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Abstract

Alterations of Endometrial Bament Membrane Integrity and SterfProgenitor
Cell Markersin Endometriosis

Palial, K; Drury, J Heathcote, L, Valentijin, A.Jpazvani, RRudland, P.S. andapangama,
D.K.

'Department of Women's and Children's Health, University of Liverpool, Liverpool, United
Kingdom, L8 7SS?School of Biological Sciences, University of Liverpool, Liverpool,
United Kingdom, L69 7ZB

Degradation of basment membrane (BMs reported to be involved in the metastatic process

of cancers, and has been shown to be aberrantly expressed in the benign metastatic disease of
endometriosisEmerging evidence show endometr&é&m/progenitor cells are involved in
endometrial physiology and in certain endometrial pathological conditions, however markers
for these cells are lacking. We tested a panel of stem cell markers inclytiokgratin 5/6

(CK5/6) and podocalyxHtike protein (PODXL) and stage specific embryonic antigen 1
(SSEA1) in endometrial tissue. Using immunohistochemistry, we aim to investigate if an
alteration of BV integrity is associated with differential expression of these stem cell markers

in eutopic endometnim collected from fertile controls, pestenopausal (PM) women and
patients with endometriosis and endometrial cancer.

1. In the fertile control group,xression oBM components, Collagen IV and laminin,
changed across the menstrual cycle smhe ofthese changes agree with previously
reported findings. Kpression of stem cell markers SSEA1 and PODXL also showed
similar changes across the menstrual cycle with both having maximal expression
during the ProlPExpression of BMcomponents appeared to be ctated with stem
cell markers. No cyclical changes in CK5/6 were reported in fertile controls.

2. In the PMgroup a few differences were seen BM integrity compared with the
fertile control groupespecially in BMsupporting endometrial vesseNonetheless,
PODXL and SSEA1 expression was similar to the fertile control group.

3. Complee disruption of BMin the endometrial cancer group praed confirmatory
results that BMs disruption in this invasive metastatic disease.

4. In the endometriosis groupijfigrences were seen in the expression of key BM
components in eutopic endometrium sampled from women with endometriosis when
compared with fertile controls, and this was similar to previous reported findings.
Whereas SSEA1 showed a phase dependent expresstba fertile control group,
this was lost in the endometriosis group.
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Chapter One
INTRODUCTION

The endometrium is a highly dymec tissue lining the uterine cavity. Under the influence of
ovarian hormones, significamhorphological changes occur in the endometrial epithelium
and in the underlying stroma and vasculature. These structural changes are precisely timed in
the menstruakycle in order to prepare the uterus for implantatiGorrelated with these
events, an array of biochemiaziangesccurs in the organisatiasf the extracellular matrix

(ECM) of this specialised tissueBasementmembrane (BM)is an important part of th

matrix that underlies all epithelial sheets, and separates them from the surrounding
connective tissue. Degradation BM has been reported to be involved in the metastatic
process of endometrial cancer and has been proposed to play a part in thenzsilsogf

endometriosid, 2).

The endometrium is a site of repetitive physiological injury and repair. For this reason it has
also been hypothesised that the endometrium contains stem cells that may accagnt for i
distinct ability to regenerate. Alongside with the disruptionBiW reported in the disease
process of endometriosis and endometrial cancer, these stem cells are thought to be involved
in the pathogenesis of both dised8es4) Additionally, there is some evidencthat
disruption ofBM may cause activation of stem c@lis Thereforewe explored the integrity

of BM and associated expression of stem cell markers in the endomeaiumpied from

normal fertile controls, and from patients with endometriosis and endometrial cancer. In order
to make accurate comparisons across these diffengbject groups, a thorough literature
review on thestructure and function of the endometriuendometrialBM and stem cell

activity will be discussed.



1.17 Structure & Function of the Endometrium

The uterus is a pear shaped organsisting of a fadus superiorly, body, isthmus and the
inferior cervix. It comprise®f an outerserosal lininga thick fioromuscular wall known as

the myometrium anda modified mucosal liningknown as the endometrif6). Human
endometrium is structurally and functionally divided into two major regions: the functionalis
and the basalis regionsee figure 1. The functionalis, comprising thepper two thirds of

the endometrium, contairss superficidlayer with a few glands and abundant stroma and a
deeper layer with manglandsand lessstromd7). Epithelial cells constitutéhe luminaland
glandularepithelium.The lower basalis layer containitige basal region of thgdands, dense
stroma and large vssls is thought to serve as the germinal compartment for generating the
new functionalis each mor@). The endometriumresponds to ovarian hormones and
undergoes a remarkabseries and variety of morphological changes during the reproductive
years and after menopause. The ovarianuedne cycle will be discussed in detailtlining

these changes. . o
Luminal epithelium

~

Blood

Functionalis Layer
— vessel y

Glandular o’
Epithelium

— Stroma

Basalis Layer

L
Figure 1.1: Micrograph illustratinghe structure of the endometrium.
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1.1.1The Ovarian Cycle

A normal menstrual cycle is mostly a reflection of the ovacggale. At birth the human

ovaries contain approximately 1,000,000 primordial follicles arrested at prophase of the first
meiotic division. Over time, the follicle pool continually depletes, with regular escape of
follicles fr onmednteien gl rmeitd nigs .st@ft ebthese Obéesca

wi | | sequentially mature and ovul at@). during

Initiation of follicular recruitment and maturation from the primorgabl is a process that
continuously occurs over several months and is independent of gonadotrophin(t0ptrol
Subsequentlythe gonadotrophins follicular stimulating tormone (FSH) and luteinising

hormone (LH) play distinct roles in follicle maturatian a cylical mannerBoth are released

by the anterior pituitary in response to pulsatile stimulation of hypothalamic gonadotropin
releasing hormone (GnRH)1). During the Iluteafollicular transition, FSH serum
concentrations rises as oestrogen dee®adse to the demise of the corpus luté@). This

intercycle rise in FSH, recruits a cohort of mature FSH responsivanpral follicles which
synchronously develomio large antral prevulatory follicleg10). From the mid to late

follicular stages, a critical concentrationf FSH opens t dlevingdatBahte wi nd o
ofthe mos sensitive antral follicle. This 61 ead
enzyme activity within its granulosa cells, leading to increased synthesis and secretion of
oestradiol from andr-ogleln,i ct wo eg am asspdacifies hien @i t
the need for both LH, to stimulate production of precursor androgens by theca cells, which

are then transferred into granulosa cells to be aromatised into oestrogens under the influence

of FSH11, 12) Such actions of both FSH and LH are influenced by paracrine and autocrine
actions of substances produced locally in the ovdrsRaised serum oestradiol ensures

rapid suppression of FSH production, via a negative feedback gi&emhe mid follicular

fall of FSH causes atresia of the less mature follicles that are unable to grow without adequate

FSH concentrigons, ensuring monrovulation(10).
3



A rapid rise in oestradiol, during the latter days of the follicular phase, promotes
hypothalamic GnRH pulses to increase in both mtage and frequency, via positive
feedback syste(fil). This producesthe socalle 6 L H s ur g ecycle, dvithrairapig mi d
outpouring of LH and to a lesser extent K$H. The LH surge initiates a gene cascade in
granulosa cé$ that signal the cell to commence meiotic maturati®). Furthermore, it
induces an inflammatory typesaction at the apex of the Graafian follicle adjacent to the
outer surface of the ovarian cortex. Angiogenesis associated with a release of prostaglandins
(PG) and cytokines leads to rupture of the follicular wall and ovulation approximately 36
hours afteiinitiation of the LH surge. The empty follicle fills with blopgroducing acorpus
haemorrhagicunand the theca and granulosa cell layers of the follicle walinist forming

the corpus luteum. In response to LH and human chorionic gonadotrophin, tn€@prpus

luteum produces and secretes progesterogstrogerand inhibin If conception follows, the
placenta will subsequently be the main sourcepadgesterone production once it has
developed sufficientiia4). Otherwise, progesterone and inhibin levels will fall with

regression of the corpus luteum and FSH levels will rise again.

1.1.2The Uterine Cycle

The endometriums a dynamic remodelling tissue with the main functioih embrye
implantation.In order to prepare for implantatiptheupper functionalis layer undergoesll

defined cycles of proliferation, differentiation and sheddingresponse to a prevailing

steroid hormonal environment of sequential ovagtanoidexposurglb).

Oestrogens, progesterones and androgénsay vital, but as yet not fully defined roles in

the complex mechanisms underlying endometrial development necessary for successful
embryo implantatiof16). The expression of steroid receptors varies temjyoaald spatially

across the menstrual cycleontributing to the changes in the impact of steroid hormones on

target cell§l7). Oe st r ogen receptors (ER) exi st i n two

both found in glandular and stromal compartments. Like oestrogen, two isoforms of
4



progesteroa receptors (PR) also exist, PRand PRB. It is of upmost importance to idefy

the mechanisms regulating endometrial events involved in the normal endometrial fanction
of implantation and menstruation if we are to elucidateabnormal endometrial pathologies

such as endometriosis or endometcahcer.

Three distinct phases are described during the uterine cycle: the menstrual phase; the
proliferative phasgProlP), corresponding to the follicular phase of thergvand the

secretory phaseorresponding to the luteal phase of the ovary.

1.1.21 Menstruation Phase

In the absence of pregnancy, the demise of the corpus luteum causes progesterone and
oestrogen levels to fall towards the end of the secretory phase in the menstrual cycle.
Withdrawal of progesterone results in shedding of the upwpethirds of the functional layer

of the endometrium exposing open blood vessels and glands. This rapid but incomplete
degeneration of the functional layer is called menstruation and the first day of menstrual
bleed is considered as day 1. During thisquethe endometrium quickly starts to regenerate

with epithelium regrowing most likely at the stumps of the glands. Thereafter two thirds of

the luminal surface is covered by epithelium as it grows out of the edges of the cone shaped
glands, and epitheliagrowth is complete within 48 h after shedd({d®). The molecular
mechanism by which sex steroids induces these events involves complex interactions

between the endocrine and immune system.

1.1.2.2Proliferative phase(ProlP):

The average duration afcycle is 28 days, with alterations in the length of cycle mainly due
to the duration of the proliferation phase (varying fror@18daysj7). The RolP coincides
with the follicular phase of the ovarian cy@edtakes placéetween the menstrual phase
and ovuation, day 414. Increasing circulating oestrogen levels inducesnarkable

endometrial regenerationwith endometrial proliferation and vascularisation. As a



consequence the endometrium regenerates frormigal 0.51mm thick post menstruated
endometim to 57mm(18). Increasing circulating levels of oestrogen increases the
expression of endometridd R Uwhich is essential for the upregulation BR, therefore
endometrium to respond to progesterone during the secretory(p&pseherefore, pe-

ovulatory endmetrium containsproliferating cellsin glands, strma and endothelium,

leading to relative hypertrophy of the uterine mucd&arrow straight glands, a thin surface
epithelium and compact stroma deatures of the #IP. Stromal cells are often elongated

and spindle shapét®). Mu |l t i pl e mit oses are present i n th
As growth of the glandsand stroma continugsangiogenesisalso occurs as ovulation
approachgdb). Spiral artery elongation is an important part nflemetrial angiogenesend

is crucial for endometrial rgrowth(15). Unlike other ovarian hormone receptoESRb i s
found in endometrial endothelial cell§herefore it is reasonable to deduce that any direct
effectsofoest r ogen on angi ogenesi($6) Oestrofjenaghlso t o b
influence endometrial angiogenesis indirectly via actions tlogir mediators such as

angiopoietin 1 and vascular endothelial grovettor.

1.1.2.3.Secretory Fhase:

Following ovulation, progesteronelominates the rest of the menstrual cycle as it controls
cellular differentiatio20). Differentiation is defined as a gene controlled change in cellular
phenotype and functig@l). Cellular dfferentiation transforms the oestrogen primed
endomérium into secretory tissud hese morphological changealsoreflect the pattern of

sex steroid receptor expression acrosstuoeetory phase

This phase of the menstrual cycle is constituted by dy, eaid and late secretory phase.



Early secretory phase (ESP)

ESP day 1518, is regulated by @th oestrogen and progesterp@s shown by microarray
studies Subnuclear vacuolation of the glandular epitheliummsximal during theESP.
Eventually vauoles enlargand pusheshe nuclei into an orderly rawBy the end of the

ESP, glands are tortuous and stromal vascularity peaks making the endometrium both

morphologically and functionally well prepared for implantation during the (1&p

Mid secretory phase (MSP)

MSP, day 1923, is a short period of uterine receptivity towards embryonic implantation,
designated as the Awindow of i mplimaphbtaidni on o
is between 6 and 10 days after the LH surge and ovu{@dpnrhis period coincides with

peak circulating progesterone levels and is regulated by progesterone &lmneey
endometrial events associated with M8Rlude \acuolesmoving into a suprauclear
position andempty their contents into the lumen via exocytosiaclei then approach the

base of the cellDuring the MSP there isicreased expression of chemués and cytokines,

the presence of increased numbers of leukocytes imguderine natural killecells, and the

onset of predecidualisatio(i5).

Unlike oestrogen, progesterone dewre g u | at e sPR o & i d (iEH#RIfy further

action of oestrogenin the glandular and luminal epitheliuand in stromal cells around
vesselsthus cellulamitoses are completely blocked and cells commence diftetior(16).

It is notable that PR persists in the stroma in the functionalis and is highly expressed by
stromal cells in close proximity to the uterine vasculg6g Thus, the role of progesterone

on vascular function is thought to be mediated by thgB8ttive stromal cells around blood

vessel§l6). Stromal proliferationreducedo some extersand commencegre-decidualisatio

(



during the midate secretory phasePredecidualisation is an event where stromal cells
differentiate beneath the surface epithelium and around blood vesselsquirement for
implantation. In particular, enlargement of nuclei and increase in cytopharm perr
arteriolar stromal cells constitutes as the earliest visibledpcedual chand@0). Other
histological features of the MSP include maximglandular secretions and stromal

oedem#&20).

