenitor cells (SPC) in endometriosis

REC reference number: 09/H1005/55

Protocol number: 1.0

Thank you for your letter of 14 September 2009, responding to the Committee’s request for
further information on the above research and submitting revised documentation.

The further information was considered in correspondence by a sub-committee of the REC.
A list of the sub-committee members is attached.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the
above research on the basis described in the application form, protocol and supporting
documentation as revised, subject to the conditions specified below.

Ethicai review of research sites

The favourable opinion applies to all NHS sites taking part in the study, subject to
management permission being obtained from the NHS/HSC R&D office prior to the start of
the study (see "Conditions of the favourable opinion” below).

Conditions of the favourable opinion

The favourable opinion is subject to the following conditions being met pricr to the start of

the study.
Management permission or approval must be obtained from each host organisation prior to
art of t i ncern

For NHS research sites only, management permission for research (‘R&D approval”) should
be obtained from the relevant care organisation(s) in accordance with NHS research

This Research Ethics Committee is an advisory comnuttee to Nocth West Strategic Fealth Agtherity

The National Research Eihics Service (NRES) represents the NRES Directorate vative
rhe National Patient Safety Agency and Resoarch Ethics Committees in England
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governance arrangements. Guidance on applying for NHS permission for research is
available in the Integrated Research Application System or at http://www rdforum.nhs, uk.
Where the only involvermnent of the NHS organisation is as a Participant ldentification
Centre, managemen! permission for research is not required but the R&D office should be
notified of the study. Guidance should be sought from the R&D cffice where necessary.

Sponsors are not required to notify the Committee of approvals from host organisations.

It is the responsibility of the sponsor to ensure that all the conditions are complied
with before the start of the study or its initiation at a particular site {(as applicable).

Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document e v 1, e ) X Version fﬁéi‘a | ;
Covering Letter

REC application S 22 |
Protocol 1.0 102 July 2009

1L

F\re_stigator cv

GP/Consultant Information Sheets
Letter from Sponsor 02 July 2009
‘Referees or other scientific critique report S
Participant Information Sheet
Participant Consent Form
poster healthy + baby

Faster endometriosis
Response to Request for Further Information

09 September 2009
09 September 2009

[

14 September 2009

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees (July 2001) and complies fully with the Standard Operating
Procedures for Research Ethics Committees in the UK.

After ethical review

Now that you have completed the application process please visit the National Research
Ethics Service website > After Review

You are invited to give your view of the service that you have received from the National
Research Ethics Service and the application procedure. If you wish to make your views
known please use the feedback form available on the website.

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

Notifying substantial amendments
Adding new sites and investigators
Progress and safety reports
MNotifying the end of the study

LI I

The NRES website also provides guidance on these topics, which is updated in the light of

239



changes in reporting requirements or procedures. .

We would also like to inform you that we consult regularly with stakeholders to improve our
service. If you would like to join our Reference Group please email
referen rou nres.n nhs uk.

| 09/H1005/55 Please quote this number on all correspondence |

Yours sincerely

e

Profesg6r Sobhan Vinjamuri
Chair

Email: carol.ebenezer@northwest.nhs.uk

Enclosures: List of names and professions of members who were present al the
meeting and those who submitted written comments

“After ethical review — guidance for researchers”

Copy to: Mrs Gillian Vermon
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11/H1005/4

Liverpool Women's

MNHS Foundation Trust
Crown Street
Liverpoot
e L8 755
14" April 2011
Tel: 0151 708 9988
wowew lwhonhs.uk
Dr Dharani Hapangama NG,
Clinical Senior Lecturer / Honorary Consultant in O&G S (’)
Liverpool Women's Hospital ™ pomsnrssons

University Department, First Floor
Crown Streel
Liverpool L8 755

Direct diai: 0151 702 4346
Email: Gillian.vernon@lwh.nhs.uk
Dear Dharani

1D: LWHO877 — Study of the Role of Metastasis Inducing Proteins and cell fate
regulators in the pathogenesis of Endometrial Cancer

Following submission of project documents, associated paperwork and approvals to the
Trust's R&D Department, | am pleased to inform you that your research project has been
approved by the R&D Director. This approval relates to the documentation listed below:

- Ethics approval letter [11/H1005/4] dated 11™ April 2011
- Protocol [version 1.0] 9™ December 2010

The research is registered on the Trust's R&D database under the reference LWHO877,
which 1 would be grateful if you could quote in all future correspondence regarding the
project.

