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Abstract

Investigating the mechanisms of aberrant blastocyst implantation in the fallopian tube

Introduction: Although tubal damage is an established risk factor for ectopic tubal pregnancy the
mechanism by which the endosalpinx becomes permissive to embryo implantation is poorly
understood. In the endometrium, decidualisation is a-pequisite for embryo implarttion and

would not be expected to occur in the fallopian tub&$e epithelium of the fallopian tube is
continuous with and shares a common embryological origin with the endometrium, however the
difference in function at a cellular and moleculevel is only now being elucidated with the use of
molecular markes. To become permissive to blastocyst implantation it is possible that damaged
fallopian tubes express an altered phenotype with respect to decidualisgtiatiferationand

steroid hormore responsiveness, compared to normal fallopian tubes; such comparisons have not
been studied to date

Aim: To investigate the cellular and molecular features in healthy and damaged fallopian tubes when
compared to healthy endometrium during the menstrugtie.

Methods: A systematic scoping review was carried out to determine the state of current knowledge
regarding decidualisation of the fallopian tubes. This involved a search of ten databases for studies
showing evidence of decidualisation in healthy aagnaged fallopian tubes using predetermined
criteria.

In an observational study of tissue from 17 healthy patients, markers of decidualisation in matched
fallopian tubes and endometrium in secretory or proliferative phases, were stained
immunohistochemiclly for markers of decidualisation (IGFBA-OXD3, prolactin and FOXO1A). In a
second study of 17 patients with damaged fallopian tubes and matched endometrial biopsies and 5
patients with normal fallopian tubes and matched endometrial biopsies, tissees stained using
immunohistochemistry for decidualisation markers FOXO1A, androgen receptors, the proliferation
marker Ki67 and the leukocyte markers CD45, CD56 and CD68. Immunostaining in both studies was
quantified using either a quickscore method orgentage positive method.

Main results The scoping review revealed only 25 studies eligible for inclusion. 8 studies showed
post-partum decidualisation of the fallopian; howeyeéecidua at the site of implantation in ectopic
pregnancies was rare, found in 4 of 12 relevant papers. Only 7 papers looked at cellular markers
associated with decidualisation of the fallopian tulieough these were natlassic markers of
decidualisation

The presence of prolactin and the decidual marker IGEFBRSs not as discriminatory between
secretory and proliferative phases in tfadlopian tubes Thepresence oFOXOA did not fluctuate
between the proliferative and secretory phafdlopian tubesFOXD3howed a decrease between

the proliferative to secretory phase tubes. FOXO1lAmarkedly increased in the secretory phase
endometrium, with a difference between the two phases reaching statistical significance (p=0.007).
Comparing dmaged and healthy fallopian tubes, the damaged tubes showed a lower expression of
FOXO1A and increased immune cell infiltratibine damaged fallopian tubes showed increased
percentage ofproliferative activitycompared to thehealthy control tubes as incated by Ki67
immunostainingThe presence of androgen receptors was decreased in the secretory hydrosalpinx
tubes.

ConclusionThe systematic review showed that there is little informatsumroundingthe

decidualisation of the fallopian tubes.

The findings indicate that damaged fallopian tubes express an altered phenotype and a different
immune cell flora to normal fallopian tubes. These factors could play a role in tubal ectopic
pregnancy. Larger stlies of the molecular and cell biology of normal and fallopian tubes in different
pathological conditions are needed to further explain the mechanisms of aberrant blastocyst
implantation.
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Chapter lintroduction

Ectopic pregnancy (EP) is the implantation of a conceptus outside the endometrium; ectopic
pregnancy may also be referred to as exsty and extrauterine pregnan€¥). EP currently occurs in
approximately 2% of all pregnancigy, of which 95 % implant in the fallopian tufieT) 3.2 % are

20 NRFY | YR M®P0s3: 4) EmNEs an assoiatell yhdrtality Bangidg fron3G0

deaths per 1®00 pregnancies and may be attributed to the socioeconomic standing of the country
(2); EP causes 75 % of maternal firgnester deaths and 9% of all pregnanreyated deathq3).
Maternal mortality occurring in EPrisostoften caused by infection or haemorrhage, especially in

the case of tubal rupturél, 4)

The management of EP falls into two main categories: medical and spejlealigh, in some
instances the pregnancy resolves spontaneo(stpectant management}, 5) Varma et alargue
that there is no current course of action that would alldefinite discrimination between an EP that
will spontaneously resolve and one that will continue to grow and, in the case of tubaEBP (
cause tubatupture(4). Guidance on the managemeot EP including advice on considering and
offering monitoringis available via the National Institute for Health and Care Excellence (NICE)
Guidancg6). Medical management consists of administration of methotrexate and is a suitable
treatment inapproximately onajuarter of TERcases that have not ruptured. However, where
medical management is unlikely to be successful, surgical management is necédésauiid take
the form of laparoscopy or laparotomy and salpingectdifiy is removed)r salpingostomy(FT is

preserved)2).

Fertility after an EP is affected in different ways depending on the cause of ERevievaof women
with EP, the cohonwith an intrauterine device (lUDdssociated EP, had no further EP during the
following 28 months and 87% conceived in the followi@gmonths. In the rest of the women with
EP who did not have an IUD in situ, the rate of conception was much lower at 44% and in 28% a
subsequent EP occurréd). A study by Baggiet al. suggested thatreatment of EP via surgery had
worst reproductive outcomes when comparealwomenwho received expectardr medical
managemernteven sothey concludedhat the reproductive outcomeould also be attributed to

the EP and not the treatmerfs). A systematic review by Cheng et al. argue that the instance of

a TERhe contralateal tube is healthythe prospect ofertility is similar between a salpingectomy

and salpingetomy (7).
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There are several risk factors associated with EP including: pelvic inflammatory disease (PID),
previous tubal surgery, smoking, assisted methods of conception suotviio fertilisation (IVF),

tubal pathologies such as salpingitis, endometriosis aedlipus use of diethylstiltestrol. Even so,

over half of diagnosed ectopic pregnancies have an unknown cause not associated with risk factors
(4). Interestingly, the use of an IUD itself does not increase the risk; shtEBr if a pregnang were

to occur while using such contraception, it would more likely be an EP as opposed to an intrauterine
pregnancy (UP)(4). However, the aetiology of EP remains unclear as do the mechanisms by which it
occurs(4).

In order to investigate the way by which EP occurs, the normal processes of reproduction in the

female genital tract must first be understood.

1.1Embryological origins of the female reproductive system

Organogenesis of the embryo biag around the 19 gestational day. The five main developmental
changes are (i) the formation of the neural tube and the brain; (ii) the growth of the primitive gonad
and the associated structures that derive from it, which include urogenital systenthéiii
development of the liver and the heart; (iv) the morphogenic development of the craniofacial
structures; (v) and lastly the growth of the musculoskeletal syg@nDuring the 8 to 24" week of
pregnancy, the Mullerian (paramesonephric) ducts give rise td-ththe uterus and the upper third
of the vagina; the ovaries develop from the primary go{@&d0). The FT derive from the cranial
portion of the Mullerian ducts, and the caudal portion develops into the uterovagiiralgodium
(Figure 1A)the uterus, cervix and vagina then develop from this (the inferiortiwals of the
vagina develop from the sirgaginal bulbsjFigure 1B)the myometrium is a derivative of the
mesoderm and, with the endometrium, forms subsequgnd the fusion of the paramesonephric
ducts(Figure 1)11).
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Figurel Development of Gonad frof@)Bi-Potential Gonad t¢B) Female Reproductive Tratite
primitive gonads gives rise to the ovaries, the Millerian ddet®lop into the fallopian tubes, the
uterus and the upper vagina; the paramesonephric and Wolffian ducts rggresge was recreated
basedon illustrations by Magowan et al. and Moncab#adrazo et al(12, 13)

1.2Female Reproductive System
The female reproductive system can be divided into the external genitalia and the internal genitalia.

The external genitalia are portrayed in Figure 2A. The internal genitalia includes, from caudal to
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cranial end, the vagina, péx, the uterus, FT (which run postelaterally from the uterus) and

ovaries (Figure 2B).
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Figure2 Gross anatomy of the female reproductive systémexternal genitalia and associated
structures B:internal genital tractimageswererecreated basedn illustrations bywang et al.,
Thompson et al ahNguyen et al(14-16))

The uterus is a highly muscular, hollow organ that resembles a pear in shape and is located in the
female pelvis where it lies posteriorly to the urinary bladder and anteriorly to the rectum (Figure 3)
(11). In women who have not previously been pregnant (nulliparous), the uterus is approximately 8
cm long, 5 cm wide and 2.5 cm thick. The uterus as a whole is called the uterine corpus and is
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divided into the isthmic (inferior) portion, the body and the fursdimost superior part); the FT
orifices are located just below the fundus. The endometrium is the innermost layer of the uterus and

lies medial to the myometriunfFigure 2Bj11).

FALLOPI AN

UTERUS

URI NARY BL RECTUN

Figure3 Sagittal view of female reproductive tract depicting uterine location between the bladder
and rectum (simplified depictioimage was recreated basexd illustrations by Thompson etl.
and Nguyen et al15, 16)

1.3The Endomiium

The endometrium is the site of normal blastocyst implantation and functions to support normal
pregnancy in women of menstruating age. The endometrium consists of the deeper stratum basalis
and the superficial stratum functionalis. The stratum funcéils sheds and regenerates from the
stratum basalis cyclically; these morphologic changes are mainly evident in the stratum functionalis
and limited in the stratum basalis. Females who are not yet menstruating or arenmxipausal do

not have an activendometrium due to lack afestrogenc drive. In the inactive endometrium, only

the stratum basalis is present; when oestrogen production ceases impasbpausal women

thinning of the endometrium and atrophy are observdd.).

The different endometrial phases with regards to changes in histoarchitecture during the menstrual
cycle are detailed below. isimportant to note that the phases are continuous, so some changes
may appear at slightly varying times in different parts of the endometrfir). The length of the
menstrual cycle can vabetween women the phases of the menstrual cycle are reported with

relation toan aerage 28day cycle beginning on the first day of menses
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1.4The Menstrual Cycle

The endometrium undergoes cyclical degeneration and regeneration; the start of each cycle is
marked by the shedding of the most superficial layer during the menseshddjiiss around the age

of 12 years old and ends at the age of menopause, between which approximately 450 menstrual
cycles will occufl?7). It occurs as a response to the fluctuations of the ovarian sex steroid hormones,
progesterone and oestrogen; and the anterior pituitary hormones, follicle stimulating hormone
(FSH) and luteinizing hormone (LH), whichrakeased in response to the gonadotropiEleasing
hormone (GnRH) from the hypothalam{ds), FSH and LH modulate the secretiomes$trogenand
progesterong(Figured). The length of one cycle is measured from the first day of menstrual
bleeding to the next onset of bleeding; the average cycle is 28 days with the majority of cycles
lengths lasting between 25 and 30 d4¥9). The two phases of the menstrual cycle are the follicular
(menses and proliferative) phase and the luteal (secretory) phase. Normally, the duration of luteal
phase is 14 days, whereas the follicular phase can vary between 10 to 1@ 8ayhe rates at

which the various hormones are released differ greatly at different parts of thaetmhomenstrual

cycle.
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Figure4 Schematic representation of the hypothalamjmtuitary - ovarian axig§image was
recreated based on illustrations Byola et al. and ortoraet al. (20, 21)

1.4.1The Ovarian Cycle

On roughly a monthly basis, the rates of secretion of the female hormones change rhythmically
during the normal reproductive years of the average female. These changes correspond to physical
changes observed in the ovaries and other sexual organs. Thesrpet more commonly known as

the menstrual cycle but may also be referred to as the female monthly sexual Tgelenedian

duration of this cyclés 28 days butmay range fron21to 35days in some female¥Vomen with

cycle lengths more than 35 days alggomenorrheic while patients with cycles shorter thandzdys

are polymenorrheig19). An abnormal cycle length is often associated with fertility probléa23

There are two signifant outcomesof the menstrual cycle. The first being that usually, only a single

ovum is released from the ovaries each mo(2B). Under the usual circumstances, this would mean
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that only onefetus develops at any one timeh& second result of the cycle is the preparation of the

uterine endometrium in advance, allowing it to be ready for implantation of the fertilised q22n

The effect of gonadotropin hormones on the ovaries

Changes in the ovaries during the menstrual cycle are entiegdgndent on the gonadotropins FSH

and LH, secreted by the anterior pituitary glaiigured) (24).Without these hormones present, the

ovaries remain inactive, as is evident in premenarche,reR@tually no gonadotropins are released

from the pituitary gland22). The onset of normal cycles when the pituitary gland starts to

progressively release more FSH and LH, usually begins from the ages of 9 to 15 years; this period of
GAYS A& NBFSNNBR (2 Instrualdde B Niergedto &s mérargds)y Q& T A NA G

A cyclical increase and decrease in the levels of FSH and LH occur throughout the month, causing
subsequent cyclical ovarian changes. The gonadotropins are able to stimulate their target ovarian

cells by binding with ghly specific receptors in the membranes of these target cells. Once the
NEOSLIi2NB KI @S 0SSy FOUA@FIGISR 2y GKS GFNBSG OSftf
significantly along with the growth and proliferation of the c¢8). Most of these effects are a

result of the activation of the cyclic adenosine monophosphate (CAMP) second messenger system in

the cytoplasm of the cell, activating protein kinasesulting in thephosphorylation of several key

enzymes that in turn stimate sex hormone synthes(22).