Late secretory phse (LSP)- Decidualisation

Whilst progesteronés the dominant hormone in treecretory phaseluring the LSPE R b
expressioris maintained in the stromanirroring the decline in endeetrial E R (PR and
androgen receptoSi nce t he funct i on sof poofesteEoRebounteraad t h e
most of the classical E Rthe emdomnetdmt, e ¢ haec trii csri 1 go
may potentiate progesterone action in the endometrium despite the decline in PR expression.
Pre-decidualisationcontinues into the LSHirespective of whether or not a blastocyst is
presentThe stromal compartment shows the most profocimanges with the cells becoming
plumper, developing a myofibroblake phenotype and increasing production of proteins

such as prolactin, insuklike growth factor binding proteth and tissue factoAdditionally,
polymorphoniclear leukocyte invasionbecomes characteristic in the LSRJpon
implantation, endometrial stromal cells complete decidualisation and terminally differentiate.

An impairment of receptivity is often seen in women with endometriosis.

In the absence of pregnancy, a drop in botlgpsterone and oestrogen levels terminates the
secretory phasand the endometrium undergoes dynamic remodelling, resulting in menses

and the beginning of the next menstrual cycle.



1.1.2.4 Basalis layer of the endometrium

The lower basalis layer containdense stroma, glands atatge thick walled arteries and
serves as a germinal compartment for generating the new functionalis layer eac(8nonth
The stroma is more celluldhanin the functionalis layer witta higher nucleacytoplasmic
ratio(7). Hormonal regulation is different in the béiseand the glands express RRRd ER
throughout the menstrual cyglaunlike the functionalid6). This reflects the diverse

morphological eventhatoccur in the functionalign comparison with the basalis layer

1.1.3Post menopausa{PM) endometrium

The depletion otheoogonial stem cell population before birth establishes a limited supply of
primordial follicles in the ovar{22). With the loss of a cohort of folliclesach month during
reproductive years, the total number of primordial follicles decreases with increasing age. In

the last 12 years or so of reproductive life, there is a much steeper decline in the remaining
number of follicles and anovulatory cycles inmsengly occuf23). Eventually, only a few

follicles remain in the involuting ovaries, causing a permanent cessation of menstruation and
this defines the transition into menopause. The lossesfrogen and progesterone supply
causes many physiological effects on a woman
loss subsequently ends the dgal cellular proliferation,differentiation and endometrial

shedding The lack of hormonal stimuianh causeshe endometrial epithelium to flattethe

necks of tubular glands to close, and the straisa changes ancesembés thebasalis

stromaof cycling womei(20). Additionally, proteinaceous material accumulates in the glands
producing aclassichi st ol ogi ¢ pi ctur e (R4 dventuallyg,shesdicy st i
changes contribute to endometrial atrophy aodnsequently the postmenopausal
endometriumis very thin20). As a consequence, the functionalis layer is very difficult to

separate from the basalis



1.27 Basement Membrane

BM are specialised sheet like structures which separate cell monolayers (epithelium and
endothelium) and comats them to the interstitial matrix, together creating the EXSM

They possesbinding sites for cell adhesion molecules that frequently serve as ligands for
cell surface receptof@5). Binding of these receptors 8M proteins initiates intracellular
signalling pathways influencing cellulaactivitieq25). Therefore, a well as providing
structural support they also mediate many essential functions suadtievedopment,
proliferation, differentiationand cellulargrowth(5). They also egulate cell polarity, cell

adhesion, spreading and migration via their effects on the cytoské&ef#)

1.2.1 BM Composition

As seen under the electron microscope after conventional fixation and stainingBkhost
consistof three layer@7). The innermost layer lying adjacent to the basal plasma membrane
of the resting cells, is the lamina lucidéhe lamina densa is the mitdlayer and is electron
dense.The outermost third layeithe lamina reticularis, connects the basal lamina to the

underlying connective tiss(&7).

Depending on the tissue in which they are localisedM have heterogeneous molecular
compositions and biochemical complexity, which is neaak diverse as their unique
biological functiong25). Their heterogeneity ressltfrom variation in the amounts &M
components and the kinds of subtypes (8d The four major proteins thahake up the
BM includetype four collagen (COLIV), laminin, nidogen/entactin and perledaaminin
and COLIV self assemble into suprastructures, and both networks are cruéi &iability
and assemblyNidogen/entactinand perlecan bridge the laminin and COLIV networks,
increase their stability and influence the structural integritdf(25). Since COLIV and
laminin are the two main proteins needed BM structure they will both be evaluated in

endometrial tissue ithis study.
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1.2.1.1.Collagen Type IV

Collagens are the major structural component ofE6#, but are also important for tissue
architecture organisation and cellular proceg@®sCOLIV is one of 28 different types of
collagen and is th@rincipd component by weight iBBM(28). Even though COLIV is a
major component oBM, it is not requird for BM synthesisand is ather needed foBM
maintenano@8). In additional COLIV mediates c¢ladhesion toBM through binding with

integrin and noxintegrin receptors (refer to section 1.2l@tegring.

The basic monomers found in COLIV protein &kehainof which there are six type®J(1 t o
U6 chBa okhaib)is 400nm long and is composed of three domains: an amino
terminal 7S domain (26 kDa), a middle triple helical collagenous domain (120 kDa) and a

non-collagenous (NC1jerminal domaif28), see figure 1.2.

NC1 domain Collagenous domain 75

Figure 1.2 U-chain monomer of COLIV

COLIV is a type of norfibrillar collagendue to the presence afNC1 terminal domairand
its compositi on rmchdine sniqueEhe tollagehoust dbneain soinsists of
repetitive GlyX-Y amino acid sequence in whicX and Y are often proline and
hydroxyproline, or lysine and hydroxylysine, providing structural integrity. Numerous short
interruptions ensure godtkxibility which is characteristic of collagg@®). The 7Sdomain

also consists dhterrupted GlyX-Y repeats

A protomer is a single unit of CcCchdinswhishupr ast
are linkedin their NC1domains, to create a heterotrimer h@iX). Protomers argynthesised

in the golgi apparatusnd assemblén the endoplasmic reticulunOnly three different
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protomers U1 U21 U3 U4alrbd U 5elist éspite the 56 possible combinat{Bhs
Following bonding in the NC1 domainhé three U-chainsthen fully bindin a zipper like
fashion and protomer secretion occlese figure 1.@28).Dur i ng devel opment,
most widely expressed protomer and is distributed throughouBtheDuring maturation
this network gets partially replaced by other protomers that defime€8M particular

function(5).

\4

Figure 1.3: NC1 interactions to initiat€ OLIV protomer formation.

Once secretedheé NC1 and 7S domainsf protomers play aritical role for producing the
lattice network of collagewhich forms the nucleus for a COLIV scaffold to ensure stability.
The scaffold evolves into a COLIV suprastructure, with the helpndfte end associatis

and also lateral associations between COLIV protof8@js
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1.2.1.2.Laminin

Laminin is needed for initiaBM formation and early developmeand is the most abundant
noncollagenous component iBM(28). It links the BM to the cell surface through
interactions with cell surface receptors modulating cell behaviour and also provides a

structural role.

Laminins are hetertrimeric glycoproteingonsisting of aiJ , bo clzimgb). When these

chains assemble together they form a cruciform shape with one long and two or three short
ams(figure14).Fi ve U, feceuro bc haandh st exi st whi ch <can
isoforms of &minin. These isoforms are namiedthe new nomenclature according to their
composition, such thatlath1 1 consi st s ahding3)1 Thesb ofoans dre 2 1
differentially distributed during development and in adult tissues, fulfilling speftifictions

as key regulators ofissue structure and cell behaviolraminin 1 is the first laminin
expressed during the developmt at embryonic stage day 4.5 in mice and is the most

abundant type of laminin found BM(25).

o

.\ Rod like spacers
¢/
®,®
o 1e
[
/
j;/ :)

LG domain

Figure 1.4: Structure ofaminin unit
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Each chain comiins a laminin NTerminal (LN) domainon theshort arm emerging from the
long armwhich makes each chain unique h e-chdih contains the L4a and L4b globular
domai ns, a n chains boatainbLF and 84 gobular domain respectively. Rod like
spacers formed bjaminin epidermagrowth-factorrepeatsseparatehe globular domains.
Laminin initially self assembles by namvalent bonding between LN domairend is
required for calciundependent interaction between the three clfdi)sThe long arm is
formed by parts of all three chains, forming the alpha helical coiledl08iC) domair§32).

The LCC is subsequently flanked byGterminal containing five homologousglobular
motifs collectively known as the LG domé2b). LG domainsmediate cell adhesion through

binding receptors including integrins, dystroglycan, syndecahheparan.
1.2.2. Integrins

Many components of the ECbtosstalkwith cellsthrough specific transmembrane receptors

named integrinstriggering a cascade of intracellular evertpart from cell adhesion, and

linkage of the cytoskeleton to the ECM, integriast by signalling receptors, mediating

growth, differentiation and survival signals from the EGMegrins areneterodimergormed

by U and b chains linked by disulphide bonds
manne(33). The pairings determine the ligand specificiiyhich may also be determined by

cell type andBM composition.A rearrangement of integrins has been widely reported in the
endometrium along the menstrual cy8K). The following combinations arknown to be
involved in receptors for CcoOLIV: Ui1bp1, U1b1,
Uv 65 Additionally for COLIV, norrintegrin receptors also show COLIV chain specific

binding including CD44 and discoidin domain recegtoA number of integrins have also

been identified as | aminin receptors, of wh
types. These interactions are modulated by the physiolquictdolytic degradatioof the G

terminal usually through the loss of L&mains 35(32).
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1.2.3. Altered Basal Lamina integrity

COLIV and laminin heterogeneity is the major molecular basis for tissue sp&dfic
compositions that creat®inctional diversity across thBM. 15 possible combinations for
laminin and 6 different types of collagen IV protomers are differentially expressed
throughout the whole bo@@5). However if there are aberrations in any of these subtypes
after gene mutations, then it may potentially prohBid formation(28). In turn, this could
result inpathological conditionsisseen in the kidney, placenta and eye to name a few. On
the other hand, damage of tlBM from injury or pathophysiology is followed bBM
remodelling.In this case, leeredBM integrity triggers cellular activities that aid tissue repair
such as recruitmerdf immune cells and activation of fibroblasts. This then initiddés

remodelling through protein self assembly, deposition and network forr{@ipon

1.2.4. Basal Lamina in Normal Endometrium

As describedinth@ Ut eri ne Cycl ed0 section, human endom
month regulated bycellular proliferation, differentiationand cell death of epithelial cells.
These cellular eventsiot only depend on cellcell interactions but also cethatrix
interactions.Thus, cyclic remodelling of the endometrium is also thought tcepelated by
changes ofthe BM compositiori35). Endometrial BM provides an iterface between
epithelial and mesenchymal environments, giving structural support and also playing a
crucial role in the expression of epithelial phenofg@@ COLIV and laminin have been
reported to localisen BM of human endometrial epitheliurand shown to undergo a
menstrual cycle depemdt production in epithelial and stromal c€I&38). Ovarian
hormonesare believed to regulate the productionB#, since defective and discontinued

BM around glandular epithelium in cases of endometrial hyasigpl and endometrial

carcinomais observed to beestored after exogeus progesterone treatmt).
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1.2.4.1 Menstrual Phase

Matrix metalloproteinases (MMPs) ai large family of proteases. In the endometrium
progeserone has shown to inhibit the action of MMRss seen in many microarray
studie$40). When LSP ceases and in the abserafepregnancy, the accompanyiagop in

both oestrogen and progesterone removes this inhibitory influence on MBMp®ssion of
MMPs then increases in the endometrium during menstruation and eal/ #d plays a
proteolytic role in tissue breakdown of the endometrium during memistnygogether with
plasminogen activator/inhibitor systédi, 42) In particular, MMPs 2 and 9 preferentially
degradeBM components therefore together these proteolytic enzymesratégthe BM
supporting the epigdium of the decidualised endometrium and the endometrial blood

vessels, among other ECM components of the endomé#¢&)m

1.2.4.2 Proliferative phase

In the ProlP, important cellular activitiesake plae to recover He thickness of the
functionals layer of theendometriumafter menstruatigi86). During the FPolP, there is a
high cellular mitotic index and darge number of ECM components being produced in the
endometriunt2, 42) It has been well established that the proliferative capacity of many cells

types is strongly influenced lifie ECM¢1).

Surface luminal & glandular epithelium, and vascular endothelium

Both COLIV and lamininhave been shown tbe localised inBM structuresduring early
ProlP. Using immunohistochemistryliiC), they arevisualised as narrowcontinuousbands
supportingblood vessed and glandular epithelium orn(§6, 44) Tanaka et alemonstrated,
however, that COLIMmmunaoreactivity intensitywas significantly decreased in tBdM at
the luminaland glandular epithelium and vascular endothelium during the lladk° Rvhen
compared to other phases of the c{8%. This may demonsite that the circulating ovarian

oestrogen at this time may partially regula®OLIV production or specific COLIV
16



proteolytic activities.In contrast laminin expression was seen to be highest throughout the

proliferative phase out of the whole menstruatle{85).

Tanaka et al used auman @dometrial epithelial cell linethat retains many of the
intracellular signalling pathways found in normal endoraéepithelial cellsto identify the
effects of COLIV and laminin onellular proliferation and general morphological changes on
endometrial celi85). In particular laminin was foundo enhance endometrial ¢lpelial cell
growth and inhibitepithelial apoptosijan contrast to COLIY35). This suggests #t laminin
may play a pivotal role in endometrial epithelial regeneration after menstruation.

Stroma

Unlike epithelial cells, human endometrial stromal cells (ESCs) are found to be immuno
positive for laminin and COLI{88). This may revealthat in human endometrium COLIV

and laminin are produced by stromal cells, but not epithelial cells, and are then transported to
intercellular spaces arslibsequently to theub-epithelialBM structuresTowards the end of

the PR expression of both COLIV and laminin increased in the stroma, although the levels

increase further in the LSP and decid38%

1.2.4.3.Secretory Phase

In the secretory phadenctional changes are characterised bynseeECM rearrangement,
aimed at embryo implantationmplantation consists of a complex series of interactions
between embryonic and maternal tissue. Successflfntation in humans requirésat the
trophoblast penetrates several tissue components @ffdrt to reach maternal blood supply,

including the epithelial liningBM and underlying stron{a7).
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Surface luminal & glandular epithelium and vascular endothelium

Positive laminin and COLIV immunreeactivity ofBM structuresaround glands and vascular
endothelium has shown to persistthe secretory pha$é4). Specifically, strong COLIV
MRNA signals are observed iBM supporting endothelial ce(#5). However, laminin
expression has been shownb significantly reduced iBM supporting the luminal surface
epithelium only35). However, the authordid not conclude what laminin type was reduced,
as the antibody to laminin used in this study was polycloftak is important agne study
investigated the expression of COLVI, lamifdiftl and laminin332 in secretory normal
endometrium They found that COLIV and laminibhl1 expression were regular along the
BM, whereas lamini332 appeared uneven and interrugé?). Therefore this may suggest
that the reduced expression of lami8i82 could be so great that it can affect the overall
laminin protein integrity in theBM during the secretory phaseAs laminin expression
decreasesalong the luminal epitelium along thesecretory phaseCOLIV expression
becomes dominant in tH&M supporting théduminal epithelium. As COLIV is seen to inhibit
cellular growth and stimulat@poptosisits strong expression under the LE may contribute to

the process of implaation,increasing the embrymnplantation receptivit{46).