The Sponsor(s) of this research project under the Research Governance Framework for
Health and Social Care (RGF) are the Trust and the University of Liverpool.

Having gained approval to conduct this research under the auspices of Liverpool Women's
NHS Foundation Trust, you will be expected to comply with the principles and guidelines set
out in ICH Good Clinical Practice and the Department of Health RGF. Please refer to your
delegated duties outlined overleaf.

| would like to take this opportunity to wish you the best of luck with this research and to
request a copy of the final report and any subsequent publications.

Yours sincerely

/M/@v"w-\

Gillian Vernon
Research & Development Manager

Liverpool Women'’s €
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CREC 10/H0308/75

INHS

National Research Ethics Service

Cambridgeshire 2 Research Ethics Committee
Vicionas House

Captal Park

Fuboun

Camerdge
€821 X8

Telephone: 01223 597685
Facsimie: 01223 507845

18 October 2010

Dr Helen Stringfellow

Lancashire Teaching Hospitals NHS Trust

Pathology, Royal Preston Hospial

Sharce Green Lane

PR2 9HT

Dear Or Stringfellow

Title of the Research Tissue Bank:  Archival genito-urinary tissue, blood, urine and
saliva collection

REC reference: 10/HO308/78

Designated Individual: Dr Timothy P Dawson

Thank you for your letter of 30 September 2010, responding to the Committee's request for
further information on the above research tissue bank and submitting revised
documentation.

The further information was considered at the meeting of the Sub-Committee of the REC
held on 15 October 2010, A list of the members who were presant at the meeting is
attached,

Confirmation of ethical opinion

On behal of the Committee, | am pleased to corfirm a favourable ethical opinion of the
above research tissue bank on the basis described in the application form and supporting
documentation as revised.

Duration of ethical opinion

The favourable cpinion is given for a pariod of five yaars from the date of this letter and
provided that you comply with the conditions sot out in the attached document. You are
8dvised to study the conditons carefully. The opinicn may be renewed for a further period
of up to five years on receipt of a fresh application. It is suggested that the fresh application
is made 3-8 months before the 5 years expires, 1o ensure contnuous approval for the

research tssue bank
Approved documents
The documents reviewed and approved at the meeting were:
Version |Date
REC appiication 58126/130485 3344 130 Juty 2010
Coverng Letter Dr Helen Svingfelow 130 July 2010

This B st Bvbgy £ It an wh Mens bn Base ol Conlond Cnvatanie b dub &. b
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|Participant information Sheet 2 30 September 2010

Response 10 Request for Further information Dr Helen Siingfelow 30 September 2010
Participant Consent Form 2 30 September 2010
Human Tissue Authority Licance 14 February 2008
Protocol for Managament of the Tisswe Bank 1 30 Juy 2010
Licence from the Human Tissue Authority

Thank you for providing a copy of the abave licence.
Research governance

A copy of this letter is being sent to the R&D office responsible for Royal Preston Hospital.
You are advisad to check their requirements for approval of the research tissue bank.

Under the Research Governance Framework (RGF), there is no requirement for NHS
research permission for the estabishment of research tissue banks in the NHS.
Applications 1o NHS R&D offices through IRAS are not required as all NHS organisations
are expected to have included management review in the process of establishing the
research tssue bank.

Research permission is also not required by collaborators at tissue collection centres
(TCCs) who provide tissue or data under the terms of a supply agreement between the
ug;:ﬁmwwmmm TCCs are not research stes for the purposes of
the RGF.

Research tissue bank managers are advised to provide R&D officas at all TCCs with a copy
of tha REC appication for information, together with a copy of the favourable opinion letter
when available. All TCCs should be isted in Part C of the REC appiication.

NHS researchers undertaking specfic research projects using tissue or data supplied by a
research tssue bank must apply for permission 10 R3D offices at all organisations where
the research is conducted, whether or not the research tissue bank has ethical approval

Sto-specific assessment (SSA) is not & requirement for ethical review of research tissue
banks. There is no need to inform Local Research Ethics Committees.

Statement of compliance

The Committee is constituted In accordance with the Govemance Arrangements for
Research Ethics Committees (July 2001) and complies fully with the Standard Operating
Procadures for Research Ethics Committees in the UK.