The Follicular Phase of the Ovarian Cycle

At the moment a female child is born, each of her ova are surrounded by a singular layer of cells
known as granulosa cells. The ovum along with the granulosa cell sheath is referred to as the
primordial follick (22). Prior to the onset of gberty, the granulosa cells provide nourishment for the
ovum and keep it suspended in this primordial state by secreting an oocyte maturation inhibiting
factor. This prevents the ovum from progressing past the prophase stage of meiotic divisien. Post
puberty, the ovaries and the follicles within begin to grow, as FSH and LH are secreted in significant
guantities from the anterior pituitary gland. Follicular growth begins with the ovum moderately
increasing in size, doubling or tripling its diameter. Thises followed by the development of extra

granulosa cell layers, in some follicles, known as the primary fo{it#s

Only a small proportion of primordial follicles are activated per cycle. The factors controlling this

seemingly intrinsic process have not been fully elucidateskdver understanding the molecular

regulation offolliculogenesignd the mechanisms underlying the selection of follicles may aid in the

treatment of infertility and as well as other pathological conditions. Candidate genes involved in
17



follicle activationinclude oocytederived growth differentiation factor (GDF9) and bone

morphogenic protein 1$BMP15) Other factors regulating stages of follicle development within the
201 NB AyOf dzRS I¢FIGLA Dvbigeddn priyhordiabiolieié faryiddiomdanewborn

ovary homeobox encoding ge@idOBOX, and forkhead transcription factors FOXP1 and FOXL2 which

are involved in growth beyond the primordial follicle st486).
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Figureb5 FSH independent and dependant stages of follicle development. (Reproduced fromeMcGee
al. (27)

Thedevelopment of Antral and Vesicular Follicles

Concentrations of FSH and LH increase during the first few days of the menstruavbgrighe

follicle enters the gonadotrophin sensitive phase of developn{Eigure 5)A few days before LH
increases, a ghtly greater increase in FSH occurs; this directly initiates the accelerated growth of 6
to 12 primaryfolliclesduring each cycle. Initially, the effect on the granulosa cells is a rapid
proliferation of the cells, adding to the layg&2). Additionally, outside the granulosa cells, spindle
cells derived from the interstitium of the ovaries collect in several layers outside the granulosa cells.
This eventually gives rise to the theca, a second mass of cells, initiated by a granulosmeetive®
tissue growth factor, an intermediary for the action of transforming growth factor, inhibins, activins,

GDF9, and antnillerian hormong27).

The theca is divided into two layers, the theca interna and the theca ex{@@)aThe cells of the

theca interna are similar to granulosa cells with their epithelioid characteristics; they also develop
18



the ability to secrete steroid sex hormones, oestrogen and progesterone. The theca externa, the
outer layer, continues to develop into a highly vascular capsule of connective tissue that eventually

becomes the capsule of the developing follig2&, 26)

The early proliferative phase of growth lasts for a few days, after whichgpearance of an antrum
within the mass of the granulosa cells, follows. This occurs as a result of an accumulation of follicular
fluid that is secreted from the granulosa cells. This fluid contains a high concentration of the female
sex hormone, oestrogemhis early growth of the primary follicle all the way up to the antral stage is
solely stimulated by FSH. Further mechanisms allow for a period of greatly accelerated growth

resulting in larger follicles referred to as vesicular folli¢ES,.

The mechanisms resulting in the growth of vesicular follicles is as fq&&)ys

Oestrogen is secreted into the follicle. This leads to an increase in the numbers of FSH receptors on
the granulosa cells. This results in a positive feedback loop because the increase in the number of
receptors results in an increase in sensitivity of gin@nulosa cells to FSH.

The combination of pituitary FSH and oestrogens promote the production of LH receptors on the
original granulosa cells. This leads to an increased sensitivity to LH, which along with the increased
sensitivity to FSH, results in amen more rapid rise in follicular secretion.

Increasing LH from the anterior pituitary along with the increasing oestrogens from the follicle work

together, resulting in the proliferation of follicular thecal cells, also increasing their secretion.

Analmost explosive growth of the antral follicles takes place. The diameter of the ovum also
enlarges by three or four times. This means the ovum experiences a total increzsgimference
by around 10 times and an increase of mass by 1000 times. The mvoains embedded within the

mass of granulosa cells at one pole of the follicle as the follicle enlé2ggs

Follicle Maturation

Each month only one of the follicles matures fully, the others undergo atresia. After one week of
continued growth, before ovulation, one of the folks outgrows all the others. The remaining
follicles involute and become atretic. The cause of this process is not fully understood, but one
theory suggests that large amounts of oestrogen from the fastest growing follicle act on the
hypothalamus. This dices any further enhancement of FSH secretion from the anterior pituitary,
stopping the growth of any of the other lesser developed follicles. Meanwhile, due to its intrinsic
positive feedback mechanisms, the largest follicle continues to grow. Thissgrizcextremely
important, as it allows for only one of the follicles per month (on average) to grow large enough to
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then ovulate. This usually prevents more than one child from developing in each pregnancy. At the
time of ovulation, the follicle will redica diameter of around 1 to 1.5 centimetres. At this point it is

referred to as the mature folliclE8).

Ovulation
In women with an average 28y menstrual cycle, ovulation will occur around 14 days after the

onset of menses (the first day of bleedin@p).

In the moments before ovulation, the outer wall of the follicle swells rapidly. In the centre of the
follicular capsule, a small area referred to as the stigma, or the macula pellucida, begins to protrude
through the ovarian surface. This is where the Graafian follicle will burst through during ovulation
and release the ovum. After half an hour or soidlixom the follicle begins oozing through the

stigma, and after a couple of minutes the stigma ruptures, making way for a more viscous fluid,
which once filled the centre of the follicle, to pour out. Within this fluid lies the ovum and it is

carried outsurrounded by a mass of granulosa cells, several thousand of them, referred to as the
corona radiata. LH is necessary for the final stages of follicular growth and ovulation. If LH is not
present the follicle will not progress to the ovulation stage e¥dtSH is present in large quantities

(30).

A few days before ovulation, the rate of secretion of LH by the anterior pituitary gland increases by 6
to 10 times. The rate of secretion peaks about 16 hours before ovulation. FSH, the rate of which also
rises by about two to three times, and LH baitt on the follicle, causing swelling of the follicle in

the last few days leading up to ovulati@?2).

Granulosa cells and theca cells are converted to mainly progesterone secreting cells after they are
exposed to LH. As a result of this, the rate of oestrogen secretion drops @fibeig bvulation and

the rate of progesterone secretion increases. Rapid follicular growth, reduced oestrogen secretion
following prolonged periods of excessive oestrogen secretion, and the initiation of progesterone
secretion, create the environment reqedl for ovulation to occur. Without the surge in LH prior to

ovulation, ovulation will not take pla¢28).

The luteal phase of the ovarian cycle
In the first few hours following the ejection of the ovum from tiedlicle, the granulosa and theca
cells that remain, begin to rapidly transform into lutein cells. They enlarge to twice their original size

and are filled with lipid inclusions. This process, known as Is&ion, gives the cells a yellowish
20



appearanceand the mass of cells together is now referred to as the corpus luteum. The corpus
luteum then becomes well vascularised. Intracellular smooth endoplasmic reticulum begins to
develop in the granulosa cells of the corpus luteum. These synthesize largataroboestrogen

and progesterone. During the luteal phase more progesterone than oestrogen is produced.

The theca cells of the corpus luteum produce mainly the androgens androstenedione and
testosterone, rather than the female sex hormones, which areseghbently converted into
oestrogens by aromatasén the granulosa cells. 7 to 8 days after ovulation the corpus luteum will
have reached a size of around 1.5 centimetres in diameter. Around 12 days\pdation, the

corpus luteum begins to involute.dtso starts to lose its secretory function and yellow colour
becoming white At this point it is known as the corpus albicans. In the upcoming weeks the corpus
albicans begins to be replaced by connective tissues and throughout the months ahead ig entirel
absorbed(30).

Involution of the corpus luteum

The secretion of oestrogen by the corpus luteum, and to a lesser extent progesterone, during the
luteal phase, acts on the anterior pituitary gland as part of a negative feedback mechanism to
maintain a low secretory ratefd.H and FSH. The hormone inhibin is secreted in small amounts by
the lutein cells. This inhibits FSH secretion by the anterior pituitary gland. During the process of
involution, the corpus luteum eventually completely degenerates as the blood concemsatf LH
and FSH decrease. At 12 days gosmation of the corpus luteum (roughly day 26 of the average
menstrual cycle, 2 days before the beginning of menstruation) the final involution occurs.
Oestrogen, progesterone, and inhibin suddenly stop beirmgeted and this reverses the feedback
inhibition on the anterior pituitary gland. This allows for an increase in the amounts of secreted FSH
and LH, which begins to initiate the growth of new follicles, beginning a new cycle.

This paucity of oestrogen amtogesterone secretion also leads to a shedding of the liofrige
uterus(22, 30)

1.4.2Menstrual Phase

Menstruation marks the first day of the menstrual cycle and is charaetéhy the breakdown of

the functional layer of the endometrium. Thisually lasts for four days, although this is variable.
Histologicallyit can be seen that the stroma collapses, collects into compact aggregates that are
detached from the glands, and the cells no longer appeade@dual(11) The glands themselves
are serrated and also collapse, though they may retain some of the secretory-jik@seatures.