Stroma

Many reports show that ovarian steroid hormones mainly regulate ddegtron of COLIV
and laminin inESCs.During the MSP, studies have shownttkeminin and COLIV are
found in streaks and spots in the str¢d@. By the LSP,COLIV and laminin immune
reectivity significantly increas€85). Moreover, decidualised ESCs shothe strongest
expression for botbomponentswhich developnto a fully formed auran a mature decidual
cell(38). MRNA studies supports these findings as stronger laminin and C@iRWA
signals are detected insecretory ESCs and decidualcells, compared toproliferative

ESC¢45). In some cases, laminin mRNA sidgaaappear stronger incells adjacent to
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glandular structures than in more peripherally loc&&€£45). This suggests that COLIV

and laminin play important biological roles in human decidualised stromal cells. This was
confirmed by ell viability assay studiedhaving dcemonstréed that differentiation and
viability of ESCs in the LSP endometrium maybe be aetulated by both BM
component85). In particular, laminin has showto inhibit ESC differentiatiof7). The
devdopment of anaura ofBM is likely to restrict the motility of decidual cells. Thus this
static framework may provides an essential environment within which the events of

implantation, placentatiommmunemodulation and fetal growth ocdG6).

1.2.5 Basement Membranén PM Endometrium

Furness and Larstudied the immundocalisation ofBM component laminin in emnetrial
samples taken across all phases of the menstrual cycle (n=56) d&Wd endometrimm
(n=11)48). Results showed that laminin wasesent inBBM supporting glandular epithelium
andremained to be intact in all phases of the cycle wad similarin PM endometrium.
Iwahashi etal used immunofluorescente investigatehe effects of oestrogen on the ECM

in the PM endometriun24). They found in samples taken from thumtreatedgroup there

was immuneocalisation for laminin but none for COL[¥4). In contrast, bothBM
components were found in the endometrium of oestrogen treated women, and resembled
endometrium of cycling women in the proliferative phase. This supporting evidence confirms
that circulating levels of ovarian hormones are importéot the production ofBM
components and this is lost after menopaésklitionally, laminin has also beereported to

be immunelocalised in BM supporting vascular endothelium iIBM endometrium as
illustrated by Taaka et al, but the expression wsignificantly lower than that seen in

cycling endometriurg85).
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1.3Uterine Stem Cells

Stems cells are the fundamental units of biological organisgtlaging a critical role in the
replenishment and regeneration of dying cells and damaged {#3udheyare defined as
undifferentiated cellscapable of reproducing themselves and differentiating into many
different cell tyeg50). During the course adtem cell development, theyefirst totipotent
being able tdifferentiateinto any celltype in embryonicgerm layers (ectoderm, mesogher
and endoderm)and extraembryonic tissue(trophoblast, placenta and ext&abryonic
membrane$?9). Thereafterthey candifferentiate into pluripotenstem cells givingise to
cells that form & the three germ layer®nly. As embryonic development ensues, the
differentiation potentialbecomesincreasingly restrictedproducing cells that give rise to
multiple types of cells within the same germ layer, caftedtipotent somatic stem ce(fsl).
Thesecells thenusually differentiae along only onelineageproducing component cells of
the tissue in which thereside and are known as unipoterdomatic cells. Therefore,
depending on the stage of development, stem cells can be either classified as either
embryoni¢ derived from blastocystspr adult stem cells (ASCs)derived from post

embryonic cell lineag€49).

1.3.1 Embryonic stem(ES) cells

ES cells, first isolated fromthe mouse in 1981are a type of pluripotent stem cell derived
from the inner cell mass of the blasto¢$&). Theyhave the ability to differentiate to form

the trophoblast and derivative ofl #hree germ layef52). Due totheir characteristics, ES

cells show great promise wnderstanding organ physiology, for example in the heart and
brain(53, 54) However, ES cell studies face hurdles of problems, including risks of teratoma
formation and theethical arguments over the creation, usage and the destruction of human
embryos. Therefore the applicati@i ASCs may provide an alternativeand researcto
determinetheir full potertial is currently being undertaken
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1.3.2 ASCs

ASCsaresmall populations of quiescent cells found in an undifferentiated state throughout
the body after embryonic developm@®). They maintain tissue homeostasis through
replacement of cells in cellular turnovengteby contributing to the structural and functional
preservation of the tissues during the lifetime of the indivi@tgl ASCsare defined by their

functional propertieas seen in vitro

1 High proliferative potential
1 Substantial self renewal capacity
1 Ability to differentiate into at leasbneor more lineages

1 Clonogenicity

Proliferative potential is determined by analysing the total number of cell population
doublings of one cell by serial passage until senes¢énddaintenance of the stem cell
population requires cellular self renewal through mitotic cell division to produce identical
daughter stem ce(81). Stem cells are classically identified by their clonogenic activity,
defined as the ability of aingle cell to self renew and produce a colony when seeded at
extremely low densiti€d49). This well characterised functional activity ABCsin vitro has

been used to demonstrate their existence in various tissues.

There are two types of cell division that maintains this stem cell fepoisymmetric and (b)

symmetric cell division.

a) Asymmetric cell division produces an identical daughter cell, which maintaiog/n
population of undifferentiated cells (self renewal), and a more differentiated
progenitor cell see figure 1.&6). These progenitor daughter cells undergo rapid
proliferation, and thir daughter cells ptiberate producing anore mature progeny
known as transit amplifying (TA) cells. TA cells which have properties intermediate

between stem cells and end stage differentiated cells. Although they have limited
21



proliferative potential andhability to self renew, TA cells undergo rapid proliferation
and increase in cell numigeb). As they undergo rounds of cell division they acquire
differentiation markers as part of the cellular amplification process producing

numerous terminally differentiated functionalis(51, 55)

Stem cell

/N
@

Progenitor cell Daughter Stem cell

/ N\
® TAcells o

/N /N

®@e®

Terminally differentiated cells
Figure 1.5 Diagram to shovasymmetric cell division

b) In contrast to asymmetat division symmetrial cell division (see figure 1.6)

producstwo identical daughtestem cells or two TA prgenitorcells.

Stem cell

Stem cell

/N /N

. TAcells .

Daughter
Stemcells

Figure 1.6: Diagram to showysnmetrical cell division
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Over the past several years there has been a substantial body of literature questioning the fate
of ASCs ASCshave previosly been thought to have restricted differentiation pcaémti

order to produce etivatives limited to the tissue which they reside in or withinirthe
embryonic germ layer boundar(4). Nevertheless, this assumption has been greatly
challenged as in someases stem cells have shown to transdifferenfiaiem one tissue
lineage to a diffeent lineagea process known as plasti¢iy). This involves an acquisition

of new cellular markers and function of the new cell type without an intervening cell
division(51). Thisplasticity has been detected mmesenchymal stem cells loonemarrow as

these cells are known to traffic via the blood stream and incorporate into damaged tissue and
change into many cell typ@sS8). Thus it is now believed that in the settioftissue damage

and a change in the extracellular environment, sA®€ssuch as haematopoietic stem cells

may not be lineage restricted and may be able to differentiate into other cell types in new

locations, in addition to their usual progeny of orgaresidene(59).

1.3.3.Endometrial Stem/Progenitor Cells

As previously explored, the endometrium is a higdynamic tissue which undergoes
repeated cycles of growth and regression with each menstrual apcdeundergoes uterine
decidualisation in pregnan@0). Additionally, endometrial growttalso follows parturition

and inPM women taking oestrogen regement therapyThis level of cellular turnover is
similar to that seen in highly regenerative tissues such as haemopoetic tissue, intestinal
epithelium and the epidermisvhere ASCs are responsible fogenerating replacement
cell460). Based on thesfeaturesASCshavealsobeen hypothesised to be involvedtie
regmerationand development of glandular and stromal components in the endon{éttjum
Recent experimental approaches have demonstrated the classical functional properties of

ASCs in endometrial tissue.
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Chan et al provided the first evidence for the existeaf endometrial stem/progenitor cells
using cell cloning studi€S6). Thereafter, the same group demonstrated endometrial cell
clonogenicity, as they found 0.22% of epithelial cells and 1.25% of stromal cells were able to
form individual colonies when seeded at clonal density and they also demonstrated the
differentation potential of these ce{B2). They reported that the stromalonogenic cells

were able to differentiate into a number of dgibes includingchondrocytes, adipocytes,
osteoblasts and smooth muscle cells which are characteristimnefmarrowand adipose
tissue mesenchymal stem c@I3). They further demonstratedhagh proliferative potential

of endometrial stem dsl with epithelial and stromal cell fractions capable 0f320
population doublings before senescence transformation, whereas nastemlike

endometrial cells were capable of only 12 population douligs

Colongenicity inendometrial tissu@as been testeacros all phases ahe menstrual cycle

and also in inactiv®M endometriun{62). It has been demonstrated that clonogenic potential
in epithelial and stnmal cells do not differ between the phases of the menstrual cycle and
between endometral samplesfrom reproductive andPM womer(61, 64) As PM
endometrium only contains the basalis layer, these findisgggeststhat putative
stem/progenitor cells reside in the basalis layidre lack of difference in clonogenicity
between the patient groups alseggests that ovarian hormones may not have a regulatory
control over the stem cell activitysince they fall in PM wonre In agreement with this,
Gargett 6s g meeaghymal dtemdsiinfthe ermbometriurthatdid not express

eitherP R's 0 buteEpReSse®E R®1, 64)

Stem cell s can al so be (SPrheshdwn ih vadods adut tissuesdé si d e
This method involves incubation with a DN#nding dye Hoechst 33342 and theamalysing

cells using a dual emission wavelength fluorescence activated cell sorting (FACS). Since
stem cells areable to pump out the dye via th&TP-binding cassette transporter G2

(ABCG2) in the plasma membrane, they should appear as a low Hoechsitjwopahd are
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characterised as the side populatéd)). Given that ABCG2 is a characteristic marker of SP
cells, it was used to study the spatial distribution of SP in the endometrium using
immunofluorescend®&5). Since endometrial functionaliss thought toregeneratdrom the
remaining basalisafter menstruatign this suggeststhat the putative emdnetrial
stem/progenitor cells reside the basalis. Interesting, ABCG2 cells were distributed evenly

throughout the functicad and basalis layers of the endometr{66) 60)

The main problem with the proposed stem/progenitor cells from the endometriumtisethat
potential stem cellsave not been able to conclusively produce an endaahkite tissue in a

3D culture or animal model Furthermore, there are no markers of endometrial epithelial
stem/progenitor cells. For those reasons, althaughy studies have tried to investigate the
source and location of endometrial stem/progenitor délst precise origin remains elusive.

It has been thought that fetal epithelial and mesenchymal cells remain in adult endometrium
and contribute to the regenerative ability of the endome{ginAdditionally, several lines

of evidence suggest thabne marrowderived cel$ congregate at sites of tissue damage and
incorporate into various organs, including the endomet(e@n Recently, a particular study
showed that female mice receivinigone marrowtransplantation from male donors,
demonstrate genotypically madierived cells incorporated in their endometri{&®).
Therefore, it has beenpostulatedthat once bone marrowderived cells populate the
endometrium, they are able tansdifferentiate intendometrial stem/progenitor cells and
contribute tathe pool ofalreadyresidentASCs

1.3.4The Role of BM in the Stem Cell Nicke

In 1978 Schofield hypothesised that stem calls embeddedvithin fixed compartments
called niches. Recently, mammalian stem cell niches have been described in germinal,
haematopoetic, neural, epidermal and intestinal sy$6h7®). These physiological
microenvironments arkighly tissue specifistructurescomprising of ECM molecules with

additional surrounding cells, whicdnchor theASCs Niches are thought to play a crucial
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role in maintaining tissue homstasis in various ways. Firstly, during periods of inactivity
they maintainASCsin a dormant state (b by signalling inhibitory pathways, protecting

them from differentiation, proliferation and apoptotic @3 Secondly, they determine the

fate of stem cell daughteby balancing stem cell replacement (self renewal) and providion

functional differentiated cells required for organ func{if). Additionally, they provide a

protedive environment to maintaintrgené i ¢ f i del ity ove(@0.t he stem

A well organised ECM is crucial for stem cell niche function and mainly comprises of
cadherins to mediate the adhesive interactions between niche cells and stem cells, and
integrins to control interains between ECM and cdli®). It has been proven thareast
epithelial stem cells live in a niche where ECM proteins provide an optimal
microenvironmer{Z3). As part of this matrixBM is an important compa@mnt to which stem

cells attach orto(5). The BM is believed to have important function for the structural
integrity of stem ells, facilitating the polarisation of cells, which is important for cell
division(5). Such an environment may regulate thens cells and their proliferating and
differentiating progenies vidhe epitheliatmesenchymal cross talklherefore, ahighly
selective specialised ECNé neededto maintain stem cell properties, particularly during

development.

Growth factorsincluding epidermal growth factofEGF), platelet derived growth factor BB

and tansforming growth factoalphahave been shown to supp@mdometrialclonogenic
activity, and have been suggested to haveade in stem cell nich@1). Interestingly,
interactions between ECM and growth factors are integral in tissue repair pr@ge4SEM
componentgan directly bind to ancklease certain growth factors enhandimgjr activityor
protecting them from degdation This is seen when cleavage of laminin by MMPs releases a
protein molecule that can bind to EGF receptor, subsequently enhancing cell motility and

migration hence enabling tissue regair.
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1.3.5.Stem Cell Markers

Although functional analyses help identify stem cell activity in the endoumet definite
markers for endometriadteniprogenitorcells are unknown and regrch into indentifying
specific markers is ongoifig4). A panel of known stem cetharkers, including cytokeratin
5/6 (CK5/6), podocalyxinlike protein 1 (PODXL) and stage specific embryonic antigen
(SSEAL)will be usedn this study to potentiallydentify putativestem/progenitocellsin the

endometriunsampledrom all patient groupstudied

1.3.5.1CK 5/6

Cytokeratinsare the largest subgroup aftermediary filament (IF) proteinswhich are
preferentially expressed in epithelial tisqFé&g. IF is part of the cellular cytoskeleton which

are very long, chemically stable, unbranched filaments @nrilin diametdi76). These
filaments braid the nucleus, span the cytoplasm and attach onto cytoplasmic plaques of the
typical epithelial ceHlcell junctions, known as desmosorf¥). Additionally they attach onto
hemidesmosomes that connect d teethe ECM. Thus this provides a continuum of stability

not only between epithelial cells itself, but alsdBfd and connective tissue compartment of

the given epithelium.