After ethical review

Now that you have completed the application process please visit the National Research
Ethics Service website > After Review

Here you wil find inks 10 the following:

a) Providing feedback. You are invited 10 give your view of the sanvice that you have
received from the Natonal Research Ethics Service and the application procedure.
nwwmmmmmmummmMm
the

b) Annual Reports. Please refer to the attached conditions of approval.

¢) Amendments. Please refer 1o the attached conditions of approval.

This Research Ethics Commattae & an advisory commttee 10 East of England Strategic Health Authority
The Nationa! Research £thics Service (NRES) represents the NRES Directorate mithin
the Nationa' Patient Safety ard Reswarch fthies € n
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We would aleo like to inform you that we consult regularty with stakehoiders to improve our
service. If you would like to join our Reference Group please email
teferancegroup@nres npsa nhe uk

| 100308778 Please quote this number on all correspondence
Yours sincerely
pe Netory
Dr Rowan Burnstein
Chair
E-mail: Nicky. Storey@ece nhs.uk
Enclosures: List of nemes and profassions of members who weve present &t
the moeting and those who submitted written comments
Standard approval condiions
Copy tor Dr Timothy Dawson
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(i) Patient information leaflet

v Liverpool Women's NHS

n’; IILIVERI:;OIOIL NHS Foundation Trust

FEthics Submission No:

PATIENT INFORMATION SHEET

“MIPs in Endometrial Cancer Study”

Role of metastasis-inducing-proteins in endometrial cancer

Version 1: For patients undergoing hysterectomy.
Fou are being invited fo take part in a research study. Before you decide if is important for you o
undersiand why the research is being dore and what it will invalve. Please take time to read the following
information carefully and discuss it with others ifyou wish, Ask us ifthere is anyihing thai is not clear or if
you would like more information. Take me to decide whether or not you wish io ials part.

Thank you for reading this

Why are we doing the study?
Each year in the UK about 4500 women, commonly in their 50z and 60z, develop cancer

of the lining of the womb (endometrium). The ‘endometrium’ builds up and is then shed
each month as a 'period’ before menopause. In women who unfortunately develop cancer,
the cells in the endometrium multiply and behave abnormally. The survival rate of early
stage endometrial cancer is good, however in exireme cases cancer cells can spread
beyond the womb affecting the overall outcome of the dizease. We are doing this study to
better understand the changes that happen in endometrial cells. This will help us discover
new targets to diagnose and degign new treatment for endometrial cancer.

What is m etastasis?

The spread of cancer cells beyond their origin, the womb, is called ‘metastases’. This
metastatic process is closely linked with the outcome of the disease, but iz not fully
understood. It is possible that there are special proteins that can encourage cancer cells to
spread. These specific proteins are called “metastasis-inducing-proteing’ (MIPs), which
we believe can cause cancer cells to invade healthy tissue. We would like to investigate
the presence of these proteins in endometrial cancer cells and the role they play.

Why have I been chosen?
We are looking for a total of 160 women who are undergoing hysterectomy. We are

specifically looking for 80 women who have endometrial cancer and another 80 healthy
women undergoing surgery. If you belong to any of these groups we will ask you if you
would want to take part in the study.

Hapangama / Endo Version 1.1 Date: 6™ April 2011
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Do I have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will
be given this information sheet to keep and be asked to sign a consent form. You are free
to withdraw at any time and without giving a reason. The decision to not take part or
withdraw at any time, will NOT affect the standard of care you receive.

What will happen to me if I take part?

Your operation will continue exactly as planned. However, once the operation is over, a
small sample of the womb that has already been removed from you will be taken for the
research.

Therefore, NO extra surgery or procedures will be performed for the study. A blood
sample will also be taken from your veins.

What are the possible benefits of taking part?
We do not expect you to have any extra benefits by taking part in this study. However,
you will be helping us to improve our knowledge about endometrial cancer.

What if something goes wrong?
We do not anticipate any harm to arise while taking part in this study, as we are not

carrying out any additional procedures. However, if you are harmed due to someone’s
negligence, then you may have grounds for a legal action. There are no special
compensation arrangements in place to compensate you in case if taking part in this
research project harms you. Regardless of this, if you wish to complain, or have any
concerns about any aspect of the way you have been approached or treated during the
course of this study, the normal National Health Service complaints mechanisms should
be available to you.