Other notable histological features include interstitial haemorrhage, an increase in neutrophils,
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necrotic tissue debris, apoptotic bodies present in the stroma and glands, and the accumulation of
fibrin (11). When the menstrual breakdown of the endometrium is established, there is hardly any
stromal tesue left and the collapsed glands are tightly packed, making them look similar to the
appearance of a hyperplasia or carcinofha). The gpearance of the closely packeddometrial

glands after theendomerial stromahas broken dowtis termed papillary syncytial metaplasia

(PSM); this can be differentiated from a serous carcinoma by immunopositivipp3. A serous
carcinoma would broadly be expected to have a diffuse, intense nuclear pattern of staiegeas

PSM would either be negative or have a weak and heterogeneous pattern of stditijng

1.4.3Proliferative Phase

The proliferative phase begins as the menstrual phase ends, approximately drtal@yof the
menstrual cycléll, 17) It is marked by the onset of the regeneration of the endometrium from the
thin stratum basalis and deeper parts of the stratum functionalis of the endometrium that remain
after the shedding of the majority of the stratum functiondlld). The proliferative phase can

loosely be divided into early (day 5 to 7), Aday 8 to 10) and late (day 11 to 14) stafEs)

The significant changes that occur overall in the endometrium during this phase are: thickening of
the endometrium (4 to 5 mm), proliferation of the stromal and epithelial cells and an ireiras

tissue vascularisation. The appearance of the glands in the regenerating endometrium is uniform;
they are spaced out in a regular pattern and have a characteristic tubular histologic appearance on
crosssection (Figur®A) (11). Longitudinally, the glands appear straight and are short when
compared to the secretory phase glands (FigaB@(17). During the early stages of proliferation

there is mitotic activity within the glands, and the stromal cells look spiskiéged(17). The

glandular epithelial cells have a pseudostratified cuboidal morphology with focal ciliation caused by
risingoestrogenlevels; the epithelial cells have enlarged oval nutiai lie close to the basement
membrane and have little cytoplasm surrounding théri, 17) In the midproliferative phase,
regenerative activity is at its highest; active mitosis is noted in the glands and the epithelium
becomes more stratifie@l1). In the late stages of the proliferative phase, the glands vary nmore i
shape and size; they get longer, begin to curve and gradually become more conyalLitéd) In
parallel, the stroma has densely packed cells which are small, have oval nuclei, and indistinct cell
borders. Mitosis also takes place in the stroma, however, this is not as frequent as that of the
glandular epithelial cellgl1). During this phase, blood vessels present in the endometrium are few
in numberand have thin walls. As the proliferative phase moves into the secretory phase, early signs

of oedema are present in the stroma and mitotic activity redudds.
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Figure6 P}oliferatlvéphaseendometrlum- A: Qross section showing tubular glands; Bngitudinal
section showing straight glands.

1.4.4Secretory Phase

The secretory phase of thmenstrual cycldegins after ovulation occurs around the@ay of a 28

day cyte. During this phase, the thickness of the endometrium doubles, reaching up to 8 mm. The
secretory phase changes take place as a result of theqagatory surge of progesterone secreted
from the corpus luteun{11). Similar to the proliferative phase, the secretory phase can also be

subcategosedinto early (days 16 to 18), mi¢days 19 to 23) and late (days 24 to 28) phases.

The first recogmable histological changes of the early secretory phase appear approximately 36 to
48 hours after ovulation occurs. The first change in morphology isuslgsr vacuosiation of the
glandular epithelium; at first this is present in few and random cells, usually most evident in the mid

zone of the functional layer. By the"18ay of the cycle almost all of the glands of the stratum
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functionalis will displaghis morphological feature; as different parts of the endometrium advance at
different stages it is not uncommon for a few glands to still exhibit signs of proliferative activity, such

as mitosis, in parallel to the secretory activiiy).

As the endometrium moves into the mggcretory phase, glands produce more secretory material
within their lumen. During this stage of the secretory phase, the following distinctive changes occur:
(i) stromal oedema wikch is most apparent around day gBigure7A); (i) an increase and growth of
spiral arteries; (iii) in the glands, the cytoplasmic vacuoles change fromssipranucleafFigure
7B); (iv) glands have a more angular shape and mitotic activity ce@yesromal cells have a
decidual cell appearance due to the strongly eosinophilic cytop(&sgure7C) (11). During the late
secretoryphase the stromal cellhave the same features aecidual cellseen during pregnangy
although not as pronouncedo distinguish between pregnant amate-secretory phase
endometrium, the histologic appearance of then-pregnantendometrium issometimesnamed
predecidua(31) Whenendometrial stromal cellandergo deciduadation, thenuclei become larger
and rounder and have more nucle¢3i2). In the cytoplasm of decidualised stromal cells, lipid
droplets,glycogen droplets and secretory granules accumulateraigh endoplasmic reticulum

and Golgi complex also expa(®R).

The mostsignificant change in the endometrium in the secretory phasedsieciduakation of the
stromal compartment whereby mesenchymal cells differentiate into decidual teits
differentiation involves genetic reprogramming of the cells and is a terminal differentié8®)n
These changes are apparent at botmacro and microscopic levetheyfirst occurin the cells
surrounding the spiral arterie$pllowed by the superficial stromaf the endometrium andhen the

deeper areas of the endometrial stromal compartm¢sd).

Between the 2& and 28" days of the cycle the glands begin to look serrated due to secretory
exhaustion. The prdecidual changes in the stroma become even more apparent and increase in
particular in the areas around the spiral arter{€sgure7B, Q and beneath the luminal efielium of
the endometrium, forming the stratum compactufhl). There is also a marked leukocyte
infiltration of the stroma, in particulamterine natural killeuNK) cells(11). Immediately prior to
menstruation, the glands are tightly packed, apoptosis begins in the glands, thrombi form in the

small blood vessels and red blood cells flow into the str¢bia
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Figure7 Secretory Phase Endometriq: stromal oedema is apparent; B: some glands contain
supranuclear vacuoles and secretions are present within the glandular fuheeidualised stromal
cells are particularly evidearound spiral arteriegarrows) C: decidalisedlate secretory phase
endometrial stroma
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1.5The Receptive Endometrium

Endometrial receptivity encompasses multiple complex processes that allow for an embryo to be
able to attach to and invade into the endometrium resulting in pregndB8Yy A systematic review
identifying endometrial receptivity markers provides a clear outline of the central characteristics and
events that take place to make the endometrium receptive to an implanting blast(®@§st
Paradoxically, the endometrium seems to be hostile taygahe conceptus on most days of the

menstrual cycle.

As previously detailed, fluctuations in ovarian steroid hormones lead to the proliferation and

differentiation of the endometrium, priming it for embryo implantation. The timing of the

implantation wirdow is also partially controlled by prostagland{B86) When the blastocyst enters

the uterine cavity, it may seem to be able to move freely, however sele@aide 1 have been

shown to play a role ithe moving, or rollingpf the blastocyst to the correct area of the

endometrium. The blastocyst must also attach to the endometrium with the correct orientation, also
described as a polagdorientationz  Kdza (G KS WNREtfAy3IQ 2F GKS oflad
WO2NNBOGQ NBIF 2F GKS SiftRebiaSdeyNtcairdttachandis K S € 2 OF (A 2
determined by multiple factor§36). Of these, Mucifl (MUC1)Table 1yepels the blastocyst and

prevents it from attaching to most areas of the endometrium; MUCL1 is present throughout the
endometrium and increases prior to implantatioThe areas of the endometrium which are suitable

for embryo implantation secrete growth factors and chemokines, attracting the blastocyst in order

for it to come in contact with the pinopodd€86). The pinopodes only remain fully mature for 1 to 2

days. They are able tmme in contact with the blastocyst as they extend further into the uterine

lumen than the microvilli expressing MUC1. Following the described apposition, integrins and
cadheringTable 1ensure the blastocyst adheres to the endometri(®6). Pinopodes have been

described & G HIASSNISYO NI yS LINRP2SOGA2yae gBEATH&r | NE T2
presence on the luminal epithelium indicates the window of implantation and failure of the

endometrium to produce these structures is associated with implantation fafRife38)

26



Tablel Molecules and their proposed function in the endometrium

Molecule Function

Selectins areadl adhesion glycoprotes
directly involved in the attachment of the
embryo to the endometrium; it is differentially
expressed by the endometrial lumirehd
glandularepithelium throughout the menstrua
cycle;with respect to the luminal epithelium
the study byl ai et al. showethe highest
expression in the midecretory phase and is
proposedto be a marker of endometrial
receptivity (39)

Selectin

MUCL1 is an anthdhesion molecule that has
variable expression in the different stages g
the menstrual cycle with the highest expressi
being noted in the secretory pha$40). In the
cycling endometriumXu et alhave also showr
that MUC1 expression decreases during th
window of implantation to allow the blastocys
and endmetrium to come in close contact; th
authors alsasuggest thaMUCL1 is involved in
the selection of high qudty conceptug38).

MUC1

Integrins are cell adhesion molecules that
regulate endometrial receptivity by mediating
the attachment of the embrypthey are
Integrin regulated by oestrogen and progesterof#l).
Lessey et ahlsoadd that integrins a& can be
used to appraise if endometrial receptivity ig
normal or abnorma(41).

Cadherins are cell adhesion molecuilest
havean increased expression in rréécretory
Cadherin phase endometrial luminal epithelial celtepy
are directly involved ienabling the embryo to

implant into the endometriun(42)

1.5.1Pregnant State

Early pregnancy mirrors an amplified version of the-rtodate secretory phase endometrial
morphological changes. The hypertrophic and hypersecretory characteristics of the endometrium
arel SN SR & 3Sail ((KeTherd arekhéet iSanmiidhtlires that re encompassed in
this: the fernlike glands secrete epithelial and intraluminal material; the stroma is oedematous and
the vasculatre of the endometrium becomes congested; the stromal cells differentiate to

decidualised stromal cel(d1).
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In the first two weeks following embryo implantation, subtle endometrial changes are noted, af
which morphological changes become more prominent as decidual cells form. Decidual cells are
larger than predecidual cells and have characteristic round nudl&). The spiral arteries become
more prominent, have thicker walls and are surrounded by granulated lymphocytes. Betweéh the 4
and 8" weeks of gestation, the glands may focally exhibit cellular statifin, increased secretions,
cellular cytoplasmic vacusdition, and nuclear and cytoplasmic enlargement in the epithelial cells to
up to three times their normal size; these features are called the Atfaka reaction and occur in

response to trophoblstic tissue being present either within or outside the utdLis.

Pregnancy related changes in the morphology of the endometrium can occur in response to both an
IUP and EP. The distinction between thetates can broadly be made by the present#jlor
absence (EP) of the trophoblagt the endometrium(11).

Decidua in pregnancy

During pregnancy the endometrial decidua has three distinct lagexsidua basalisdecidua

capsularis and decidua parietalis. The decidua basdaigectly adjoined to the placeat the

decidua capsularisurrounds the embryo as it develops and expands within the uterus; the decidua
parietalislines theareas of the utrusthat are not associated to the placen{83). Betweenthe 15"

and 18" week of gestation the decidua capsularis and parietalis (83§

1.5.2The Immune Cell Profile of the Endometrium

The most common immune cells found in the uteriimngare T cells, uNK cells and macrophages; B
cells and neutrophils are sporadically noted in the endometrium; eosinophils and basophils are
virtually atsent(43). The number of T cell present is similar across the pratite2, secretory and
early pregnant phases, and comprises €% of the total endometrial leukocyte populati¢f3,

44). Macrophages arerpsent in similar proportions to the T cells during the proliferative and
secretory phase; the number of macrophages triples in the stratum basalis during tHeirinesster
(early) decidua but remain static in the parietalis. The uNK cells are the wiastie leukocyte of

the endometrium; during the proliferative phase they remain low in numbers and are diffusely
scattered in the regenerating endometriug3). However, the numbers of uNK cells increases
dramatically in the secretory phase, making up 70% of the endometrial leukocytes prebeatt in
turn account forup to 30% of the strom#&43, 44) The numbers remain high in the parietalis of early

decidua, but almost double in the stratum basalis of early decidua; as the pregnancy develops
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granularuNK cells diminish in numbenoweveragranular CD56+ uNK cells atill present in the
decidua (43, 45)

Uterine Natural Killer Cells

UNK cells differ fromatural killer (NK) cells found in the general circulation. Briefly, uNK cells have
membranebound granules that are made up of perforin, granzymes and.T¢ixculating NK cells

are typically agranulé6). This gives the uNK cells cytolytic properties tratunexpected in

normal physiology. Phenotypically, uNK cellular surface markers ar€'@REB16 whereas the
majority of NK cells in the blood stream are Ct¥8D16(46).

1.5.3Embryo Implantation: A Brief Overview

Successful embryo impltation occurs when a blastocyst which has been activated, and thus

displays an invasive phenotype, is superimposed on a simultaneously receptive endometrium. There
are three stages of implantation: apposition, adhesion, and invasion. Apposition reféws to t
blastocyst comingnto contact with the receptive area of the endometrium. Attachment is
completedwhenthe trophoblast cells @hereto the endometrium. Lastly, invasion refers to the
trophoblast cells breaching the basement membrane and invading tberaatrial decidualised

stroma and reconstructing the spiral arteries. This allows for the establishment and maintenance of
blood flow throughout the pregnancy; poor trophoblastic invasion can cause adverse pregnancy

outcomes(47).