Two types of cytokeratins exist: the acidic type 1 cytokeratin (€X0Pand thebasic type Il
cytokeratin (CK 18)(76). Based on their molecular weight and immereactivity, pecific
cytokeratin fingergnting allows the classification of all epithelidhe type of CK expression
depends on the type of epithelium and how well differentiated and developed the epithelium
is(77). Thus for this reason CKs are used to try morphologically classify stem cells,
intermediate TA cells and their progenies, particularly in mammadyprostate tissyés,

79).

CK5/6 is a marker of differentiated epithelial cells illustrated by its distinctive role in breast

cancer histologyThe mammary gland consists of a network of ducts that form befdte bir
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which branch out into the mammary fat pad. These ducts are lined with a -dydried
epithelium consisting of a basal layer of contractile myoepithelial cells and a luminal layer of
specialised glandular cel®0). Further differentiation takes place during puberty when there

is a rapid outgrowth of the ducts. Nonetheless, thereafter, breast epithelium remains relatively
immature as it is consty renewed during the menstrual cycle. The final stage of epithelial
differentiation occurs during pregnancy and lactation. In order for repeated pregnancies to be
sustained, a subgroup of breast cells needs to retain the potential for rapid prolif@nation
differentiation and this is the function of stem cells, which has also been hypothesised to be
the driving force behind mammary carcinogen@§is This recognition of the regenerative
capacity has led to the recent isolation of stem/progenitoenelthed populations from the

mouse mammary epitheliysil).

In breast tissue, it has been shown thatingdal epithelial cells express CK 8/18, CK 7 and

CK 19, while basal/myoepithelial cells express CK 5/6, CK 14 and QR2).7It has been
suggested that CK5 positiveells display the phenotypic and behavioural characteristics of
stem/progenitorcells for both the glandularnd myopepithelial cell lineagé3). Using
immunohistochemistryB R ¢ k e rstaireed paraffin sections of breast tissue with CK5/6 and
suggested that a last stem cell is CK5/6 pdsie in the basalpositioned ceB that
differentiateinto all other breast cell typ!) and these results were verified by other
studie$85, 86). However, shortly after, Clarke et al studied the expression of CK5/6 in
matched pairs of paraffin wax embedded and frozen breast specimens. The staining patterns
reported previous CK5/6 positive staining in antigetrieved paraffin sections bubrCK5/6

only cells were founth frozen sections of the normal br&&3y).

Recently, cytokeratin expression was analysed in cultured mouse mammary epithelial cells
(MEC) during early and post natal developmentgei$&8). The study found CK6+ putative
mammary pogenitor cells arise during embryogenesis with distinct temporal and spatial
distribution88). Whereas CK5 expression was considerably lower than CK14, which are two
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CKs that are often cexpressed, during the first postnatal weeks of mammary

developmer(B838).

Since both breast and endometrial tissue undergo significant changes during the menstrual
cycle and are both responsible to ovarian hormones, CK5/6 will be investigated as a marker

of endometrial stem/progenitor cells in this study.

1.3.5.2PODXL

Podaalyxin is a transmembrane glycoprotein, encoded by the PODXL gene, belonging to the
sialomucn protein family89). This protein was originally identified as an important
component of glomerular podocytes. Podocytes are highly differentiated epithelial cells with
inter-digiting foot processes covering theiter aspect of the glomerul®8M. The foot
processes of podocytes are covered on their apical surface with an anionic glycatbatix
PODXL is a major component (@0). It contributesto podocyte characteristics as it is an
intensely negatively charged molecule preseriaige amounts on podocyte foot processes
and lines the surface of endothelial q@llls 92) This negative charge is thought to maintain
the distance between foot processes of neighbouring cells and betweerticgatgds and

the endotheliurf89). The basal surface of podocyte foot processes is connected to the
glomerularBM at focal contac{93). It has been suggested that glonter88M components

play morphogenetic roles in foot process formation, correlating with the expression of
podocalyxin. Nonetheless, there is evidence that podocalyxin inhibits cell binding and
spreading tdBM component®3). This antiadhesive effect is thought to contribute to the
specialised conformation of podocy{@3). After its discovery, this protein was first cloned

in 1995 from rabbit glomerulus, and was termedigalyxin-like protein 1 (abbreviated as

PODXL) sharing many of the characteristicslodé originalpodocalyxinprotein89).
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SubsequentlyODXL was found to bexpressed in the haematopoietic system with close
relation with hematopoietic stem cell mark€D34, and the recently discovered sialomucin,
endoglycaf4, 95) ThereafterPODXL was identified aa marker of malignant testicular
tumourexpressed on humambryonic cecinoma (EC)cell lineg96). HumanEC cell lines

are established malignant pluripotent stem cell lines derived from human germ cell tumours
therefore lased on these resulBBODXL is known as marker of undiffererditedembryonic

stem cel(97). In addition it is abnormally expressed in subsets of breast, liver, pancreatic
and kidney cancer as well as leukadg@®®. Strikingly, it is often associated with the most

aggressive cases, and itikely involved in metastas{98).

1.3.5.3.Stage specific embryonic antigens (SSEA)

Extracellular dycolipids, cell surface carbohydratesre the first cellular component
encountered by approaching selantibodies and other moldeg99). It is well known that

the expression patterns and levels of glycolipids drastically change during develppment
meaning that they can be useful stagecific narker molecules of developing cells
including stem celld00). Carbohydrate antigens were first describedbiter and Knowles

to showa stagespecific expression in undifferentiated mouse ES cells and undergo marked
alterations in their localisation in defined regions of the en(i@b). Therefore, they are of
practical value in analysing cell differentiat{@1). Significant carriers of stage specific
cabohydrateon ES cellsare the lactoseries (SSE andglobuloseries$SEA3 & SSEA

4)(101)

Theepitope of SSEAL antibodyhas shown to corresponal that of Lewis X antigen (Le)X
but strictly, is not equal tas LeX.,(100). According to the cluster of differentiation (CD)
nomenclature, SSEA is also referred to as CD@®0) SSEAL, detected by a monoclonal
antibody against mouseC cells, is also shown to be an established marker of en&s

cells It appearsirst in the late eightell mouse embryogn approximately 50% of ES cells),
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later becoming r&tricted to specific cell typeGppearing is less than 10% of EX)2).
Overall, tis illustrates the importance of SSEA as a marker fomouseundifferentiated
cell102). The functional role of SSEA is not well understood, however, it is generally
considered to be involved in cell adhesion and compacatif the mouse embryo #he

morula stage and also in E€llg102).

In contrast with mousdyuman ES and ECellsdo not express SSEAin the same manner.

During the course of differentiation of human EC cel®re is a transition from SSEZ,
SSEA4'/SSEA to SSEAL" only phenotyp€l03). The diminished expressioof SSEA3

and SSEA in the plasma membrane upon differentiatimakes thenuseful markers for
pluripotercy, and additionally SSEA1 has been prospectively utilised to isolate multi

potential embryonic stem cgl@9). However it has beerpostulatedthat they donot havea

functional role in human ES cells as their depletion using inhibitors had no significant effect

on the <cell 0s abi | i t(99). Rrimordial ggena icells have dhowwnf er e n
resemblance to ES cells by their ability to induce teratocarcinomas. Human primordial germ

cells with similar properties to ES cells are called embryonal germ (EG) cellsaaadben

shown to express SSER SSEA3 and SSEA4(102, 104)

Neural stem cellsre defined as undifferentiated neural cetlsfived from adult brain or
from embryos, whichyield both neurons and glial cells aade expected to be valuable in
therapy in neurodegenerative diseadélew cytometric analysis revealoth mouse and
human neural stem cell express SSEAat posthatal day 1 and at gestational week 17
respectively105). Thus, as SSEA1 aexpressed imore maturgrogenitorcells of nervous

tisaue, thisindicatesits role asa marker for more differentiatédA cells(100).

Although carbohydrates are complex structures, their cellular expression is highly regulated
and appears to be dependent on the patterglymosyltransferasesfound in the golgi

apparatusmodulating posttranslational glycosylatiqda06). The fucosyltransferase@d~UT)
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area family of glycosyltranferases that play a crucial role indéeelopmental control of cell
surfaceglycan106) In mammals, fucosylated glycans linked to proteans involved m a

wide range of mechanisms such as cell adhesion during development, inflammatory response
and leukocyte traffickin@06). Different FUT enzymestransfer different carbohydrates
components on glycans on various linkg@es). Interestingly, FUT4 a keyenzyme that
transfesf uc os e at ,isldst ddirind in vitto aiffesentiation of mae EC cells in

paralkl to the disappearance of SSEA01).
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1.4 - Endometriosis

Endometriosis is one of the commonest gynaecological tondi characterised by the
presencef endometrial tissue found outside the endometrial cavity. These ettsjmns are
morphologically and biologically similar to normal endometrium, containing functional
endometrial glands and stroma. Endometriosis is predominantly found in women of
reproductive age, from all ethnic and social groups with an estimated gmegabf 2
229%(107). It should be suspected in women with subfertility, severe dysmenorrhoea, deep
dyspareunia and chronic pelvic pg@liA8) However, the clinical presentation varies
depending on the locatiandseverity of the disease proceas. well as physical well being,

these associated symptoms can also impact on mental and social well being too, creating a

huge burden on the economy.

1.4.1.Pathophysiology

There have been significant developments in recent years regarding our understanding of
endometriosis, however the pathogenesisndbenetriosis still remaingnclearand theorigin

of endometriotic im@nts has long been an area of active investigation.

Currently there are three theories that describe the aetiology of endometriosis

THEORY ONE: Menstrual regurgitation

60Menstrual igteegnoswgelytaacepted thebry that wasoposed by Sapson

in 1927109). This theory states that fragments of endometrium are transferred through the
fallopian tubes in a retrogradearmer at the time of menstruation. This is followed by
implantation of viable endometrial cells into the peritoneum and pelvic organs to establish
ectopic growth of endometrial tissu€hus endometriotic cellsare thought to have an
invasive phenotype siiar to metastatic tumour cellsHowever, the fundermental

mechanisms by which menstrual endometrium adhere, proliferates, and established a
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functional vasculature in an ectopic site remain to be elucidRdograde menstruation is a
universal phenomemg occurring in at least 780% of women undergoing peritoneal dialysis
and laparoscof®10, 111) Neverthelessgiven that retrograde menstruation occurs in most
women, it isstill unclear why some women developdemetriosis whilst otherdo not. This
suggests a primary role of abnormal eutopic endometrial cells (lining the uterine cavity) or an

altered peritoneal environment contributing to the establishment of endasisetrio

A Baboon Model for Endometriosis

In order to understand the early and progressive events associated with the establishment of
endometriosis, a Baboon model has been developed in which the disease can be
induced112). In this model, menstrual endometrium is harvested from baboons, specifically
Papio Anubis, using a pipelle and during laparoscopy the pipelle contents are deposited at
three sites: the pouch of Douglas, the broad ligament adjacent to the oviducts and on the
uterus. At the subsequent menses, the animals undergo a second laparoscopy and endometrial
re-seeding at the same ectopic q1d2). The advantage of the induced model is that the
progressive changes in both eutopic and ectopic endometrium can be studiesHmuanan

primate model at specific times during the menstrual cycle and as the disease process
continuegl12). Hapangama et al used the baboon model to demonstrate the relationship
between eutopic and ectopic endometrial ¢&ll8) They found that during the disease
process eutopic endometrial cells acqdia more prgroliferative potential that contributes

to the pathogenesis of endometriosis via repeated retrograde mens{iis)on

THEORY 2: Coelomic Metaplasia

The second theoryoelomic metaplasijsstates hat endometriosis develops from metaplasia

of the cells lining the visceral and abdominal peritoneum induced by a st{fid)sThis
hypothess can account for cases where endometriosis is found in mepulipeetal and
adolescent girls, distant ectopic sites and endometriosis found in women with congenital
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absence of mullerian structu¢éy Despite these intriguing findings, evidence to support this

particular theory remains elusive.

THEORY 3: Embryonic rest theory

Lastly, the embryonic rest theory proposes that at puberty there is activatiorllsf af
Mullerian duct origin at various sites in pelvic cavisoducing endometrial tiss(lel5). This
theory supports the findirsgf rare casem which endometriositesions ardound in males
as the male embryo initially develops femajgecific embryologial structure€l16)

However, again, this theory also remains to be ovgm and entirely hypothetical

Link between endometriosis and camnce

For many decades, endometriosis has been suspected to play a role in the aetiology of ovarian
cancer.Epidemiologicaldata suggests a link between endometriosis and ovarian cancer with

a twofold increased risk of developing ovari@ancerin patients wih endometriosisin

general and a further fourfold increased risk for high residometriosispatients with
infertility (117). In ovarian cancerthe metastatic spread of malignant cells first involves the
disruption of the mesothelium exposing the underlying ECM which provides an environment
of cell adhesion, invasion and grotf8). Similarly, in endometriosis endometrial cells
adhere to the exposed mesothelium where the initiate ectopic growth of endometrium.
Therefore, adometriosis is thought to exhibit some of the characteristics of tumours since the

two diseases involve the metastatic sdrefcells.