Data management
The information gathered from this study will be entered into a computer database and

will be analyzed in a strictly confidential manner, in compliance with the Data Protection
Act. Regulatory authorities for approving medicines and the University of Liverpool may
wish to look at medical records to check that the study has been performed correctly. All
information, which is collected about you during the course of the research, will be kept
strictly confidential. Any information about you, which leaves the hospital, will have
your name and address removed so that you cannot be recognized from it.

Surplus tissue
You can chose to give consent for any remaining tissue, after being used for this study, to

be anonymised and stored in the Liverpool Women’s Hospital which can be used for
future ethically approved research.
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If you are interested in taking part, please contact Dr. Dharani
Hapangama (0151- 702 4114 or 0151 706 9988, bleep 141) in the
Liverpool Women’s Hospital, Crown Street, Liverpool.

If you want to find out more about the study from someone who is not directly involved
in it and can give you unbiased advice, please contact Mr Jonathan Herod, Consultant
Gynaecology Oncologist, in Gynaecology Out Patient Clinic, telephone no. 0151 708
9988.
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(iii)

Consent

Liverpool Women's E‘IIB

NHS Foundation Trust

Study Number:
Patient Identification Number for this trial:

CONSENT FORM

Title of Project: The role of metastasis-inducing-proteins (MIP) in endometrial cancer

Name of Researcher:  Dr Dharani Hapangama, Senior Lecturer
University of Liverpool / Liverpool Women’s Hospital

Please initial box

1. | confirm that | have read and understand the information sheetdated .........................
(version ... ) for the above study and have had the opportunity to ask questions.
2. | understand that my participation is voluntary and that | am free to withdraw at any time,

without giving any reason, without my medical care or legal rights being affected.

3. | understand that sections of any of my medical notes may be looked at by responsible
individuals from [University of Liverpool & Liverpool Women's Hospital] or from regulatory
authorities where it is relevant to my taking part in research. | give permission for these
individuals to have access to my records.

4. | agree for surplus tissue to be stored in the department of obstetrics & Gynaecology
and to be used in other ethically approved studies.

Name of Patient Date Signature

Name of Person taking consent Date Signature
(if different from researcher)

Researcher Date Signature

1 for patient; 1 for researcher; 1 to be kept with hospital notes
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(iv)  Presentation and abstracts
Orali International

OTERRA expression in human endometrium and i
presented in ENITEC meeting , Liverpool 14 th June 2019.

dHuman endometrium demonstrates a dynamic TERRA expression and hormone regulation:
implications in endometrialrpo | i f er at | BESEIREC2018 AnnudaliMeeatirsy dn,
Barcelona, 44 July 2018.

O0Har moni sation of bio banking standards in E
Germany, Jun 2016

Orali Regional

(Effect of pre analytical variables on gegression in endometrial samples for endometrial

cancer researcho, Live poster presentation B
OTERRAS: I n health and in disease, the human
2018.
06Devel oping Tools and St ataadndBiagbankig&amalé i ng Pr o
Coll ection in Endometri al Cancer Research©o,
Posters

Posterd International / National

Effect of preanalytical variables on endometrial gene expredsierposter presentation,
BGCS 2021 annual scientificeating, May 1314, 2021

Long norrcoding RNA, TERRA is downregulated in endometrial cancer, Annual academic
meeting, RCOG, Feb 2018.

Long norcoding RNA, telomeric repeat containing RNAs are downregulated in endometrial
cancer, ESGO, Vienna, Nov 2017.

Harmonisation of biobAnking STandards in Endometrial caNcer research (HASTEN),
ESGO, Vienna, Nov 2017.

Harmonisation of biobAnking Shalards in Endometrial caNcer research (HASTEN),
Annual academic meeting, RCOG, Mar 2017.
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Harmonisation of biobAnking STandards in Endometrial caNcer research (HASNEN),
of England meeting, Nov 2016.
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Book Chapters

Kamal A, Tempest N, Maclean Adishesh M, Bhullar J, Makrydim& and Dharani K.
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R. Management of Endometrial Cancé©-100 by Springer doit0.1007/9783-319645131

Under review

Kamal A, Tempest Nylakrydima SAdishesh M, Bhullar IMcLean A,Hapangama DK.
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ECPD

ECSD Minimal
ECSD Standard
ECBS
SORECBS
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