1.6Viable Pregnancy

A viable pregnancy broadly refers to the ability of feisto survive outside the uterus. In many
cases pregnancies are ngiable. This includes early pregnancy loss, extremely premature birth,
congenital defects, anembryonic gestation, an absent heartbeat ifetius, molar pregnancy and

ectopic pregnancy48).

1.7The Fallopian Tube

The FT extend latally and posteriorly from the uterine fundus; and medially and anteriorly from

the ovaries. During the menstruating years, fEare approximately 9 to 12 cm long and lie on the
superior margin of the broad ligament, known as the mesosalfitx As demonstrated in Figure 2B
the tube can be divided into four main sections, extending from the uterine to the ovarian side of

the tube are the: isthmus, ampulla, infundibulum and fimbriated end. There is also a fifth section
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known as the intramural (terstitial) section of the tube that lies medial to the isthmic portion,
adjacent to the endometrium, and is commonly the area where pregnancy related tubal decidual

changes are see€i4).

The vasculature of thET, located in the mesosalpinx, is supplied by the uterine and ovarian arteries,
and drains in parallel via tubal veinich in turndrain into the uterine and ovarian veins. The

lateral parts of the tube arsupplied by ovarian vessels whereas the medial areas are supplied by
the uterine vessel§l4). Ovarian veins drain directly into the inferior vena cava whereas uterine
veins drain into the internal iliac vein. The lymphatic vessels of the tube drain into the uterine and

ovarian vessels which then, respectively, drain into the internal iliac andgmatie lymph nodes.

TheFTitself is made up of three distinct laygifsom the innermost to outermost): the endosalpinx,

the myosalpinx and the serosa. The endosalpinx has a luminal epithelium and a thin stroma,
otherwise referred to as the lamina propria. The epithelium consists of a single layer of cells that are
either scretory cells or ciliated cel{§igure 8) The ratio of ciliated and secretory cells varies in
different areas of the tube: in the medial portion, the secretory cells are more abundant; whereas in
the lateral portions there are more ciliated cells. Therphology of the secretory cell is of columnar
shape and has a columnar nucleus, which looks darker and thinner than that of a ciliated cell. The
ciliated cells can have a columnar shape, similar to the secretory cells, or can appear more rounded.
The cilated cells have more cytoplasm surrounding the nucleus than the secretory cells, which can
be clear or eosinophilic; the nuclei of the secretory cells are round/oval. The ciliated cells have cilia
on the luminal border of the cell; each cilia is made up oéntral doublet microtubule, which is

encircled by nine outer pairs of microtubul@st).
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Figure8 A: Secretory cellB: dliated celj C:Qrosssection of cilium depicting microtubule doublets

TheFTshows discreet changes which occur during theddag menstrual cycle. During the early
menstrual cycle, the epithelial cells appear short and the secretory cells are not very active. As
oestrogenlevels increase, the secretory cells elongate and their luminal border projects past that of
the ciliated cells. Ciliated cells also undergo cyclical changes, namely ciliation and deciliation, with

the peak of ciliation occurring in parallel to dation (14).

The immune cell profile of thETis different to that of the endometrium; the most common

leukocytes noted are the cytotoxic and suppressor T cells, whicimt@rspersed in the stromélL4).

1.7.1Tubal Pathologies
The tubal pathologies that will be discussed are endometriosis and hydrosalpinx, as they are risk

factors ofectopic pregnancy49).

Hydrosalpinx

Hydrosalpinx refers to the dilation or distension of th&(Figure9), in part or as a whole, caused by
tubal occlusion. Pathologies that cause hydrosalpinx include: PID (most common), iagjzend

previous pelvic surgery, endometriosis and previous abdominal surgery. The most common cause of
PID itself are sexually transmitted infectiqi®T Ds)such adNeisseria gonorrhoeaand Chlamydia

trachomatis These infections cause severe inflammation in the tube and subsequent obstruction of
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the distal tube, after which the severe inflammation and normal mucosal production of the tubes
leads to accumulation of fluid in the obstructed oviduct. Hydrosalpieeaats for up to 30% of

oviductal diseases and is the most severe manifestation of this path(s0yy

NsonwuAnyanwu et al. suggest th@thlamydia trachomatipromotesinfected FT epithelial celts
producereactive oxygen species (ROS) wisichsequently causes oxidative stress (B%) They
also propose that Chlamydial infectiomakes the FT more sensitive to ROS induced damage
particularlychronic inflammatior(51). Inflammation due to infection of the R#¥ith Neisseria
gonorrhoeaecan havesevere consequences suchtabal scarringloss of tubal ciliation antubal
occlusion(52).

B ‘ v/}(4 7
EONN /‘”

Figure9 Cross section of hydrosalpinx showing dilatation of tubal lumen

Tubal Endometriosis
The definition of endometriosisis i KS LINBa Sy O0S 2F Fdzy QuAz2ylf SYyR2YS
2dz0 AARS GKS(GHBISNRYS OF gAaiect

There are three types of endometriosis that are encompassethéyarm "tubal endometriosis”.
The most common lesions are serosal and subserosal, which are associated with endometriotic

lesions in other areas of the pelvis. The endometriotic lesions rarely involve the myog&kinx

Endometrial tissue extending from the uterine cavity replaces the mucosa of the interstitial portion

of the FTin 25%of women and thdasthmic mucosa in approximately 10% of wemm Thisnay bea
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variant of normal physiologyhowever incasesassociated withubal polyps occluding the tubal
lumenit istermed intraluminal endometriosis (ILE). ILE can be present in both tubes but is not
usually associated with endometriotic lesions elsewhere. Even so, ILE causes betv2€8f ab

tubal related infertility and is a risk factor for tubal ectopic pregnaas).

Postsalpingectomyendometriosigs the third main type of tubal endometriosis and appears post
operatively. It appears on the stump of the tube usually between 1 to 4 yetmsthé tubal ligation

is performed. These endometriotic lesions can affect the entire thickness of the tubal wall and may
even lead to formation of fistulas. Pesalpingectomy endometriosis has been noted to appear in
20-50% ofFTthat have been observepoststerilisation(55).

1.8Invedigating the mechanisms of aberrant blastocyst implantationarfalopian

tube

The purpose of this thesis is to provide more information allmw and why the FT becomes
permissive to the implantation of a trophoblagthe risk factors of TEP avell- documented
howeverthe effectson the physiology of the tubarenot completely uderstood(3). The
endometrium undergoes cyclic changes of which decidat#din is keyfor a successful pregnancy
(31, 33, 46)The FT, although a continuum of the endometrium, is not expected to undergo such
change under healthy physiological circumstan@. However, the mechanism by which the FT
allows implantation of the blastocyst at a microscopic level remains to be elucidétesiepresents

a void in the understanding of normal and pathologicaldfithe circumstances under which
embryo implantations possiblen the FTWe hypothesize thatubal damage may allow for a degree

of decidualéation to occur in the tube and will investigate this theory in this thesis

To begin to answer this questipa systematiditerature search to determine what is already known
about tubal deciduatation wasundertaken. Thisvasfollowed by two observational
immunohistochemical studies assessing healthy and damBgethe pathological conditions
examined will be endometriosis and hydaipinx, which as previously mentioned are considered

risk factors foITEP

The first studyfocuseson assessing the presence of known decidual markers in cy¥demgd
matched endometrial samples to determine if the epithelial and stromal compartnsiae/
cyclicity in the expression of these proteins. In particular, the classic markers of desitimali
prolactinandinsulirlike growth factorbinding protein 1 (GFBPL), and theforkhead transcription

factorsFOXO1A and FOXDarerexplored.FOXD3 in particular has been recently proposed to be
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involved endometrial stromalecidualgation (Mathew et al57)) and has not been widely explored

in the literature.

The second studgxploresfeatures of damage# T These will includexpression levels aharkers

of decidualsation,immune cell profilesteroidhormoneresponsiveness and cell proliferatiorhis

study builds on a previous study conducteddoy research group based intieA GSNI1I2 2f 2 2 YSy ¢
Hospital(Maclean et al(56)) whichexploredsteroid hormone responsiveness and proliferation in

healthycyclingrFT.

1.9Hypotheses

1 FOXO1A, IGFBPand PRL are expected to show increased expression in the secretory phase
human endometrium (where decidualisation occurs) compared toptiodiferative phase;
FOXD3 is expected to show decreased expression in the secretory phase endometrium. It is
also hypothesized that the healthy FT will not show cyclical fluctuation in the expression of
these markers across the menstrual cycle.

1 Damaged Fivith hydrosalpinx or endometriosimay beassociated with abnormal
expression of markers of decidualisation, immued infiltration, steroid hormone

responsiveness and cell proliferation.
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Chapter ZExploring the presence of markergdetidualisation in

damaged and healthy fallopian tubes: a systematic scoping review

2.1 Abstract

2.1.1Purpose
The objective of this systematic scoping reviswo compile the available evidence surrounding

decidualisation in the fallopian tubes.

2.1.2Methods

A literature search wagerformedin ten databasesn the 39 of February 20210 identify studies
evidencing decidualisation in healthy and damaged fallopian tubes in women of menstruating age
Relevant studies were identified followisgreeningusing predetermined inclusion and exclusion

criteria.

2.1.3Results
A total of25 studies weréncluded in this systematic scoping revielabal e€topic deciduavas
most reportedin postpartum fallopian tubesand rarely in tubal ectopic pregnanci€zllular

markers associated with decidualisation haleobeen characterised in tubal ectopic pregnancy

2.1.4Conclusion
Fallopian tubes are able to undergo decidual changes usplecific circumstancesowever, the
exact mechanism by which this occurs is poorly undestBarther researclis needed to elucidate

the mechanisnby which decidualisation can occur in the fallopian tubes.
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2.2 Introduction

The fallopian tube§FT) are part of the female upper genital tract. The healthy FT provides the
biological environment for successful fertilisation and facilitates the movement of the conceptus
from the ovary to the endometriufd8). However, the FT can also be associated with pathological
processes causing tubal damage, and consequences of which may include life threatening

complications such as aigic pregnancy59).

Ectopic pregnancy is defined as the implantation of a blastocyst outside the uterine endometrial
lining(1). Whilst ectopic pregnancies only occur in @Rall pregnancies, they account foi986 of

maternal mortality; over 95% of ectopic pregnancies are located in the FT, with the majority
implanting in the ampullél, 60) Risk factors for ectopic pregnancy include, but are not limited to,
previous tubal surgery, existing tubal pathology and previous infection of the genita(@fgct

However, many ectopic pregnancies occur in women without any known risk fdttd@2) This
traditional postulation that ectopic pregnancy is a direct consequence of a damaged tube is not fully

confirmed by the available eviden¢g).

Pelvic inflammatory diseag@ID)and previous tubal damageuch ad=T surgery and i ER are
common risk factof TER62). PlDrefers tothe infection of the upper genital tract thanstigates
pathologies of the F{63). The pathologies include salpingjtgyosalpinx anif the FT becomes
obstructed, hydosalpinx(50, 63) Salpingitis refers taninflammatoryand oedematous$T following
ascending infectioi63). Pyosalpinxrefers to a FT that is distendedth pusdue to obstruction
following inflammationand subsequent formation of adhesions around th€®3]). Hydrosalpinx

describes distended fluiefilled FTthat occurs as a result of tubal obstructi@s).

Tubal mucosa exists as a continuum with the endometrium, but unlike the endometubat,
mucosa is hot known to be responsive to ovarian hormones or go through the cyclical cti&iges
Endometrium is the location of normal embrymplantation and decidualised receptive
endometrium is a preequisite for embryo implantation. A 2010 review detailing knowledge of
possible functional mechanisms by i risk factors, such as infection, predispose tubal ectopic
pregnancies, concluded that the exact mechanism by which these occur is still not undésgjood
One hypothesis is that the FT become receptive to the conceptus, thusraldvio implant; this is
based on the fact that endometrial receptivity is essential for embryo attachment and invasion.