1.4.2Diagnosis and Staging

A history and examination can yield a number of significant findings, howeveg ison
diagnostic Similarly, ultrasound scan can only give a presumptive diagnosis of ovarian

involvement of endometriogik19). Surgical exploration of the peritoneal cavity through
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laparoscop followed by histological confirmation is the gold standard for the diagnosis of
endometriosi€l19). Three clinically distinct forms of endometriosis include endometriotic
implants on the surface of the pelvic peritoneum and ovaries (peritoneal endometriosis),
ovarian cystsihed by endometrial mucosa (endometriomas) and a complex solid mass
comprised of endometriotic tissue blended with adipose and fibromuscular tissue, residing
between the rectum and the vagina (rectovaginal endometriotic ndddlg) During
laparoscopy, the peritoneum, fallopian tubes, ovaries and the pouch of douglas are examined
for the presence of endometriosis, adhesions, fibrosis and cyst forma@herextent of
endometriosis ighen staged HV according to the American Society for Reproductive

Medicine (ASRM) systemwhich correlates well with chances of infertilitsee tablg.21).

Table 1.17 American Society for Reproduction Medicine Classification of Endometriosis

Stage Description

I Superficial lesion present with or without a few adhesions.

Il As above, in the presence of deep infiltrating lesions found in the ¢
sac

[l As above, in the presence of endometriomas on the ovary in addit
more adhesions

\Y As above with larg endometriomas and extensive adhesions.

However, this classification lacks a description of women with pain, and needs to be included
since it can be a recurrent atmhg-standing feature of endometriosis. Additionally, the
classification does not take into account of the functionality of different endometriotic
implants,nor does it include any biological markgr$9). It may be impossible to include all
these factors and it is unlikely that an accurate staging system will be introduced until we
have a better understand of the pathophysiology behind endometriosis.

Histological feaures of ectopic lesions include the presence of stromal and endometrial
epithelial cells, chronic bleeding and signs of inflammati®imce endometriosis is already
established in many women when they first present with symptoms, the initiation of the
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disease is difficult to establishEndometriotic glandular tissue is morphologically
heterogenous and, in comparison with eutopic endometrium, the glands appear larger and
more disorganisdd?2?2).

1.4.3.Management

Treatment of endometriosis needs to be tailored to the individuabwalepending on her
symptoms, priorities and stage of endometrioBreatment of endometriosis entasdsrgical

and pharmacological interventigrither individually or combinedMedical treatment relies

on manipulating ovarian hormones and inducing amenorrhoea, and includes combined oral
contraceptive pill, analogues oGnRH, or progesterone analogues and aroneatas
inhibitorg114). These medications are suitable in reducing pain, but sfoereffect profile

e.g. increased cardiovascular rigknits their long term use. Additionally recurrence is
common on discontinuation and does not improve ferdllity). If fertility is priority,
conserative surgery is effective in reducing pelvic pain as well as improving pregnancy.
Surgical interventions include excising or ablating endometriotic lesions and the removing
adhesions in the peritoneal cayit§4). Overall, arrently, there is no universally accepted

protocol for the treatment of endometriosis thus treatment is very much individualised.

1.4.4Bas=ment Membranein Endometriosis

As previously explored, the endometrium is a highly dynamic tissue and therefore
dysregulatio of important structural macromoleculesB¥ may have a role in endometrial
pathologieslt has already been established that expression of tenascin, an EGirgkgin
found in endometrial stroma, is significantly higher in ectopic lesions than in eutopic
endometrium, confirmed by western blotting analy$#23). ESCs from women with
endometriosis have also shown to @éaw significantly increasl adhesive capacity when
placedin tenascirC, suggesting this ECM protein mahawe a role in the pathogenesis of

endometriosis Whatever the mechanism by which endometriosis is established, its
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development idikely to involve cdl adhesion proliferation, invasion into the underlying
tissue, and differentiation of the ectopic endometrial cells. As these cellular events are
modulated by ECM components, it is possible that endometriosis may be associated with

aberrantly regulateded-BM interactions.

There are similarities and differences seen in the eutopic endometrium taken from women
with no endometrial pathologies (controls) and women with endometriosis. Wsiag
Harrington et al showed that the basalis region of the autepdometrium collected from
endometriosis patients showed strong staining for COLIV and laminin, irrespective of what
phase of the menstrual cycle the sample was collec{&d3h This immuneexpression was
consstert to what was seen ithe endometrium collected from control§his suggests that
basalis layer in the endometrium of ipats with endometriosis remains its preserved
functional state across the menstragcle Another study analyseBM componentsn the

LSP endometrium ofvomen with unexplained infertility, a condition closely associatet
endometriosisand also in endometrium from normal fertile coni{®¥9. In contrast to the
previous study, alendometrial biopsiesvere immunenegative forCOLIV and laminin in
ESCsandBM supporting blood vessels and glandghe infertility groug37). The lack of
endometrial ECM components may have a negative effect on cell recruitment andomigrat
and could result in incomplete embrymaternal recognition, a possible consequence of

which may be implantation failure.

Additionally, remarkable similaritieshave been observetietween eutopic and ectopic
endometrial samples in the expression andlisation ofBM components. These include
similar strong expression of laminin epithel@M and COLIV in glandular epitheliurBM
in matched eutopic and ectopic endometsgaimplegl23, 124) In addition, when studng
endometrial stroma, laminin pressionappeardo be similar between ectopic lesions and of

control eutopic endometriunwhen all sampled during the LSRotably,laminin 5 has been

38



reported to be discontinuous and interrupted in normal secretory etrilom and this same

pattern has also been noted in endometriosis lggighs

Proteolytic activity has seen to be increased in ectopic lesions since higher levels 6® MMP
and a higher ratio of MM to tissuemhibitor of MMP (TIMP)}1 are found, when compared

to eutopic endometrium from women with and without endomet{#ZjsThis could result

in enhanced proteolytic potential of endometrial fragments undergoing nadieog
menstruation, increasing invasiveness and facilitating the development of endometriotic
foci(1). Using collagen invasion assays, Gaetje et al were able to show that cells from
peritoneal endometriotic lesionexpress this invasive phenotyp25) Interestingly, a
retrospective analysis showed that in 12 out of 15 samples of fine needle aspirations from
endometriotic cysts showed oval structures very strongly stained for COLIV. The authors
concluded that repeated bleeding and inflammation, involving proteolytic activity, in ectopic

lesions can greatly fragmeBM, therefore, assuming this oval shél#6).

Petraet al investigated the rolef BM componentCOLIV and lamininin endometrial cell
adhesion and proliferatiprboth of which are known to take place the pathogenesis of
endometriosisThe authors claimed that as cultute8Csretain integrin expression in vitro,
ESCs can be accept@as a model for investigating the function of integrins and their ligands
and effectively analysing cellular adhegibn Using this model, ESCs derived from
peritoneal surface and ovarian lesions and from enttanme of women with endometriosis
exhibit an increased attachment BM components In particular ESCs from ovarian
endometriotic lesionexhibited 2.53 fold increase in attachment to COLIV and lam{tn
Additionally, ESCs from peritoneal surface lesions exhibited a-2.50ld increase in
attachment to COLIY1). Experiments have shown that endonatdgells donot adhere to
intact epithelium but preferentially adheresstdxepithelial structurg427). In the event of
mesothelial injury or ruptre of primary ovarian follicle, this may allow peritoneal and

ovarianBM componentdo be exposed thus providing potential sites for attachment. This
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interaction between endometrial cells and the -suthelial layer is likely to be
communicated by integrg(128). Peritoneal fluid also contains released proteolytic fragments
of COLIV and laminin during ovulation, increasing the interaction between endometrial cells

andECM components for attachment in the peritoneum.

Endometrial cellulamproliferation has shown to béncreased in endometriofl29) It has
been thought that the development of ectopic endometrial implants évalaliferation of
ESCssubsequent to their attachment to the peritoneal {EsuE0 measure the proliferative
capacity ofESCsin differentECM componentDNA synthesis was analysed in both eutopic
and ectopicstromal cell§l). These experiments revealed tlEBCsderived fromeutopic
endometrium from women with endometriosiemonstraté a 1.53 fold increase irDNA
synthesis when separately placed on COLIV, laminin amther ECM components.
Additionally, ESCsderived from ovarian lesions exhibited a42fold increase in DNA
synthesis when separately placed on laminin and other ECM compdnenkerefore these
molecules couldmodify the adhesive and prolitgive behaviour ofESCsin menstrual

effluent that aréransported into the peritoneal cavity through retrograde menstruation.

1.4.5.Stem/progenitor cell functionin Endometriosis

Recent characterisation of possible endwiale stem/progenitor cells hagrovided new
insights into endometrial physiology and tpathophysiology of various gynaecological
disorders includinggndometriosis andndometrial cancefl.o datethere is no direct evidence

for the role of stem/progenitaells in the pathogenesis of endometriokiewever there are
numerous studies that give plenty of indirect evidence for the function of endometrial
stem/progenitor cells in the development of endometriotic implants. The array of evidence

given can supqrt all theories of the cellular origin of ectopic endometriotic deposits
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Retrograde Menstruation

Recentevidence suggests women with endometriosis have a greater amount of basalis
endometrium in their menstrual debris than normal fertile womesh destbed by
Leyendecker et £130) Fundamental differences have beeensketweerthe cyclical pattern

of ovarian hormone receptors of th@asalis and functionalis layers in tlemdometrium.
Leyendecker et al used this concept and also explored for any potential similarities or
comparisonsin PR and ER expressiobetween eutopic and t@pic endometrium. They
found that ectopic endometrium mimicked the cyclical pattern of ER and PR of the basalis
and was o6out of phased wit h(130)hThis dtudynadsb i on a l
showed thatsignificantly more basalis layer of the eutopic endometrium was shed in the
menstrual flow of women with endometriosis conggamith that of healthy contrgs30).

Thus, in combinationwith evidence sugging endometrialstem/progenitor cells mainly
reside in the basaligndthat women with endometriosis have larger volumes of retrograde
menstrual flow, this supports the theory that endometteah/progenitor cellare transported

in a retrograde fashioand reach peritoneal cavity where they adhere and establish ectopic
lesions. It is thoughthat lorg term ectopic lesions develé@m endometrial stem/progenitor

cells and ectopic lesions that easily resolve are established by more mature #Llxells
Additionally, it is possible hat the endometrial stem cell activity may also be abnormally
high in endometriosis patients, increasing their capacity to implant and dstilglimselves

as ectopic tissybl).

Coelomic Metaplasia

Metaplasia of the peritoneal lining has been suggested as a possible cause ofrezsiemet
However, another source of metaplastic cells iskibee marrowderived cells with trans
differentiation capacity, that gain access to the peritoneal cavityheiairculation. Bone

marrowderived cellsas an extrauterine sourceof stem cellsmay be responsible for the
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observations that support the theory of coelomic metaplBsiand Taylortested this theory

by using an expemental model for endometriosign this study,samples of wild type
endometriumwere transplantedhto the peritoneal avity of hysterectomised mice. These
mice werethen recipients forbone marrowtransplantation fromLacZ transgenic mice
Ectopic endomteial lesions were later samplatid LacZ expressing stem cells were found to

be incorporated into the implaptand wee capable of differentiating along epithelial and
stromal cell lineages at a frequency of 0.04% and 0.1% respe¢li8&ly Altogether, this
suggests thabone marrowderived cellscan not only transdifferentiate into functional
endometrial cells after seeding the endometrium, but can also behave similarly outside the
endometrial environmenin light of this evidencehone marrowderived cellsnay contribute

to the normal endometrial physiology and the development of endometriosis.

Embryonic rest theory

Remnant Mullerian cells have some characteristic stem cell properties of high proliferative
potential, multipotency and self renewal. Thiiss possible tht potential stem/progenitor
cells can persist in the remnardaé the mullerian systemwhich can fom endometriotic

implantg4).

Even though there is a vaamownt of indirect evidence indicating the role of putative
endometrial stem/progenitor cells there is still a lot of unanswered questions. For example it

is not known whether there is a diffepenn the endometrial stetike cells between women

with andwi t hou't endometri osi s. Addi tional l vy, eve
most widely accepted theory behind the pathogenesis of endometriosis, there is evidence
lacking behind the idea that endometrial stem/progenitor cells actually are shed in a
retrograde fashionExtensive research into the role of stem cells in endometriosis is still

needed, nonetheless, itarareadifficult to investigate.
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1.5. Endometrial Carcinoma

Endomérial carcinomaa commonrgynaecological cancer affecting 2,600 wonen, with an
estimated 42,000 deatper year worldwidg€132). In the UK 7536 women were diagnosed

with endometrial cancen 2007, making it the fourth most common cancer to affenhen

after breast cancgr33). Endometrial cancer can be divided into two major groups
depending on histopathology, epidemiology, and clinical beha\i88} Type ltumours are

the most common tumours and constitute rogen dependent dometrioid
adenocarcinomand ype 2 are more aggressive tumours that carry a poor prognosis.
Endometrial cancers are also graded, from | to UHing the International Federation of
Gynaecology and Obstetrics (FIGO) grading system targl classification is based on the
architecture of the tumour, the appearance of the nucleus in cancer cells and the mitotic

index(134).

1.5.1.Basement Membranean Endometrial Cancer

With the carcinogenesis press, the organised epithelial stromal cellular architecture is lost

in the endometriu2). Altered BM composition and assembly may influence endometrial
carcinoma cell growth and invasi@nd metastagj$35). When analysingBM integrity in
accordance with the tissue grade, it has been shown that well differentiated endometrial
carcinomas appear to have a preserved irBdttin most areas of the tumour, whereas a
progressive dck of these structures seems to parallel an increasing degree of tumour
dedifferentiatiot135). This disruption or absence may reflect increased degradation or
decreased production and depositionBd material bythe tumour cellel35). Since this
alteration of theBM is a hallmark of carcinogenesis, for comparison with BiM of the

normal and regulated endometrial regeneration and in the benign metastatic disease of

endometiosis we examined thBM integrity in endometrial cancer.
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1.5.2 Stem Cell Activity in Endometrial Cancer

A small number of cells within the tumours has@enshown to have stem cell properties that
contribute to its growth and metases and they areeferred to as cancer stem cells
(CSCs)51). CSGs have been identified in acute myeloid leukaemia, breast cancer,
glioblastoma and prostate cand&6). CSCs differ fromASCsin that they are no longer
controlled by their stem cell nicft€l). Thus, there is no regulation on proliferative actiwuty

turn producing cells comprising the bulk of the tumdRecently, Hubbard et al demonstrated

a role for CSCs inr@lometrial cancéB). This comprehensive study showed that in all 34
samples endometrial cancerous tissue, a small population of clonogenic tumour cells were
identified and were able to be serially cloned. Thisdates thatendometriattumour cells

have a self renewal capacity and this property was shown to increase with increasing tumour
grade. Additionally a side population have also been identified in endometrial cancer, also

indicatinga small population ofedls similar toASCK137).
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1.67 Summary and ProjectHypotheses

The pathophysiology of endometriosis is an area of ongoing debate. It has been suggested
that eutopic endometrium from women with endomstadchave altered cellular activities,
contributing to the pathogenesis. Many theories have been proposed to establish the cause of
endometriosis, two of which include altereshdometrial ECM proteirs and altered

endometrial stem cell activity in the eutogndometrium.

Thereforethis project will test the following hypotheses:

1. Is endometrial basement membrane (BM) integrity altered in women with
endometriosis?
In normal fertile women, rdometrialbasement membran(®M) has been shown to
havea menstral cycle dependent production in order to help prepare endometrial
receptivity to implantationBM has shown to be disrupted in the metastatocess of
endometrial cancer and has been postulated to be altered in the benign metastatic
disease of endometsis. Thuswe aim to explorén detailwhetherBM is disrupted in
eutopic endometrium collected from women with endometriosis, by assessing the
expression oéndometriakcollagen 1V and lamina across the menstrual cylcl@rder
to gain comparative ress| we will alsoto assess the expression lbdéth BM
componentgndometrium collected from fertileontrolwomen

2. Is BM disrupted in the pathogenesis of endometrial cancer?
Additionally we will explore the expression BM components in endometrial cance
tissue samples to confirm that thaye aberrantly expressed in thiglignant disorder
In order to gain comparative results we will also test BM components in endometrium

collected from PM women.
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3. What are the expression levels and patterns of stemltenarkers CK5/6, PODXL
and SSEA1 in the endometrium d normal fertile controls?

It has been postulated that endometrial stem/progenitor cells contributes to the highly
regenerative ability seen in the endometrium. However markers for endometrial
stem/pr@enitor cells are lacking. By using known stem cell markers for -extgane
tissues; PODXL, CK5/6 and SSEA1, we will assess whether these are expressed in the
normal cycling endometrium and how expression changes along the course of the
menstrual cycle.

4. Do these stem cell markes (PODXL, CK5/6 and SSEAL)display a different
pattern and level of expression in endometrium collected from women with
endometriosis?

Recent characterisation of possible endometrial stem/progenitor cells has provided
new insightsinto endometrial pathologies. Altered endometrial stem/progenitor cells
are thought to play a role in pathogenesis of endometriosis. By using the above stem
cell markers, we will also test whether they are aberrantly expressed across the
menstrual cyclein eutopic endometrium collected from women with endometriosis

5. Do endometrial cancer cells display stem cell markers PODXL, CK5/6 and
SSEA1 and how?

Endometrial cancerous cells have shown to possess stem cell prop@ytiagain
using the abovepanel ofknown stem cellmarkers, we will investigate if they are
expressed by endometrial cancer cells.

6. Is BM integrity correlated with the stem cell markers investigated?

Basal lamina components are also important for the structure and function of stem cell
niches. We will investigate for any potential relationships between basal lamina
integrity withthe expression aéndometrial stem/progenitor cell markerghe fertile

control, PM and endometriosis groups.
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Chapter Two:

METHODS & MATERIALS

2. 1- Ethical approval

Ethical approval for the project, including collecting human endometrial samples was
obtained from Liverpool (Adult) Research Ethics Committee. All samples included were
coll ected from patients attendi ngeibformedr po ol
written consent. The benign endometrial samples of women in the reproductive age (both
fertile control and endometriosis patients) were collected under the ethical approval
09/H1005/55 and 04/Q1505/112Zhe post menopausal samples and endorhetaacer

samples were collected under the ethical approval 11/H1005/4. (For letters of approval from
LREC, see appendix 2). A comprehensive literature review (using pubmed, ovid, etc) was

performed initially to confirm the originality of the work includedthis study.
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2.2 - Study Groups

Endometrial biopsies were taken from four different groups of patients. All participants
only included in the study if they met the inclusion criteria. The exclusion criteria for the
study were women takingny form of hormonal treatment in the preceding three moiiths,
they werebreast feeding or pregnant.
2.2.1 Fertile Control Group
30 endometrial biopsies were obtained from normal fertile women in 3 different time points
in themenstruakycle the ProlP(n=10), MSP (n=10)and LSP (n=10).
Inclusion criteria:

U Normal ovulating women

U Women undergoing surgical procedures for benign conditions e.g. laparoscopic

sterilisation

Exclusion Criteria:

U Any history of abnormal vaginal bleeding

U Women currently breast feewdj or pregnant

U History of infertility orrecurrent pregnancy loss

U History of endometriosis
2.2.2 Endometriosis Group
30 eutopic endometrial biopsies were obtained from patients with active, peritoneal
endometriosis diagnosed concurrently at the timsaohplingthe endometim, during the
ProlP (n=11), MSP (n=11) and LSP (n=8).
Inclusion criteria:

U Womenwith regular menstrual cycles

U Surgically diagnoseactive peritoneal endometriosis at the time of biopsy taking

U Dysmenorrhoea and/or chronic pelvic pain.
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2.2.3 Endometrial Cancer Group
Endometrial amples were also collected from patiemtsh endometml cancer. Biopsies
were obtained from patients with FIGO grade | (n=5), grade Il (n=5) and grade Ill (n=3)
endometrioicadenocarcinoma.
Inclusion criteria:
U Patientsundergoing surgical treatmentth a histological diagnosis of endometrioid
adenocarcinoma
2.2.4 PostMenopausal Group
All patients with endometrial cancer who participated in this study werenpeisbpausal. In
order to have a comparative group for these poshopausal women with endometrial
cancer, endometrial biopsies were also taken from-mpestopausal women (n=5) who were
undergoing hysterectomy for n@mdometrial pathology related conditions such as uterine
prolapse.
Inclusion criteria:
U Patients undergog a hysterectomy for benignonendometrial pathology related
causes, e.g. utenaginal prolapse
Exclusion criteria:
U History of endometrial pathology
U History of post menopausal vaginal bleeding

U On hormone replacement therapy

2.3 - Participant Identifica tion and Enrolment

Suitable patients for the study were highlighted by checking through theatre lists and
revi ewing patient so not es. -dpgratieedinc] argly out
gynaecology ward staff were given appropriate patient informdéafhets to pass onto the

selected patients as soon as they attended the hospital after being listed for their planned

surgery. This allowed patients to read about the background of the study and what it entailed,
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before verbal information was given fromsearchers. Only Good Clinical Practice (GCP)
trained personnel who werkllly aware of the ethical principals involved in informed
consent, were allowed to consent and recruit patients for the #ttdy.verbal consent was
given, written consent was al®btained from all pa¢nts considered for the study. Patient
demographical information including age, weight, height, body mass index (BMI), last
menstrual period, cycle regularity, parity and past medical history was obtained from each
participant. In the endometriosis group, the disease stage was notified at the time of
diagnostic laparoscopy for each patient and was also recd@@dedappendix 3 for sample of

patient information leaflets, consent forms and patient demographic data form.

2.4 - Collecting the biopsy

Trained professionalobtained endometrial biopsies in a safe and sterile manner from all
patients whowere consented to take part inethstudy. Samples were collectadter the
planned surgical proceduyréhis ensured that no added discorhfor inconvenience was
brought upon the patients. Two typesensfdometrialsamples were collected for the study;

full thicknessand pipellesamples.

2.4.1.Full thickness samples

For women whaundewenta hysterectomya full thicknes sample wasakenimmediately

after the uterus waseemovedillustrated in figure 2.1In order to obtain this biopsy, the
removed uterus was first placed on its anterior side surgical trolley.Using a carbon steel
surgical blade (size 22, Swaihorton, Sheffield, UK), amedian incision was made on the
posterior side of the uterus(a), from the uterine fundus down into the cervical canal exposing
the endometrial cavity. A 25mm lateral incision was then made within the endometrial cavity,
dissecting 10mm into the wall of éhuterus(b). The piece of uterine tissue made more
accessible was held with a pair bonney tissudorceps(Phoenix Surgical Instruments Ltd,

UK), whilst another median incision was made into the myometrium to free the tissue(c).
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This ensured that endatnium, endemyometrial junction and additionally myometrial layers

were all obtained in the biopsy.
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Figure 2.1. Procedure for taking a full thickness endometrial sample.

2.4.3. Endometrial Pipelle Samples

For women who dichot undego a hysteectomy and for all participants in the endometrial
cancer subject group, endometrial samples wbtainedusinga pipelleendometrial sampler

at the start of the operatiom theatre, the patient was first placed in the lithotomy position
and the exterrlagenitalia, vagina and anus were washed thoroughly using sterile aqueous
solution containingchlorhexidine gluconate 0.05%&terets Unisept, Medlock Medical Ltd,
UK). Insertion of a Sims speculum into the vagina exposed the cervix, and a paiales
Vulsellum uerineforceps(Phoenix Surgical Instruments Ltd, UM)as used to grip onto the

anterior lip of the cervixandbring it down into the vagina. Apipelle, figure 2.2,was then
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passed through the cervical canal, into the uterine cavity until theisuwes reached. The
length of the uterus and cervical canal was measured using the ruler on the pipelle. The
plunger was then pulled back to create a suction effect and draw endometrial tissue into the
pipelle. By slowly withdrawing the pipelle out of thuerine cavity, whilst being rotated from

side to side, enabled as much of the endometrial tissue to be sampled.

Figure 2.2: EndometriaPipelle Sampler

oy

2.5- Processing the Biopsy

To prevent tissues from drying out and necrotic degradatibneralometial biopsies
collectedwere immediately immersed into a universal tube containing 10% neutral buffered
formalin (NBF). This is a special fixative fluidhat prevents autolysis, stabilises the
microanatomy of the tissue and inhibits the growth of bactargh moulds that give rise to
putrefactive change Fixation is tke first step of tissue processing, in orderpt@serve the
tissuecells as they naturally occulhe size dimensions of the full thickness and pipelle
samples obtained in theatre is adequatellow enough penetration of NBF through the
tissue. All endometrial samples were left in NBlfetween24 hoursand 5 days to give

optimal fixation results.

In order to make the cutting of the sections easier, tissue fixation medium was replaced with

wax. This was done by placing samples in a processing machine (Shandon Citadel 1000,
Cheshire, UK). This machine took tissue biopsies through a series of incubations in
increasing alcohol concentrations to 100% and then xylene and hot paraffimepwkcing

the water contenwithin the tissueSee appendi x 4A fATissue Proce
Samples were theembedded irparafinwa x bl oc k s, see appendi x 4]

Bi opsi eso
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2.6 - Preparation of the Slides

Processed tissues weaten embedderh paraffin blocks, with an orientation that was able to

givethe best representation its morphology when sliced inections. Paraffin blocks were

cut with 35 ¢ m t h iussnig Miersnsrotary microtome (Microm Ltds, Thame, UK) and

were carefully floded onto a prevar med wat er bat h, see append
Sectionso. The best sect i omdo amieaprepyl sriethogyc t e d ¢
saline(APES)coatedmicroscopeslides see appendi x 4D n.SRE&S Coat

were leftpositioned in an upright position overnight to help drain off the water.

2.7 - Dating the Endometrial Biopsy

Dating endometrial biopsies was achieved by ensulemgistency across a set of parameters,
including date of last menstrual period (LMP) in cert with regular cycles, histological

dating

To histologically date samples, haematoxylin and eosin (H&E) staining procedure was used

for nuclear and cytoplasmic staining, respectively. For H&E staining of paraffin sections,

slides were deparaffinisedehlydrated and then counterstained with haematoxylin. When
reacted with tissue, haematoxylin is oxidised to haemastaining cellular nuclei blue.

Staining was differentiated by rapidly immersing slides in acid alcohol. This process of
differentiation wa arrested by returning slides to water, whereupon the haerhad taken

on a blue hue. During tissue dehydration in alcohol, sections were stainedeosith

yellowish getrabromoflwrescein, disodium salto obtain full cellular detail, followed by

was hes in water to remove any excess eosin. S

sampl esd for more details.

All H&E stained sections were assessed for tissue integrity and endometrial dating was
carried out by a trained consultant gynaecologisgyAaecologial pathologist was able to

provide a second independent dating assessment for all samples obtained following a
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hysterectomy. For all samples dated by both consultant gynaecologist and gynaecologic
pathologist, there were no discrepancies betwte two independent dating assessments.
Endometrial samples were dated as per the classic paper by Noyes et al in the very first issue

of Fertility and Sterility in 1950 (previously discussed in chapter one).

2.8 - Immunohistochemistry (IHC)

IHC involves the application of antibodies to tissue sections to bind to specific antigens on
tissue proteins, thus making it possible to visualise the distribution and localisation of specific
cellular components within the tissue. The IHC reagent kit used fostinily was supplied

by Vector ITmPRESSSee appendi x 4F Al mmunohistochemis
used. Before the IHC method is discussed, it is important to have a good understanding of the

pivotal reagent in IHC: the antibody.

Antibodies belongd a group of proteins called immunoglobulins (Ig) comprising of five
major classes: immunoglobulin G (IgG), IgA, IgM, IgD and IgE. These are present in the
blood of immunised animals that remains in the serum, also known as the antiserum, after the
removalof cells and fibrin. In this study, both polyclonal and monoclonal antibodies were
utilised. Polyclonal antibodies are a heterogenous mixture of antibodies, with slightly

different specificities and affinities, directed against various epitopes of the region as

shown in figure 2.3. )L

T Antigen

,ﬂmtlbr:)d\,.r
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Figure 2.3. Polyclonal antibody binding to various epitopes of the protein.
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Polyclonal antibodies are mainly raised in rabbits due to the ease in maintenance of the
animal and relative rarity of human antibodies tbhia proteins. In contrast monoclonal
antibodies are a homogenous population of Ig directed against a single epitope that are most

commonly raised in mice as shown in figure 2.4.

Antibody

&
T

Figure 2.4: Monoclonal antibody binding to a single type of epitope.

When comparing both types of antibodies together, there are advantages and disadvantages to
both types. As polyclonal antibodies can recognise multiple epitopes on a single molecule,
they are not as subject to the damaging effects of sample processing rasra@onal
antibodies. However, the presence of antibodies to multiple epitopes can increase the chance

of cross reactivity with other proteins.