Endometrial receptivity is brought about by the process of decidualisSg&)r86)

Decidualisation, otherwise known as the decidual reaction, refers to a-faattrial process

through which the endometrial stratum functionalis changes to allow a blgistdo implant. This
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includes both morphological and functional changes, of which the two most important are the
differentiation of endometrial stromal fibroblast cells to decidual stromal cells, and leukocyte
recruitment(32, 33) Decidual leukocytes have a key role ia thecidial remodelling and immune
tolerance of the endometrium to the embryaduring pregnancy65). Humans are amongst the few
viviparous species in which the endometrium will begin the process of decidualisation, independent
of the presence of a conceptuduring the posbvulatory secretory phase of the menstrual cy82
33). The decidual reaction is key the endometrium being receptive, thus allowing for a window of
implantation; subsequently the blastocyst can come in contact with, attach to, and invade the
uterine wal(47). An abnormal decidual responsardead to early and late gestational problems
such as recurrent implantation failure and preeclam§8i). A recent study by Maclean et al.
explored thehormonal esponse of the FT during the menstrual cycle, reported that the Bhale
variance in the expression of hormone receptors during the menstrual (3€)¢hus suggesting

that FT would not be expected to decidsali

To date, no comprehensive review on thecidualisatiorof the FT has been conducted. The subject
of a possible decidual response in the healthy and diseased FT will thus be explored via a scoping
review to allow for a gain in understanding of the aride surrounding the possibility of

decidualisation occurring in the FT.

2.3Aim

This review aims to compile the current evidence on cellular decidualisation occurringh the

2.4Methods

2.4.1Literature search

The literature searclvasconcluded or8™ February 2021 in accordance with the Preferred

Reporting Items for Systematic Reviews and M&talysis (PRISMA) reporting guidelines. The

following databases were used: Scopus, Pubmed, Medline, AMED, BNI, CINAHL, EMBASE, EMCARE,
HMIC, PsychINFO. Withe exception of Scopus, all the databases were searched using the NICE
Healthcare Databases Advanced Search tool. Search terms related to FT and decidualisation were

used (Tabl®). The search strategynly includedhe necessary key words tdentify all papers

relating to decidualisation in theTFAn asterisk was used tdlow fordifferent forms of the word

depending on context; forexampléd KS G SNaSIaNIO#6$E F2NJ Fye g2NR 0S3A
encompassinR S& A NBR (I SN¥YAE @GWrddXS & &> aliyd® SElG dzo | f ¢ @
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Table2 Scoping review search stratedgtailing full search terms for each database; * is used for
truncation

Database Search terms

AMED, BNI, HMIC Fallopian tub* OR Oviduct*

Scopus, Pubmedfedline, CINAHL, EMBASE,| (Fallopian tub* OR Oviduct*) AND decidua*
EMCARE, PsychINFO

2.4.2Inclusion and exclusion

The inclusion and exclusion criteria were streamlined to effectively compile publications providing
evidence of decidual changes in the &Jlor lack thereof, to be selected for the reviethe inclusion

and exclusion criteria are summarised in Tablé/Bomen of menstruating age were included as
postmenopausal women do not undergo decidual changes due to the cessation of the menstrual
cycle Thus, papers that did not include women of menstruating age were excluded; if a study were
deemed relevant to the review and included both pad postmenopausal women in the study

population, it was included in the review.

A preliminary search of ailable literature did not identify a previous systematic review compiling
evidence of deidualisation in the FT. Thus, no constraint was placed on the date of pubticdtio

studies.

The two main aspects of endometrial priming for pregnancy are decithaalges including cell
signalling pathways and associated proteins, and the immune cell profile of the endomé&Bym

The scope of this review focuses on the decidual aspect so a search for leukocytes was not
conducted for this specific review. Flggtany papers that were not about the FT were excludfeal;
study included evidence surrounding decidual changes inRTeut did not necessarily have this as a
focal point of the studyit wasincluded. As the immune cell profile of the endometriuna isey

aspect of endometrial priming, research that discussed leukocytes was not excluded. If a paper
mentioned decidual factors but not leukocyte factors, or leukocyte factors but not decidual factors,

it was included. All papers mentioning any aspectesfidualisation in the FT were included.

Animal studies were excluded because decidualisation in humans occurs towards the end of each
menstrual cycle irrespective of the presence of an empiyanost other mammalthe presence of

an embryoinstigates deidualisation(34). As spontaneous decidualisation is rare amomgsst
mammals the significance of these studies with regards to human normal physiology and
pathophysiologys more difficultto comprehend thus this review will focus solely on studies

investigating human physiology
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Table3 Summary ofricluson and exclusion criteria for the selection of papers to be included in this
review

Inclusion criteria Exclusion criteria
1. Study explore&T 1. They did not includ&T
2. The patient population included 2. The participants were poshenopausal
women of menstruating age women
3. Leukocyte and/or leukocyte markers 3. Animal studies

were examined
4. Markers of, or relating to,
decidualisation were explored

2.4.3 Selection of Sources of Evidence

Two reviewers screened the papers independently following removal of duplicates. Initially the title
and abstracts were used to include studies; then, if accessible, the full papers were screened to
assess eligibility. Disagreements were discussed andvessbetween the two reviewers, producing
the final cohort of papers to be included in the results; if there was uncertainty a third reviewer was

consulted.

2.4.4Data Charting

The two reviewers used an iterative process to create the charting forthyjoirhe purpose of the
charting form was to record the variables that were required for the results and analysis. The aim
was to include variables which would extract information regarding the pathology of the FT at a
histological and molecular level; idéfy the normal or control variables used by the authors in their
comparison; and present the authors conclusions. The results of the papers were then presented

thematically according to the findings of the papers.
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2.5Results

Using thepredefined keywords, 625 articles were identified; 253 of these remained following the

removal of duplicate studies, both from within the same database and across the databases. The
title and abstract of these papers were screened to assess eligibility the predetermined
inclusion and exclusion criteria for guidance; 204 were excluded as they did not match the necessary

criteria. 49 articles were potentially available, of which 24 were excluded for a variety of reasons, as

detailed in the chart belowa total of 25 studies have been included in this review. A PRISMA

diagram has been used to outline the key steps used to exclude research papers based on the

inclusion and exclusion criteria (Figur@.1
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Full paper not in English (n = 15)
No tubal specimen examined (n
= ]_)

Does not give insight into
evidence of decidual reaction in
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2.5.1 Characteristics of Sourceswofdence

Table4 Characteristics of research papers included in this review as presented by the.dotiwsstudies where the authors conclusions are not directly
relevant to this review, the information extracted from said s#gdhat was relevant to this review has been made evident as: RF (relevant findings); IHC
(immunohistochemistry), PCR (polymerase chain reaction), FT (Fallopiés)) i (ectopic pregnancy), TEP (tubal ectopic pregnancy), IUP (intratuerine
pregnancy)ER (oestrogen receptor), PR (progesterone receGG (human chorionic gonadotrophin), MUC1 (Maigin

Publication date

Title First Author (year) Study Type Aims Method Authors Conclusions
Alteration of the immune cell profiles | Xia Wang 2019 Review [1] compare the Review [1] the high number of inflammatory leukocytes in the FT|
in the pathophysiology of tubal leukocytic proportions in may be an important predisposing factor to TEP
ectopic pregnancy66) decidua of normal

pregnancy and in decidu

and FT of tubal ectopic

pregnancy [2] discuss

possible functions of

immune cells in the

pathophysidogy of TEP
Characterization of tubal and decidual Neratzoula 1998 Observational| characterize and IHC [1] absence of uNK cells dtet site of tubal implantations

leukocyte populations in ectopic
pregnancy: Evidence that endometrig
granulated lymphocytes are absent
from the tubal implantation site(67)

Vassiliadou

compare leukocyte
populations at the tubal
implantation site, away
from the tubal
implantation site, in
intrauterine decidua
associated with EP and i
intrauterine decidua of
normal intrauterine
pregnancy

suggests that local presence of those cells is not essenti
for implantation and early placental development events
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Decidual Reaction and Tubal A. Wist 1954 Observational| to present personal [1] chemotactic attraction of decidual reaction to the ovu
Pregnancy(68) observations associated is an assumption [2] decidual polyps sometimes act as
with decidual reactions in mechanial obstacles to the passage of the ovum in the
connection with tubal tubal lumen [3] the decidual reaction is only of secondary
pregnancy importance in the aetiology of tubal pregnancy and is to
regarded as a result of pregnancy rather than as the cau
of tubal implantation
Decidual Reactions in Fallopian Tube| I. L Tilden 1943 Observational| prompted by frequent [1]1 This study indicates that decidual reacti¢gfisnay
Histologic Study of Tubal Segments observation of decidual occur more often than is generally believed [2] The fact
from 144 Postpartum Sterilizations reaction in tubal section that 67% of the patients showing a tubal decidual
(69) post partum over reaction were Hawaiians or part Havaais, together with
previous 2 years our inability to find a similar report in the literature,
suggests, however, that the phenomenon may be a pure
local one, perhaps dependent upon racial or climatic
factors [3] It is further suggested that it may have an
etiologic beamg
upon the high incidence of ectopic gestation in Hawaii
Decidual transformation of human EevaMarja 1991 Observational| investigate the presence| IHC [1] sgnificance of ectopic decidual cells is unknown [2]
extrauterine mesenchymal cells is Rutanen of IGFBHL in various decidual transformation regardless of location is associa
associated with the appearance of extrauterine tissues with the appearance of IGFBP
insulin-like growth factorbinding which contained
protein-1 (70) morphologically similar
cells to endometrial
decidual cells
Effects of trophoblast invasion on the| Ulrike von 2011 Observational| to distinguish endocrine | IHC [1] Leukocytepopulations present in the tubal anderine
distribution of leukocytes in uterine Rango and paracrine influences mucosaare an intrinsic characteristic of these tissues [2]

and tubal implantation siteq71)

on leukocyte
subpopulations in utering
and tubal implantation
sites

the number of CD45+ leukocytes, mainly composed of
CD68+ macrophages, increased frompoegnant FT to
TEP; the distinct leukocyte distribution patbeat the
implantation sites suggests that the
invadingtrophoblastexerts a paracrine influence on
endometrial and endosalpingeal leukocytes [3] The abse
of natural killer cell§rom the tubal wall may be one reaso
for the higher degree of invasiveresf the trophoblast at
the tubal implantation site
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Evidence of a limited contribution of | F. Goffin 2003 Obsevational | [1] compare expression | IHC, RPPCR [1] decidua is not necessary to trigger EVT invasion but
feto-maternal interactions to of specific markers of likely to limit extent of trophoblast cell columns and
trophoblast differentiation along the decidualisation at the accelerate onset of extra villous trophoblast invasion [2]
invasive pathway(72) site of implantation of phenotype switch of EVT's from differentiating phenotypg
intrauterine pregnancies to invasive phenotype is insensitive to maternal
and tubal pregnancies [2 environment which is why it is maintained in tubal
compare pattern of pregnancies and does not require a differentiated decidu
trophoblast
differentiation marker
expression in in viable
intrauterine and tubal
pregnancies
ExtraUterine Decidug73) R. E. Rewkl 1971 Observational| N/A N/A [1] decidua in tubes during pregnancy seems to be more
& Case common in later stages of pregnancy [2] decidua will not
Report usually be formed in the tube during early pregnancy or
due to tubal ectopic pregnancy (affected ejb decidua
found in contralateral tube [3] th€Tseem to be less
sensitive to progestagens produced by the corpus luteun
(high levels in early pregnancy) and more sensitive to th
from placenta which takes over progestagen production
from the fourth manth onwards
Histologic Features of Surgically Jennifer L. Hunt| 2002 Observational| analyse alFTfrom H&E [1] the results of his study describe different