2.9- Vector ImmPRESS IHC Methodology

2.9.1Dewaxing

In order for aqueous antibody solution to properly aeherand penetrate tissue, paraffin

wax must be completely removed off the tissu
overnight at 37eC to soften the wax and rem
slide which would contribute to thea#®n lifting off the slide. Next, the wax was then taken

off the slide by immersing slides in xylene, 100% alcohol and then diminishing
concentrations of alcohol until the final bu

paraffin sections forstani ngo f or mor e detail s.
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2.9.2 Antigen retrieval

NBF fixation preserves tissue morphology through the formation of -tirdssg bonds

between tissue proteinslowever, this stabilisation can alsmdify theant i gends epi t
and itselectrostatic chargeshibiting the epitope to react with the paratope of the antibody
Subsequentlythis can giveweak or false negative staining for IHC detection of certain
proteins.This can be corrected by restoring the epitope using various methods of antigen
retrievd, see appendi x 3 HA sériandf prgirimary Bxpdrimants wexd 0
conducted to validate the antibodies used in this stuefer(to chapter 3andto explore

which antigen retrieval method would best suit each individual antibody.

Heat indued epitope retrieval (HIER) and proteolytic induced epitope retrieval (PIER) are

two main methods aimed to restore the affinity andlity of the immune reaction.

The use of heat in HIER methods causes efossn k ed pr ot ein epitopes
buffer solutions aid in maintaining the conformation of the unfolded protein. Citrate based
buffer (pH6) was required for the use of PODXL antibody. On the other handEDflis

buffer (pH9) is very useful for low affinity antibodies or when tissue antigemsairintense,

and was used for COLIV, CK5/6 and SSEA1. For HIER methods, slides were imriressed
aluminium pressure cooker and were heated & 0 gt @Il pressure for approximately one

minute.

Proteinase K (Qiagen, Qiagen house, Fleming Way, Crawhst Sussex, RH10 9NQ) was
used for PIER to prepare sections for laminin staining. This enzyme, isolated from
saprophytic fungudritirachium album possesses a high specific activity that particularly
unmasks antigens of proteins found in the basaldamAll tissue sections used for laminin
staining were incubated in proteinase K at a concentration of 1:25 at room temperature, for
approximately 5 minutes. Following all antigen retrieval methods, all slides were incubated in
TBS for 5 minutes at room ngperature.
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2.9.3Blocking endogenous peroxidise activity

Sometimes tissues contain endogenous enzymes that are similar in specificity to the enzymes
used in IHC detection system producing false positive signals. In particular, horseradish
peroxidase (HPRand alkaline phosphatase are the most common enzymes, found in a
variety of tissues, known to generate such signals. Alkaline phosphatase is used as part of the
avidin-biotin staining methods to localise antigens in tissue sections. However as the Vector
IMMPRESS reagent kit is based on an HRP labelled polymer, any non specific staining
resulting from endogenous avidbmotin activity was eliminated. Like with any enzyme,
enzymic activity is inhibited when there is excess substrate. Thus, slides wedvat&ttin
hydrogen peroxide solution for 10 minutes, as this excess substrate quenched the activity of

endogenous peroxidase found in tissues.

2.9.4Two step staining technique

Vector ImmPRESS IHC protocol particularly follows a two step staining tecknitjoe first
involves the application of the primary antibody to the tissue sections to bind with its

corresponding antigen (figure 2.5).

_~ Antibody

Aﬁ < Antigen

Figure 2.5. Step one of staining procedure: application of primary antibody.
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The primary antibodiessed ad their incubation requirements are shown in the table below.

Refer to appendix 5 for manufacturer antibody data sheets.

Table 2.1- Details of antibodies used in this study with incubation requirements.

Antibody Clone Supplier | Concentration Duration | Temperature
Polyclonal rabbit anti | n/a Dako 1:4000 Overnight| 4 e C
human laminin

Monoclonal mouse Clv 22 Dako 1:100 Overnight| 4 e C
anti-human collagen IV

Monoclonal mouse D5/16B4 | Millipore | 1:350 Overnight| 4 e C
ant-human cytokeratin

5/6

Monoclonal mouse 222328 R&D 1:100 1 hour Room temp.
ani-human PCLP1

Monoclonal mouse MC-480 | Biolegend| 1:800 Overnight| 4 e C
ant-human SSEA1

When using long overnight incubation periods, antibodies were incubated at low temperature
of 4eC t o -sminirgy snoet aigen \amrtibody reactions reach equilibrium more
quickly at higher temperatures. Prior to application of laminin antibody, sections were

incubated in hoarse serum to prevent non specific staining.

After incubations with the primary antibody, the secong sié staining technique is the

application of the appropriate HRE&belled polymer onto each section (figure 2.6).

HRP labelled

polymer \ //
A

_~ Antibody

&

V4
A <« Antigen

Figure 2.6. Step two of staining technique: Application of HRPBelled polymer.



HRP contains hematin which forms a complex with hydrogeroxide (HO,) causing it to
decompose. The formation of this enzysubstrate complex is dependent on the presence of
an O6electron donoré to provide theO.dr3 v3dg
diaminobenzidinetrahydrochloride (DAB) & strong electron donor, and was applied to
tissue sections to develop the enzysabstrate reaction. The addition of DAB produced a
brown precipitation which is highly insoluble in alcohol and other solvents. As DAB is
classified as a potential carcinogenwas handled and disposed of with appropriate care.
Reaction was immediately arrested by immersing slides in water. Between incubations of
primary antibody and HRRibelled polymer and between HRabelled polymer and DAB
development, all slides werendubated in two washes of TBS for 5 minutes at room
temperature. Slides were counterstained with Giltg@matoxylinand were then dehydrated

in increasing concentrations of alcohol and then xylene.

2.10- Controls

In order to test the IHC protocol useéwd the study, and the specificity of the primary
antibodies, special controls were used. In this study, a negative control was used for each IHC
staining procedure to assess the specificity of the primary antibodies used. The best form of
negative contrgl for monoclonal antibodies, is to use the same isotope of the primary
antibody in the same immunoglobulin concentration which exhibits no specific reactivity
with the given tissue tested. For polyclonal antibodies, negative controls should be a dilution
of 1gG fractions or whole serum from the same animal source. Although ideal, these types of
negative controls were not available for each antibody used in the study. Therefore a less
optimal negative control was used that contained a mixture of antib@giessenting most
relevant IgG subtypes depending on what animal the antibody was raised in. This was

applied onto sequential sections of a few samples tested in each IHC staining batch.
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Whilst validating each antibody, in order to assess whether the appsbpriate antigen
retrieval method and incubation requirements were used correctly, positive tissue controls
were used. Positive control tissues are specific samples that the antibody is known to stain
positively. After antibody validation tests, andemetrial sample that was positively stained

in the initial staining run was used in each successive IHC runs. This internal positive control
was used to assess for any variations in staining between batches of stained sections, which

could be due to facte that introduce variations in IHC method.

2.11- Image Analysis

2.11.1Collagen IV and Laminin
Laminin and COLIV both stainedN8 supporting glandular and luminal epithelium and also

around vascular endothelium, see figure 2.7.

b

localisation inBM supporting glandular epithelium (GE) and vascular endothelium (VE)
(a,b) and luminal epithelium (LE)(c,d).
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To asses8M staining for both proteins, the runal epithelium and 10 functional layer

glands were photographed at X40 magnificatibanctional layer glands were identified as

the glands being closest to the luminal epithel(ge®e figure 2.11)

Using a computer assisted image analyBib] thicknessin each photograph was first
measured in two places around each gland, and in two spkwggporting the luminal
epithelium, see appendix 6 Al mage Analysiso

in line with the direction of the cellular polaritg &hown in figure 2.8.
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Figure 2.8. MeasuringBM thickness using a computer assisted image analysis (Image J).

The clarity of staine®M is mostly not uniform around the whole gland as in some areas the
basal | ami na appear e dorsGhataafteyt dhe soliddrity ara clarity of ma ny
the BM seen including the angle at which sections are cut, the tortuous spiralling of glands,
especially in the late secretory phase and the integrity of the tissue. Therefore, as only two

points of theBM around each gland and luminal epithelium were needed, points were chosen
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whereBM appeared more clearly defined. Only glands in the functionalis were assessed as
BM supporting glands in the basalis was more difficult due to the surrounding densely
immuneposiive stroma for both COLIV and laminin. Staining intensityBW supporting
glands, luminal epithelium and vessels were scored in each photograph using-a semi
guantitatively scoring system, scoring betweed, Gee appendix 7A & 7B. Due to areas of
dense sbmal staining in the basalis layd8M around glands are obscure therefore only
glands in the functionalis layer of the endometrium were assessd8Mothickness and
staining intensity for both COLIV and laminin.

2.11.2 PODXL

PODXL mainly stained glagular secretions and the luminal surface of vessglshown in

In each tissue section, X&ndomly locatedjlands from both basalis and functionalis layers,

were photographed using x40 magnificatioA. semiquantitativemo di f i ed o6 qui ck
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method, originally used b$cheissl et al, was utilised to analyse the expression of PODXL in
glandular secretioif$38). This methodtakes into account the staining intensity for each
immunepositive gland, scoring between30(0: negative, 1. weak, 2: moderate, and 3:

strong, see appendix 7C) and the percentage of the luminal surface of the gland lined with
PODXL staining5Q0®025%; 50075%: 3, 750 100¢
percentage scores were then multiplied to give a range of possible score42of 0
Additionally, staining intensity of immunpositive PODXL in vessels was also analysed

using a semguantitative scorig system again scoring betweet8 {0: negative, 0.5: very

weak, 1: weak, 1.5: weakoderate, 2. moderate, 2.5: strong, and 3: very strong).

2.11.3 CK5/6

Overall Ck5/6 is a cytoplasmic marker staining the luminal epithelium consistently and

o N
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Figure 2.10. Endometrial micrograph showing staining pattern of cytokeratin 5/6 in glands
and an insert micrograph showing staining in the luminal epithelium.
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To score the quency of glandular staining, a low power photograph was randomly taken at
x10 magnification. The number of glands seen in the micrograph was counted along with the
number of positive glands seen. The proportion of positive glands within the sectiomewas t
calculated. A high power photograph, X40 magnification, of the luminal epithelium was also
taken to semguantitatively score the staining intensity, scoring betwe8&n(€ee appendix

7D).

2.11.4 SSEA

SSEA1 stained the surface of glandular and lumamthelial cells. After reviewing all
control tissue sections stained with SSEAL it was revealed that there was a big variation in
the frequency, proportion of cellular staining and staining intensity between glands in the
functionalis and basalis layets the endometriumTo explore this further 10 glands were
assessed in both functionalis and basalis layers of thametrium. Functionalis glands were
located as glands being closest to the luminal epithelRasalis layer glands were located as

glandsclosest to the endmyometrial junction as shown in figure 2.11.

= :f : Jgian

7~ * ¥

Figure 2.11. Micrograph demonstrating the SSEA1 localisation iandgular and luminal
epithelium and also how functional and basalis glands were located.
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These glands we assessed f@a) positivity of immunédocalisation of SSEA1L in glandular
cells, (b) staining intensity using a sequantitative scoring system, scoring betweeh @ee
appendix 7E) and (c) proportion of glandular cellular staining, scoring betw8e(®:0no
cellular staining, 1: <50% of glandular staining, 2: >50% of glandular staining, 3: 100% of
glandular staining) A combined score was then given by multiplying factors a, b and ¢
together.Additionally staining intensity of immunpositive cells inthe luminal epithelium

was also assessed using the same-geantitative scoring.

2.11.51 Analysis of PM endometrial samples

As discussed before rhapter 1.1.3PM endometrium is thin with flat luminal and glandular
epithelium with stromaesemhing the basalis stroma of cycling woméNhilst analysing the

PM samples stained with COLIV and laminin it was interesting &othat there was very

little stromalstainingacross the width ofhe endometrium. This was in stark contrast with
cycling endometrim since the basalis layer contained strong stromal staining, see figure
2.12, rendering analysis of BM supporting glandular epithelium in the basalis. Therefore,
taking this into consideration, glands across the width of the PM endometrium could be
analysel. However, for the purpose of being consistent, whilst analysing COLIV and laminin

staining, only glands closest to the luminal epithelium were assessed.
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Figure 2.12. Laminin stromal staining in cycling and PM endometrium.Figure shows a
compaison of stromal staining for ar@aminin between (a) PM endometrium and (b) Basalis
layer of cycling endometrium.
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As previously discussed SSEAl staining analysis was divided into the basalis and
functionalis layers of the endometrium. However as Ploemetrium is very thin it is very

difficult to define whether there are two layers of the endometrium, let alone discuss where
the dividing lire would be.Due to functional inactivity, PM endometrium is expected to
resemble the basalis layer of endometriuah fertile controls, where the cells with
regenerative capacity are thought to reside. We therefore considered that all glands assessed
in PM endometrium were Obasal 6 gl ands.

For PODXL and CK5/6 analysis, random glands will be analysed in PM endomeitnitime,

same manner as cycling endometrium.

2.12 - Statistical Analysis

The results obtained for this study was analysed using SPSS for window version 16. As the
results were unlikely to be normally distributed Fmarametric tests were used to analyze the

results, such as Krusk®allis (KW) and ManrAWhitney (MW) tests. After a positive

(p<0.05) KW test, a MW post hoc test was performed to see where the differendegdie.

way analysis of variance (ANOVA), including interactions were used to explore for
differences seen between the subject groups. Values of P<0.05 were considered significant.
Additionally, Pear sonos correlation t est W

relationships between the expressioBd components and stem cell markers.
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Chapter Three:

OPTIMISATION OF EXPERIMENT
CONDITIONS

In IHC, methods of antigen retrieval and antibody dilutions as well as incubation time and

temperature are tightly interwoven in their effect on staining quality. To ensure all antibodies
were useat optimal conditions, a number of preliminary experiments were conducted to test

each of these factors.

3.1 Optimisation of Laminin Antibody

Thetype of antilaminin used, supplied bydko, is a paflaminin antibody reacting with all

subtypes of lamimi. Initially anti-laminin was trialled at a concentration of 1:50, on tissues

pret reated with HIER wusing <citric acid buffe
Tonsil tissue was used as a known positive control. The staining appeared very stréng in al
samples tested and the basal lamina could not be accurately recognised illustrated in figure

3.1.

Figure 3.1: Micrograph showing expression of laminin, with antibody used at 1:50, O/N

Consequently, further dilutions of laminin antibody were testesing concentrations of
1:100, 1:200 and 1:400 (see figure 3.2). Dilutions of the primary antibody, with incubations

over long durations allowed for greater economy. Nonetheless, even at the most dilute
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concentration, laminin staining still appeared strang non specific with ill define8M in
all specimens tested. It was noted that the negative control also stained positively indicating

either a lack of specificity of the antibody or ngpecific background staining.

Figure 3.2 Micrographs showing expression of laminin in samples stained with antibody
diluted at 1:100, 1:200 and 1:400 and IgG rabbit negative control.

After reviewing the available literature on the use of laminin antibody clhose the most
popular method for antigen retrievadroteolytic digestion. Therefore, tissue sections were
incubated with proteinase K at a concentration of 1:10 for 5 minutes at room temperature.
Additionally, horse serum was applied to all section®tgethe antibody was applied. Horse

serum contains antibodies that have been raised against rabbit proteins, thus acts as a protein
blocker to minimise nosspecific staining. This protein blocker achieves this by competing

for the nonspecific protein biding sites on the specimen.

Laminin antibody was then tested at 1:500, 1:1000, 1:2000 and 1:4000 for overnight

incubation at 4eC (figure 3.3). Al l section
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revealed laminin at a concentration of 1:4000,etbgr with preproteolytic digestion and

horse serum blocking provided very specific and distinct staining.

Specimen 2

1:500laminin dilution

1:1000laminin dilution

1:2000laminin dilution
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1:4000laminin dilution

IgG Rabbit
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Figure 3.3: Micrographs showing laminin expression in two specimens with antibody
concentration used at 1:500, 1:1000, 1:2000 and 1:4000 with their negative controls.

Taking into consideration the fragility brought upon the tissues due to theousg nature of
the enzyme préreatment, proteinase K trialled at more dilute concentrations. As staining

aroundBM was less strong at 1:50, it was decided that 1:25 was an acceptable concentration

(see figure 3.4).
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3. 2 Optimisation of Collagen IV Antibody

COLIV antibody was initiallytrailed at a concentration of 1:100 on tissues-pesated with

HIER using citric acid buffer soldin, f or overni ght i ncubation a
used as known positive controls for these preliminary experiments. In all specimens tested,

BM supporting glandular epithelium appeared very faint, whereas strong inmeaicteity

was occasionafl seen in BM supporting vascular endothelium. Thereafter, antibody
concentrations at 1:50, 1:100 and 1: 200 were
also for 1 hour at room temperature. As staining appeared very faint in samples stained
during both incubation periods, new antigen retrieval methods were explored. A thorough
literature review was conducted to investigate how this antibody was used in previous IHC
studies. Nonetheless, there was no general consensus on how the antibody was gmdpared

what treatment conditions were required. Therefore, two additional methods of antigen
retrieval were investigated in the same experiment; HIER Tris EDTA and PIER proteinase K.
COLIV was tested at the three concentrations previously tested, for oveimigbation at

4e¢eC. After a comprehensive analysis of all S

using TRIS EDTA for antigen retrieval produced the best staining results (see figure 3.5).
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Figure 3.5: raphs demonstrating differential COLIV expression when

using different antigen retrieval methods and different concentrations of COLIV

3.3 Optimisation of PODXL Antibody

The supplier of PODXL antibody used in this study recommended a dilution between 1:8 and
1:25. Initially, 1:25 concentration of PODXL was tested, with an incubation period of 1
hour at room temperature, on endometrial sectiongrpated withHIET using standard

citric acid. In stained sections very strong staining was seen in glandular secretions, vessels

and stroma with some evidence of background staining. Therefore further dilutions were
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trialled, including 1:25, 1:50, 1:100 and 1:200 cemictations with an incubation period of 1
hour at room temperature, see figure 3.6. Endometrial tissue sections used in this titration

were pretreated with citric acid using a HIER method.

N ‘. TR 7 7% F
A . % - / =
‘t\'\:\ 3 %
% .‘\__\‘y :” = 3 o]
i {: o i 8 P <
X {x} 5 VA 7 - e ¥ i
7o) &7‘ % o o)
— 5 | AR 2
1 % SON |4 . ' S
>< ) N o A h & 1 >< §9a % VQ' i3
Qa R (@) g } 3
O o ! O { »
o & ‘F’ ~ § % [a lﬁ" X
\.Mg ES £ ~
o )
o G
A S N : o

i 7 4
o Ser 5 o
o ; 7 o
— % & —
< <
fa by # B 0 » a
o & o . | O
o j g A o

Figuré 3.6? :E.ndometrial micrograph.s to demonétréfe Variatioﬁ in isté-ti}ningn intensify of
PODXL at 1:25, 1:50, 1:100 and 1:200 concentrations.

PODXL antibody dilutions used at 1:25, 1:50 and 1:100 produced very similar staining
intensities on tissue sectiartdowever, a marked reduction in the staining intensity was seen

at 1:200. Resultantly, it was concluded that 1:100 was the best economical concentration as it
produced the same results with the recommended concentration from the manufacturer and is

more dlute.
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3.4 Optimisation of SSEA1 Antibody

SSEAL antibody obtained from R&D systems was also tested using a number of antigen
retrieval methods and antibody dilutions. Initially a 1:25 dilution was used on a number of
tissue sections that were pteeaed with either HIER methods (TRIS EDTA and citric acid)

or proteolytic digestion using proteinase K. SSEA1 antibody was incubated on all tissue
sections overnight at 4°C. As SSEA1 antibody has previously been reported to be expressed

in the liver, sectios of liver tissue samples were used a positive controls.

Proteinase K 7 Citric acid HIER TRIS EDTA HIER
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differential SSEA1 staining when

Figure 3.7: Endometrial 'micrographs to demonstrate
different antigenetrieval methods are used

From analysing the staining results shown in figure 3.7 it is clear that TRIS EDTA produced
the most clear and strongest SSEA1 staining in all three tissue specimens tested. Titration of
the antibody concentration was later penied using SSEA1 antibody purchased from

Biolegend. Equivalent concentration of Biolegend SSEAL antibody to R&D systems SSEA1

74



antibody was 1:200. Thus further dilutions of Biolegend SSEA1l antibody was tested

including 1:200, 1:400 and 1:800, figure 3.8.

Figure 3.8: Endometrial micrographs to show staining in luminal epithelium and strong and

1200 1400 [ 1800

weak staining in glandular epithelium at 1:200, 1:400 and 1:800 SSEA1 concentrations

After testing the new SSEAL antibody mipre dilute concentrations, results showed that
1:800 produced very similar results when compared to the most concentrated dilution tested.

In conclusion it was decided that 1:800 was used for the rest of the study.
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3.5 Optimisation of Cytokeratin 5/6

CK5/6 was tested at a recommended concentration of 1:350, under two different types of
HIER methods (citric acid and TRIS EDTA) and two different incubation conditions
(overnight at 4°C and for three hours at room temperature). After comprehensive asfalysis
all stained sections, it was confirmed that CK5/6 antibody optimally worked when tissue
sections are prgeated with HIER TRIS EDTA and when the antibody is applied for

overnight incubation at 4°C.
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Chapter Four:

RESULTS Fertile Control & PM
Endometrial Groups

4.17 Patient Demographics

Table 4.1:Demographic data of fertile and pesenopausal control subjects

Age(years) BMI Weight (kg) Height (m) Parity
Proliferative Phase
Median 40 27.2 73 1.64 2
Range| 37-40 23.1-:38.1| 63.7-100 1.591.69 1-7
Mid-Secretory Phase
Median 34 25.55 69.5 1.61 2-3
Range 27-44 21.7-30.4 57-83 1.521.72 14
LateSecretory Phase
Median 39 24.3 62 1.65 3
Range 27-45 21.1-41.5 53113 1.491.7 14
PostMenopausal Contris
Median 71 26.6 61 1.57 34
Range 55-77 24.1-31.2 56-76 1.451.59 2-5
Table 4.2:Demographic data of subjects in the endometriosis group
Disease
Age(years) BMI Weight (kg)| Height (m) | Parity | Stage
Proliferative Phase
Median 33 29.2 75 1.61 1 1-2
Rangel 21-49 20.337.5 52-110 1.531.72 0-3 1-3
Mid-Secretory Phase
Median 38 24.25 70.5 1.7 1 2-3
Range 21-47 20.532.9 58-95 1.631.83 0-2 14
LateSecretory Phase
Median 33 25 72 1.69 0.5 1-2
Range 1843 20-28.7 56-84 1.591.76 0-3 1-2
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Table 4.3:Demographic data of subjects in the endometrial cancer group

Age(years) BMI Weight (kg) Height (m) Parity
Grade |
Median 69.5 35.1 89.5 1.62 6
Range 63-83 23.7-45.2 60-115 1.591.64 n/a
Grade
Median 63 29.4 81 1.62 2-3
Range 50-67 27.937.9 69-90 1.541.67 2-4
Grade I
Median 69 29.05 123.5 1.68 4
Range 67-71 26.7-31.4 91-156 1.651.7 2-6

Comparing the demographic data between the subject groups revetded statistically
significant differences. Firstly, the PM group contained women who were significantly
shorter (MW test; p=0.05) and older (MW test; p<0.0001) than the fertile control group.
Additionally, women in the endometriosis group were significatdller (MW test; p=0.19)

and had a significantly lower number of live births than women in the control group (MW
test; p<0.0001). Lastly women in the endometrial cancer subject group were significantly
heavier (MW test; p<0.013) and taller (MW test; @338) than women in the PM group,
although no statistical significant difference was found between the two groups when
comparing BMI. No significant differences were found within the fertile and endometriosis
groups across the cycle. Demographic data vauesnissing for 10 recruited patients which

are currently being tracked.
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4.27 Expression of Basal Lamina Components in the Normal

Cycling and PM Endometrium

For all results collected from the fertile control and PM groups, please refer to app&ndix 8

to 8J.

EndometrialBM was visualised as narrow continuous bands supporting the luminal and

glandular epithelium and vascular endothelium. Immlowalisation of COLIV and laminin

in BM supporting endometrial samples were analysed for thickness anohgstatensities

and were evaluated according to the phase of the menstrual cycle.

Collagen IV

Table 4.4.COLIV staining results in the fertile control and pas¢nopausal gup.

GE BM LE BM
Thickness GE BM Thickness LE BM VE BM
0>Y0 Staining Int. 0>Y0 Staining Int. | staining int.
ProlP
Median 0.851 1.050 0.833 1.500 2.050
Range| 0.637-0.996/ 0.700-2.000| 0.705-1.125| 0.500-1.500| 1.450-2.550
MSP
Median 0.711 1 0.89 1 2.2
Rangel 0.437-0.861| 0.350-1.700| 0.000-1.345| 0.000-1.500| 0.250-2.750
LSP
Median 0.789 1.625 0.808 1.25 2.2
Range| 0.684-0.901| 0.950-2.050| 0.000-0.985| 0.000-2.000| 1.550-2.350
PM
Median 0.69 1.25 0.67 1 0.9
Range, 0.1323.553 0.1501.650| 0.0001.175 0.0001.500| 0.1001.150
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ProlP

MSP

LSP

PM

Figure 4.1. rRepre-séntétiv ‘imagéé h6wing CoLlv stéining in BM subporting the GE
(a,c,e,g) and LE (b,d,f,hin fertile control(ProlP,MSP,LSP) and PM endometrium.

COLIV in BM supporting endometrial glands showedl apparent difference thicknesses
across the cycle, with a trend towards aver8j# thickness being lower in the MSP.
However, this difference did not reach statistical significad& test; p=0.09. In contrast,
the staining intensitief COLIV in endometriaBM showed significant differences across
the cycle (refer figure 4.1). Firstly, COLIV staining intensitieBil underlyingglandular

epitheliumwasincreased in the LSP than in other phases of the menstrual (&dest;
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p=0.003 MW test; PolP p=0.004, MSP p=0.089Secondly, COLIV staining intensity in

BM supportinguminal epitheliumn the MSPwas significanthjower when compared to the

ProlP (KW test; p=0.032MW test; p=0.00%

COLIV staining in PM endometrium showed differences wbempared to the fertile control
group. Firstly, PM endometrium showed significantly lower COLIV staining intensiBNin
supporting thduminal epitheliumwhen compared to the ProlP (MW test; p=0.04). Secondly,
staining intensity iBM supporting thevasalar endotheliumwas significantly lower in the

PM group when compared with all phases of menstrual cycle studied (MW test; ProlP

p=0.001, MSP p=0.005 and LSP p=0.00@fer fig 4.2
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Figure 4.2 Box and whisker plots demonstratingaciges seen in COLIV staining intensity in
endometrial BM supporting epithelial layers. All asterisks show a statistically significant
result.a. COLIV staining intensity shown to be increased in BM supporting GE during the
LSP. No significant difference tmd between cycling endometrium and PM endometrium.
b. COLIV staining intensity supporting the LE is significantly decreased in the MSP and PM
endometrium when both are compared with the ProlP. C. COLIV staining intensity in BM
supporting VE in PM endomal samples is significantly decreased when compared to

C. Control: COLIV BM Vessel Staining Intensity

Staining Intensity

cycling endometrium.
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Table 4.5 Laminin staining results in the fertile control and posnopausal group.

GE BM GE BM LE BM LE BM Staining | VE BM
Thicknes® > Y'| Staining Int. | Thicknes) > Y| Int. staining int.
ProlP
Median 0.962 1.400 0.833 1.000 1.625
Range 0.5701.332| 0.4002.550 0.0001.140 0.0002.000 0.6502.200
MSP
Median 0.690 0.825 0.000 0.000 1.225
Range 0.0001.016| 0.0001.800 0.0001.005 0.0001.500 0.200-2.400
LSP
Median 0.912 1.475 0.810 0.500 1.600
Range 0.4911.244| 0.2503.500 0.0001.170 0.0002.000 0.5002.250
PM
Median 0.891 1.400 0.655 1.000 1.500
Range 0.1961.045| 0.2002.350 0.0001.060 0.0002.000 0.0502.200
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ProlP a. b.

MSP C. d.
LSP e. f.
PM g. h.

Figure 43. Representative images showing laminin staining in BM supporting the GE
(a,c,e,g) and LE (b,d,f,h) ifertile control(ProlP,MSP,LSP) and PM endometrium.

As seen for COLIV, immurndocated laminin inBM supportingthe glandular epithelium
showed a trend towards average! thicknesseing lower inthe MSP(KW test; p=0.046).

and this wasstatisticaly significart when compared with the ProlP (MW test; p=0.019) and
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