Removed Fallopian Tub&34)

various surgical
procedures with different
associated clinical
symptoms and record
frequency of histologic
findings

developmental, reactive and metaplastic changeBTand
report correlations between the pathologies, the age of t
LI GdASyGa FyR GKS LI GASyGa
decidua was found in 3% of tlk&examined andvere all
from postpartum patients
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Immune Cells in the Female Sung Ki Lee 2015 Review review current review [1] NK cells and Treg cells are important for decidual
Reproductive Trac(44) knowledge about the angiogenesis, trophoblast migration, immune tolerance
immune system in the during pregnancy [2] dysregulation of endometrial/decidy
female reproductive tract immune cells is strongly related to infertility, miscarriage
and discuss the clinical other obstetric complications [RF1] immune cells in the
significance upper reproductive tractRT, uterus, endocervix) establish
immune tolerance for sperm and embryetfus[RF2] The
most abundant leukocytes Tare T cells and to a lesser
extent granulocytes (neutrophils, mast cells and
eosinophils)
Immunohistochemical analysis of J. A. Land 1992 Observational| study decidualisation, light microscopy, | [1] absence of progesterone receptors in tube may preve
oestrogen and progesterone oestrogen receptor and | IHC adequate decidualisation in ectopic pregnancy [2]
receptors in fallopian tubes during progesterae receptor in minimal/absent decidualisation iRT2 indicates that tubal
ectopic pregnancy(75) FTcontaining EP implantation is mainly caused byophoblast activity [3]
absence of progesterone receptors is correlated to failur
of treatment of ectopic pregnancy with antiprogestins
Immunolocalization of integrins and | Sevinc Inan 2004 Observational| to investigate the IHC omMB AYUSANAYAE O6AYy LI NI A Odg

fibronectin in tubal pregnancy(76)

expression of integrins
0hosx i mX h=z
fibronectin in tubal
samples with ectopic
pregnancy and control
tubal samples

play a role in progression of tubal implantation} fuggest
that integrins and fibronectin, which are needed in utero
implantation, are involved in ectopic implantation

[RF]integrins and fibronectin are cellular markers
associated with decidualisation
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Local foetal signal is not required for | M Zygmunt 2000 Observational| to determine whether in-situ [1] the fact that the IGFBP mRNAs were expressed simil
maintaining IGFBP gene expression i local stimulus from the | hybridization, IHC| in both intra and extrauterine pregnancies indicates that
the human decidua: evidence from fetusis important in the the local physical stimulus from an implantifegusis not
extrauterine pregnancie77) regulation of IGFBP geng necessary to induce or maintain IGFBP gene expression
expression in human
decidua [RF]in TERt is indicted that decidualisation has occurred
the site of implantation due to the presence I&FBPL and
IGFBPL mRNAs
Macroscopic deciduosis in pregnancy] Georges A. 2016 Prospective | [1] to determine the H&E, IHC, Clinical [1] macroscopic lesions of ectopic decidua in the uterus,
is finally a common entity(78) Markou prevalence of examination ovaries or FT are usually benign [2] it is assediatith
macroscopideciduosis abdominal pain but not correlated with any obstetrical
in caesarean sections [2] complications [3] total remission in the postpartum perio
to study the association [4] presence of endometriosis does not seem to have a
with any obstetrical major impact on the incidence of deciduosis
complications or adverse
effects
Placentation in the Fallopian Tube Sarah Randall | 1987 Observational| to dissect the relative H&E and light [1]it is the trophoblastic activityttat causes blastocyst
(79) roles played by microscopy implantation and subsequent placentati¢?] blastocyst
trophoblastic and appears to be able to implamto anypart of the FTit
maternal tissues in the comes in contact witlivhen it isat the appropriate stage of
process of tubal its development and the maternal tissues appear to play
implantation and purely passive role
placentation
Pseudedecidualisation at the site of | U. M. Spornitz | 1993 Observational| N/A light microscopy | [1] decidualike cells seen at the site of TEP afe
implantation in tubal pregnancy(80) and electron cytotrophoblastic origin, not afnaternal origin and should
microscopy be termed pseudodecidual ce[2] fibrinoid present in the
utero-placental interface is of maternal origin
Reduced expression of aquaporin 9 i1 Yin Fen Ji 2012 Observational| to examine the cellular | IHC [1] expression of AQP9 in timay be significant during

tubal ectopic pregnancy81)

localization and changes
in protein expression of
aquaporin 9, oestigen
receptors and
progesterone receptors
in FTduring tubal
pregnancy

tubal implantation [2] no correlation between AQP9 and
or PR away from implantation site of TEP or normal FT

[RA] ERand PR immunostaining wasimarilylocalised to
the epithelial cell nuclgRF2]JER and PR had weak
immunostaining at the site of implantation in TEMereas
stronger staining was seen away from the site of
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implantation; staining away from the site ofiplantation
was similar to staining seen in rseécretory phase tubes

The expression of activins, their type | Bassem Refaat | 2011 Observational| To examine the IHC, (cDNA [1] Tubal activins and their related molecules are involve
Il receptors and follistatin in human expression of activin synthesis for) in regulation of FT physiology in a paracrine/autocrine
Fallopian tube during the menstrual subunits, their receptors | quantitative PCR | action [2]increase in expression of candidate molecules
cycle and in pseud@regnancy(82) and follistatin in human during luteal phase suggests that activins may have a ro
FTcollected from in fertilization and in preimplantation embryo developme
different stages in the in humans [3] exposure of the tubal epithelium to hCG
menstrual cycle and from modulates the expression of tubal adhs
pseudepregnant women
The Expression of Activin +and-i - | Bassem Refaat | 2007 Observational| to investigate whether IHC, (cDNA [1] ActivinA expression by tubal epithelial cells may
Subunits, Follistatin, and Activin Type epithelium from FT synthesis for) stimulate tubal decidualisation and trophoblast invasion
Il Receptors in Fallopian Tubes bearing an ectopic guantitative PCR | within the tube P] an increase in actiiA expression by
Bearing an Ectopic Pregnan(33) pregnancy differs from a tubal epithelial cells may increase production of NO in
normal tube in concentrationdependent manner, which will result in
expression of TGF pathological relaxation of the tubal smooth muscles, faily
family and related of propulsion of the early embryo along thd and the
proteins and their development of EP
receptors
The expression of MUC1 in human | M. AFAzemi 2009 Observational| To determine whether IHC, quantitative | [1] Decrease in MUCL1 expression in EP indicates an

Fallopian tube during the menstrual
cycle and in ectopic pregnandg4)

abnormal tubes bearing
an EP differ from healthy|
tubes in the expression
and glycosylation of
MUC1

PCR

alteration in tubal epithelial properties in women suffering
EP [2]. Such changes may impact on both the receptivity
the tubal surface towards a potentially implanting embry
and the ability of the tubal enikonment to facilitate zygote
transport to the uterus [3]. Decrease in MUC1 expressio
and altered glycosylation in tubal epithelium from EP ma|
reflect an increase in receptivity
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The immunophenotype of human M. K. Heatley 1996 Observational| to ascertain if the IHC [1] The results show that extraterine mesenchymatells
decidua and extrauterine decidual morphological such as in the Fthat have undergone a decidual reaction
reactions(85) similarities of correspond closely to their counterparts in the endometri
decidualised cells at stroma
intra-uterine and extra
uterine sites were [RF}post-partum dectlual stroma was noted in the FT
reflected at a functional
level
The Level of Human Decidua Reuvit Halperin | 1999 Observational| to examine whether double-site increased levels of monoclonal rheumatoid factor hDP 2
Associated Protein (hDP) 200, ectopic pregnancy is enzymelinked might be associated with thienplantation site of
Identified as a Monoclonal associated with immunosorbent | pregnancy
Rheumatoid Factor in the Fallopian increased levels of hDP | assay
Tube(86) 200
Tubal versus uterine placentation: J.Proll 2000 Observational| to evaluate the IHC [1] HLAG is expressed by invasive EVCT, independently]
similar HLAG expressing extra villous importance of HLAG in the maternal tissue environment [2] Hi@is unlikely to
cytotrophoblast invasion but different the outcome of control the recruitment of maternal leulaytes to the site
maternal leukocyte recruitmen{(87) pregnancy in vivo of implantation [3] NK cells might not be essential for
proper implantation and outcome of pregnancy [4] tubal
leukocyte composition may favour unique innate defencg
and local mucosal immunity without compromising
potential pregnancy
Uterine (CD56+) Natural Killer Cells | Jaume Ordi 2006 Observational| investigate number and | IHC [1] immunomodulation of uNK cells regulated mainly by

Recruitment: Association with
Decidual Reaction Rather than
Embryo Implantation(88)

distribution of leukocyte
populations within
decidual tissue from
different locations
(emphasis on uterine ang
peripheral type NK cells
in [1] nonpregnant
decidualised
endometrium, [2] ectopic
decidua asociated with
IU pregnancy, [3] tubal

implantation sites)

hormones [2] CD56+ NK cells closely related to decidug
irrespective of eutopic or ectopic rather than to
implantation site
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Why does the fallopian tube fail in Bassem Refaat | 2012 Observational
ectopic pregnancy? The role of
activins, inducible nitric oxide
synthase, and MUCL1 in ectopic
implantation (89)

To investigate the
epithelial expression of
activintA, activin type lIA
and IIB receptors,
inducible nitric oxide
synthase, and mucifh in
FTbearing an ectopic
pregnancy at the site of
implantation, at a site
remote from the same
tube, and in healthy
control tubes collected at
the luteal phase and
from pseudopregnancy

IHC, quantitative
PCR

[1] pathologic expression of candidate molecules by th
tubal epithelium may play and important role in the
pathogenesis of EP but not in determination of
implantation site [2] expression of candidate molecules b
human trophoblast suggests a role for them in the
regulation of placentation in early pregnancy

Table5 Colour key for themes

PostPartum Tubes Show Decidualisation
Ectopic Pregnancy and Tubal Decidualisation

THEMES THEME COLOU

Leukocyte Distribution Shows Consistently Low UNK Cells

Cellular Markers Associated with Decidualisation
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Title

Study Groups

Sample Size

Tubal Pathologies
Included in Study

Molecular Markers

Themes

Alteration of the immune cell profiles in the
pathophysiology of tubal ectopic pregnanc$6)

[1] a. peripheral blood
mononuclear cells (PBMC during
intrauterine pregnancy (IUP) b.
PBMC during ectopic pregnancy|
(EP) [2] a. decidua during IUP b.
decidua during EP [B]Tduring
EP

Tubal ectopic
pregnancy

[1] CD56+ NK celfsubcategorised into

CD56brightCD16 CD56dimCD16+) [2] CD3

T cells [3] CD8+ cytotoxic T cells

Characterization of tubal and decidual leukocyt¢

populations in ectopic pregnancy: Evidence tha|

endometrial granulated lymphocytes are absen
from the tubal implantation site (67)

[1] ectopic pregnancy tubal
implantation site [2] ectopic
pregnancy tubal tissue away fror,
implantation site [3] intrauterine
decidua associated with ectopic
pregnancy [4] elective first
trimester pregnancy termination
(control)

49 [1] 15 [2] 15 [3] 15 [4] 19

Tubal ectopic
pregnancy

[1] CD45 (specific for leukocytes) [2] CD68
(specific for macrophages) [3] CD43 (T cell
[4] CD45RA (B cells) [5] CD57 (classic NK
cells) [6] CD20 (B cells) @P56 (endometria

granulated lymphocytes) [8] CD3 (T cells)

Decidual Reaction and Tubal Pregnar(ég)

tubal pregnancy

104

N/A
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Decidual Reactions in Fallopian Tubes: Histolog

consecutive pospartum tubal

Study of Tubal Segments from 144 Pgtrtum 144 N/A
S segments
Sterilizations(69)

tissues stromal cell
decidualisation: [1] tissue from
peritoneum midgestation [2]

Decidual transformation of human extrauterine | uterine cervix midgestation [3}T

mesenchymal cells is associated with the | from term pregnancies [4] [1]1[2] 2 [3] 8 [4] 8 [5] 10 \GFBPL

appearance of insulidike growth factorbinding
protein-1(70)

superficial ovarian biopsy after
caesarean seaih [5] decidual
and placental tissue from electiv
termination of early pregnancy
(control)

Effects of trophoblast invasion on the distributior
of leukocytes in uterine and tubal implantation
sites(71)

[1] decidual tissue from normal
healthy first trimester intra
uterine pregnancy [2FTwith
ectopic pregnancy [3]
endometrial decidual tissue
associated with ectopic
pregrancy [4]FTfrom women
with normal menstrual cycle

39 specimens in total; [1] 25
specimens [2] 4 specimens
[3] 6 specimens [4] 4
specimens

Tubal ectopic
pregnancy

[1] cytokeratin (KL1 clone: specific to

epithelial and trophoblast cells) [2] CD20 (B
cells) [3] CD45 (leukocyte common antigen

[4] CD56 (natural Killer cells [5] CD68

(macrophages) [6] CD8-§lippressor cells or

cytotoxic T cells)
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Evidence of a limited contribution of feto
maternal interactions to trophoblast
differentiation along the invasive pathway72)

[1] tubal pregnancy?] placental
tissue (control)

16 [1] 6 [2] 11

Tubal ectopic
pregnancy

markers of extravillous cytotrophoblast
proliferation, invasion and differentiation[1
10]: [1] cytokeratin 07 [2] vimentin [3]
human placental lactogen (hPL) [4] a6
subunit [5] ecadherin [6] epidermal growth

factor receptor (EGR) [7] eerbB2; connexin

40/32/43 [8] cyclin dependent kinase
inhibitors (p16, p57) [9] K67 [10]human
leukocyte antigerG (hlag) ; markers of
decidualisation [11 12]: [11] prolactin [12]
IGFBFRL

ExtraUterine Decidug73)

[1] proliferative phase
endometrium in parallel to
ovarian pregnancy where
conceptus was presumed to hay
been dead for several weeks [2]
before 18th week of pregnancy
or postpartum [3] ectopic
pregnancy

198 pairs of tubes [1] 1 [2]
194 [3] 3

N/A
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Histologic Features of Surgically Removed

fibrosis, oedema,
inclusion cysts.
Walthard nests,
pigmentosis tubae,
Wolffian duct
remnants, decidualised
stroma,
endosalpingiosis,
metastaticcarcinoma,

Fallopian Tube€74) [1]FT 287 tubes from 145 patients epithelial atypia, N/A
epithelial vacuolization,
epithelial metaplasia,
epithelial
tufting/stratification,
inflammation (mast
cells, plasma cells,
neutrophils, lymphoid
follicles)
[1] CD3+ (T cells) [2] CD45+ (leukocytes) [
Immune Cells in the Female Reproductive Trag N/A N/A CD66b+ (granulocytes including neutrophil
(44) mast cells and eosinophils) [4] CD14+
(monocyte) [5] CD19+ (&lls)
Immunohistochemical analysis of oestrogen an [1] oestrogen receptor [2] progesterone
progesterone receptors in fallopian tubes during [1] ampullary EP 12 ectopic pregnancy

ectopic pregnancy75)

receptor
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Immunolocalization of integrins and fibronectin
in tubal pregnancy(76)

[1] ectopic site of tubal
pregnancy [2] tubes from tubal
ligation (control) [3]Jnormal areas|
of FTwith ectopic pregnancy
(control)

35[1,3]30[2] 5

Tubal ectopic
pregnancy

oMB AYUGSANAYE o6hoX
fibronectin

Local foetal signal is not required for maintainin
IGFBP gene expression in the human decidua
evidence from extrauterine pregnancig37)

[1] tubal pregnancy [2]
endometrium associated with
tubal pregnancy [3] placental
from legal abortions [4FT
associated with pregnancy

[1,2] 6 [3,4] 6

Tubal ectopic
pregnancy

[1] cytokeratin (marker of trophoblast and
epithelial cells) [2] IGFBP[3] IGFBR [4]
IGFBR3 [5] IGFBHR [6] IGFB# [7] IGFBB

Macroscopic deciduosis in pregnancy is finally

biopsies from macroscopically
visible lesions during caesarean

[1] Ki67 (cellular marker for proliferation) [2
calretinin [3] cytokeratin (marker expresse

common entity(78) section in the utews, ovaries 31 in mesothelial cells) [4] CD10 (marker was
and/or FT positive as a membrane stain)
Placentation in the Fallopian Tub@?9) FTcontaining ectopic gestation | 105 Tubal ectopic N/A

pregnancy
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Pseudedecidualisation at the site of
implantation in tubal pregnancy(80)

tubal pregnancies at site of
implantation

Tubal ectopic
pregnancy

N/A

Reduced expression of aquaporin 9 in tubal
ectopic pregnancy81)

[1] ampullary tubal ectopic
pregnancy at implantation site [2
ampullary tubal ectopic
pregnancy away from
implantation sie [3] normalFTin
mid-secretory phase (control)

47 [1, 2] 30 [3] 17

Tubal ectopic
pregnancy

[1] aquaporin 9 [2] oestrogen receptors [3]
progesterone receptors

The expression of activins, their type Il receptor
and follistatin in human Fallopian tube during the
menstrual cycle and in pseudpregnancy(82)

[1] menstrual cycle group in
follicular, luteal and menstrual
stage [2] pseudopregnancy (pes|
hCG injectionfFT

[1] 24 (from 12 women; 4 per
subgroup) [2] 6(from 3
women)

[1] activini | & dz0 dzy A- . @& 8z0
[3] activin reeptor type IIA [4] activin
receptor type |IB

The Expression of Activin L and-  -Subunits,
Follistatin, and Activin Type Il Receptors in
Fallopian Tubes Bearing an Ectopic Pregnanc]

(83)

[1] FTwith EP [2]
pseudopregnancy (pos$tCG
injection) FT(control)

[1] 15 [2] 6

Tubal ectopic
pregnancy

[1] activind  ksubunits [2] activid  ~subunit
[3] follistatin [4] ActRIIA [5] ActRIIB
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The expression of MUCL1 in human Fallopian tuf
during the menstrual cycle and in ectopic
pregnancy(84)

[1] menstrual cycle group in
follicular, luteal and menstrual
stage [2JFTwith EP [3]
pseudopregnancy (pos$tCG
injection) FT(control)

[1] 24 (from 12 women; 4 pel
subgroup) [2] 15 [3] 6 (from 3
women)

Tubal ectopic
pregnancy

[1] MUC1 (antibodies 215D4, BC2)

The immunophenotype of human decidua and
extra-uterine decidual reactiong85)

Decidua associated with product
of conception from intrauterine
and extrauterine gestations and
decidualised

tissue from the appendix, cervix
andFT

43

[1] cytoskeletal protein [2]-300 proteins [3]
histiocytic antigens [4placental alkaline
LK2ALKIFGFAS wop8 1 K
gonadotrophin [6] CD45 [7] CD20 [8] CD3
CD68

The Level of Human Decidussociated Protein
(hDP) 200, Identified as a Monoclonal
Rheumatoid Factor in the Fallopian Tul(@6)

[1] tubal fluid samples from
women undergoing total
abdominal hysterectomy and
bilateral salpingenophrectomy
[2] tubal fluid from women with
ectopic pregnancy

[1] 20 [2] 14

Tubal ectopic
pregnancy

human decidua associated protein (hDP) 2

Tubal versus uterine placentation: similar HiG\
expressing extra villous cytotrophoblast invasior
but different maternal leukocyte recruitmen{87)

[1] tubal ectopic pregnancy [2]
normal tubes [3] decidua from
intrauterine pregnancies

[1]7 [2]12[3] 3

Tubal ectopic
pregnancy

[1] cytokeratin 7 [2] vimentin [3] HI-& [4]
HLAA [5] HLAB [6] HLAC [7] HLAE [8] pan
¢/ w hki @p6 ORUAIL+!LH
IR1/ILT.2 [12] LIR2/ILT4 [13] BY55 ; immur]
cell markers: [1] CD1a&y, ¢ [2] CD4 [3] CD8
[4] CD1 [5] CD16 [6] CD20 [7] CD25 [8] CL
[9] CD83 [10] CD94
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Uterine (CD56+) Natural Killer Cells Recruitmer
Association with Decidual Reaction Rather thar

Embryo Implantation(88)

[1] decidualised endometrium
due to progestin therapy [2] U
pregnancy associated ectopic
decidua [3] SA endometrial
decidua [4] Tubal ectopic
pregnancy [5] gynaecologic
specimens with marked
inflammation (control)

100 (20 per group)

Tubal ectopic
pregnang, ectopic
decidua

[1] cytokeratin 7 (in epithelial cells and

i NP LIK 2 6 f -inhibin &rophablasés) [3]
CD3+ (T cells) [4] CD4+ (Helper T cells) [5]
CD8+ (cytotoxisuppressor T cells) [6] CD2(
(b cells) [7] CD68+ (monocyteacrophages)
[8] CD16+ (pepheral NK cells, macrophage
neutrophils) [9] CD56+ (uterine NK cells) [1]
CD57+ (peripheral NK cells)

Why does the fallopian tube fail in ectopic

pregnancy? The role of activins, inducible nitric

oxide synthase, and MUC1 in ectopic
implantation (89)

[1] FTwith EP i. at site of
implantation ii. Away from site of
implantation of the same tube
[2]pseudopregnancy (pos$iCG
injection) FT[3] luteal phase=T
(control) [4] endometrial biopsy
from pseudo pregnant group
(control)

[1] 10 [2] 8 [3, 4] 6 (from 3
women)

Tubal ectopic
pregnancy

oOMB 1! AadzodzyAld oHB

iNOS [5]4] MUC1
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2.6 Thematic Analysis

2.6.1Tubal Decidualisation was observed in intrauterine pregnancies

Whilst rare, decidual changes do occur in the FT. This is primarily evident frompaptst FTthat

show decidual changes, and these decidual changes are thought to resolve during the 6 weeks after
birth (69, 78) Intrauterine pregnancy (IUP) related decidual reactions in the tube were noted in 7
papers. Of these Ordi et al., Hunt et al., Rutanen et al., Tilden et al., Heatley et al. and Markou et al.
reported a decidual reaction in poepartum tubes associated thi IUP(69, 70, 74, 78, 85, 88)

Rewell et al. reported tubal decidual reaction associated with I[UP and in contralateral tubes of TEP
(73). Collectively studiemdicatedthat between 3 % to 25 % of pgsartum women demonstrata

tubal decidual reactioii70, 73) However, the study by Rutanen et al. indicating tha®@bf tubes
showed decidualisation only included=8compared to the 194 pogpartum tubes which were

analysed in the Rewell et al. study showing 3% had decidual chéf8)eEhe study by Rutanen et al
only looked at 8 tubal samples, and there was some ambiguity swlingrsample selection

suggesting a selection bié&0).

2.6.2EctopicPregnancy and Tubal Decidualisation

Decidualisation at the site of the tubal ectopic pregnancy has been described in very few
manuscripts. Six included papers mention a decidual reaction, or evidence of, both at the site of
implantation(68, 75, 76, 79, 81, 8&Gnd away from the site of implantatiq®8, 73) however, none

of the papers described this decidualisation reaction to be as extensive as would be expected at the
implantation site in a normal intrauterine pregnancy. Additionallys indicated that decidual cells
might be present in tubal implantations by the presence of theestablished decidual marker,
IGFBR77)at the site of implantation and hDP200 in the tube with the ectopic pregnégy
However, many other publications describe an absence of a decidual reaction at the site of
implantation in mostTbearing an ectopic pregnan€§7, 68, 72, 75, 79, 80, 88)th 2 studies
reporting a maximum of 17 % (sample size 104) and 25 % (sample size 105) of cases showing
decidualisation(68, 79) Interestingly, one study by Randall et al. described that cells which initially
resembled decidual cells dte site of implantation, were in fact of cytotrophoblastic origin at close
scrutiny and they only resembled decidual cells morphologically but are of embryological#®@jgin
There was also only one study included in this review that addressed the invasivernesexi &
villous trophoblast¢72)and the histological evidence suggested the trophoblast cell columns to be
much longer in thé&=Tcompared with virat is normally seen in uterine pregnancies, therefore the
authors concluded that the trophoblastic invasion is not limited inkfieompared with an

intrauterine pregnancy72).
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2.6.3Leukocyte Distribution in the Fallopian Tube

A study by Bngo et al. an@ review byLee et al. indicated thah normalFTthe most abundant
leukocyte is the T cell (40 % of leukocytes present) followed by granulocytes and macrophages;
natural killer cells and B cells are present in very low numbers in unaffected tubal44ed4)

However, thephase of the menstrual cycle was not detaileckitherstudy (44, 71)

In tubal ectopic pregnancy, the most significant finding is a lack of CD56+ uterine natural killer cells
which are thought to limit trophoblast invasion in normal intrauterine pregnan@és67, 71, 87,

88). Ordi et al.suggest that the presence of uNK immune celithe endometrium idhrormonally
regulated during the menatal cycle, not by the presence of a trophoblagtowing an increase

during the lutealphase(88). Rango et aladd thatwhile NK cells are not necessary for successful
implantation, it is suggested that NK celisnit trophoblast invasionthe absence of NK cells in the FT

is proposed to allow for thancreased trophoblastic invasion seen in TEB.

The most abundant leukocytes present in all studies that mentioned the immune cell profile of tubal
ectopic pregnancies were macrophages and T (&#s67, 71, 87)When comparing the leukocytes

at the tubal ectopic site wit the associated intrauterine decidua, the numbers of T cells and
macrophages were simil@r1). A review by Wang et al. compares the percentage of leukocytes that
are NK cells, macrophages and T cells in the decidua of a eutopic pregnancy and TEP. NK cells are
shown to make up td0% of the immune cells present in the decidua but only about 5% of immune
cells in TEBG6). In contrast, macrophages and T cells each account for up to 20% of immune cells
present in decidua, whereas in TEP they each account for up to 50 % of immune cells (@@sent
Wang et al. propose the phenotype of macrophages in eutopic pregnamtcyBP to be different; in
eutopic pregnancy macrophages have an M2 phenotype which causes maternal
immunosuppression, aids in the remodelling of the extedlular matrix, promotes vascular

formation and regulates trophoblast invasi¢6). The macrophages in TEP are suggested to be of

an M1 phenoype which create a prmflammatory environment and decrease contractility of

smooth muscle cell66). However, Wang et al. also detail previous studies that argue that
macrophages found in TEP have an M2 phenotype, which is necessary for immunosuppression thus

facilitating implantation(66).
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2.6.4Cellular Markers Associated with Decidualisation

Various cellular markers were investigated in thedges included in this review. In particular,
activins have been mentioned in three research articles and MUCL1 in two. Refaat et al. suggest that
activins have a paracrine and autocrine action inffiein the endometrium, decidualisation is
facilitatedby activins increasing the expression of matrix metalloproteiné®®f The increased
expression of activins in tHeTcontaining an EP, when compared to secretory phase tubes, is
considered pathologic; it is suggestive of tubal decidualisation because aetigirgised in the
normal endometrium during the luteal phase as part of normal decidualisé82n83, 89)

MUC1 is upregulated in the epithelial cells of the luminal and glandular epithelium of the
endometrium and tubal epithelium during the secretory phase, where it acts to prevent the
conceptus from implantin@y repelling it(89). MUC1 was decreased in tubal ectopic pregnancies,
which the authors Refaat et al. suggest indicates possible receptivity ¢fTtiosvards the embryo

(84, 89) It is worthy of mentioning that the studies focused on activins and MUC1 were all by the
same research group (as indicdtby the first and second authors Refaat et al andZdmi et al)

and were interrelatedtherefore, they have not been repéited by other researchers yet.

The studies by Refaat et al. also investigated the action of follistatin and the presencecadxide

in tubal ectopic pregnancy. The results indicated that the expression of activins and follistatin might
play an important role in the pathogenesis of ectopic implantation but not necessarily in
determining the site of implantation. The authors pose that the increased production of nitric

oxide was indicative of a pathologic relaxation in the smooth muscles dfTtieat would prevent
adequate movement of the embryo along tR& which in turn could increase the chance of an
ectopic pregnancy82, 83, 89)This theory is supported by a similar finding whereby the embryo was
located in the same place aglacidualpolyp in the tube Wist et al.suggesthat the tubal

obstruction prevented the embryo from moving through the tube and therefore caused a tubal
ectopic pregnancy68). Wist et al. also add that the decidual reaction shiblbe considered a result

of pregnancy and not the cause of the TE®).

Inan et al. hypothesise that the increased expression of integrins and fibronectin may cause TEP
because of their role in the endometriahplantation. Integrins are a sufroup of celadhesion
molecules and are involved implantation; insufficient expression of integrins in the endometrium is
associated with the absence of the luteal phase and infelfl@y Fibronectin is a ligand for

integrins that is present at the implantation site in the endometrium and has a key role embryo

implantation after the embryo &s adhered to the maternal tiss(i#6). The study by Inan et al.
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proposes that integrins and fibronectin, which are consideredessary for uterine implantation,

have also been shown to be present at the tubal ectopic pregnancies indicating that they may have a

role in tubal implantatior{(76).

Human decidua associated protein (hDP) 200 is an immunoglobulin that was initially detected in

early-pregnancy decidu@6). Halperin et al. state it is not present in peripheral circulation and so is

considered to have a local function. The precise role of hDP 200 is unknown but it is thought to have

a role in implantatio(86). HDP 200 was present in significantly higher levels in the tubal fluid of

tubal ectopic pregnancy than in nornfal, indicatinga possible association with the implantation

site (86).

Astudy byJi et alincluded acompaison inthe expression of oestrogen receptors (ER) and

progesterone receptors (PRetweennormal midsecretory tubes and TEP, at theesdf the

implantation and away from thets of implantation. The resulsuggested a decreased expression

of ER and PR at thsite of implantation when compared &xpression away from the site of

implantation and in secretory phase tubes; the expression of ER and PR in the latter two groups was

similar.Staining of ER and PR was mainly confined to the epithelial nuclei, aisdlgpa the tubal

stroma(81)
2.7 Thematic Analysis Summary
Number of
Papers Theme
Contributing
PostPartum Tubes Show Decidualisation
1  Ectopic decidua had been reportedhiiin association with both intrauterine and ectopic pregna(@$70, 73, 74,
8 78, 85, 88)
1 Postpartum tubal decidua is thought to naturally resolve following puerper{idg)
1 Deddua noted in the tube is found in the stromal compartment of 70, 85)
Ectopic Pregnancy and Tubal Decidualisation
12 1 There is evidence that decidua is present at the site of implantation of tubal ectopic pregnancies, though this w.
rare occurrence in tubal ectopi¢67, 73, 75, 81, 86)
1 There is also evidence for a lack of decidual reaction in tubal ectopic pregi&h&2, 76, 77, 79, 80, 88)
Leukocyte Distribution in the Fallopian Tube
6 1 T cells are the most common leukocyte in #E44, 66, 67, 71, 87)
1 Virtually absent Natural Killer cells in both norrRd@land in tubal ectopic pregnancy is an important difference in
comparison with the endometriur(88)
Cellular Markers Associated with Decidualisati¢n6, 8184, 86, 89)
1 Expression oER, PR andUC1 are decreased in tubal ectopic pregnancy
7 1 Expression of integrins, human decicassociated protein 200 and fibronectin are increased in tubal ectopic
pregnancy
1  Activins may play a role in the decidualisation of Hi&and the pathogenesis of ectopic pregnancy
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2.8Discussion

The objective of this review was to compile the available evidence regarding the potentialféF the

to undergo decidualisation. The results showed thahave the ability to undergo stromal
decidualisation under specific circumstances. However, unligetidometrium, where

decidualisation is a universal phenomenon in the secretory phase and with embryo implantation, in
the FT, decidualisation appeato be a relatively a rare occurrence and it is not entirely clear how or

why this occurs.

In the endometium, decidualisation occurs during the luteal phase of each menstrual cycle and is
modulated by fluctuations in the ovarian steroid hormones, oestrogen and progest€dondn the
absence of an embryo, this superficial layer is shed during the menses. Endometrial decidua can be

characterised by its phenotypical changes, molecular markers, and its unique immune cell profile.

In the luteal phase, these in progesterone level stimulates a chain of reactions in the endometrial
stromal cells, causing an increase of expression of multiple genes, including the classical markers of
decidual cells; prolactin and insulike growth factor binding protein {GFBR) (91). Endometrial
receptivity also involves the presentation of adhesion ligands and simultaneous loss of inhibitory
factors that prevehembryo attachmen{(36). The phenotypical changes of the endometrium include
vascular remodelling, where an increase of spiral arteries is noted; there is an influx of uterine
natural killer cells; and the morphology of the endometrial stromal cells differentiate frongeted

to rounded, hypertrophic morpholog§82, 92) The decidual cells have the following defining
characteristics: a large round nucleus, a high number of nucleoli, secretory granules bound to the
membrane, accruing of glycogen and lipid droplets in the cytoplasm, and an extensive rough
endoplasmic reticulum and Golgi complex; these characteristics are very similar to epithelioid cells
(32).

The endometrial decidual changes are also closely linked with the changes in the immune cell
composition; the immune cell population is alsgulated by ovarian steroid hormones indirectly
(44). There is a fivéold increase in leukocytes during the secretory phase, of which the most
notable change is the significant increase of uterine natural KililNK) cells in the late luteal phase;
uUNK cells account for approximately 70% of the total leukocyte populé&@@m4, 88, 93)
Additionally, the number of macrophages, neutrophils and, to a less extent, mast cells and
eosinophils increase from the follicular to the luteal phase. However, T cells do not show a
signficant fluctuation across the cycle and, like B cells, are not present in large numbers in the

endometrium(44).
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During pregnancy, CD56+ uNK cells and macrophages are the most abundant leukocyte found in the
uterine decidua, making up 500% and 20% of the total leukocyte population, respecti(@dy.

The review by Wang et al. suggests that uNK cells are involved in controlling the invasion of the
trophoblast, angiogenesis, and preventing infecti@®8). Macrophages also provide an
immunosuppressive function as well as promoting ECM remodellasg.ular formation and

assisting in the formation of the placen@6). Cytotoxic cells, T regulatory cells and dendritic cells

also have functions, such as mediating the cytotoxic response and presenting antigens in the decidua

but are present in much smaller numbégst, 66)

As identified in this review, thETalso has the capacity to undergo decidual changes although the
prevalence of tubal decidualisation is unclear. The jpastum tubal decidual reaction, as
mentioned by Markou et al., is becoming an increasinglymonobservation(78). However, itis
thought to resolve spontaneously and, therefore, is unlikely to be a causal factor in ectopic
pregnancy. Irrgsectively, this observation shows that tiRGhave the ability to decidualise under
specific circumstances. One explanation that has been offered is th&Te more sensitive to

the high concentrations of progesterone produced by the placenta compardte relatively lower
levels produced by the corpus luteum, and that is why decidual changes KT #ssociated with
intrauterine pregnancy are present in the later stages of pregnhancy and therefore during the

postpartum period73).

It is important to note that thehormone responsiveness of the tubal mucosa is proposed to be
different to that of the endometrial cells, and the dynamic changes in the expression of steroid
hormone receptors was not observed in healthy premenopausal tubes when compared with the
eutopicendometrium(56). The relative hormone resistance of the tubalcosal would prevent
initiation of decidualisation, but in the instance where the hormone responsiveness of the cells are

changed, decidualisation can occur favouring tubal implantation of the embryo.

However, this would not account for the decidual réaic seen in tubes that contain or are
associated with ectopic pregnancy (as the contralateral tube would@®)73) Furthermore, here
has not been studies &fTin early pregnancy in the context of an itngerine pregnancy to confirm
that this is only a late preghancy related event. For obvious reasons access to such material is
limited. The intrauterine pregnancy and large plaeeaf ongoing intrauterine pregnancies produce
many endocrine agents and they may influence tubal mucosa inducing decidual changes.
Interestingly there had not been publications describing the tubal changes with exogenous

progestogens which usually induaalecidualisation reaction in the endometrium. Therefore,
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further studies are needed to conclude on the ability of decidualisation in ndfifetd specialised

circumstance to conclude on this aspect.

Endometrial receptivity is the period in which the et can implant, and it can have degrees and
types of abnormality{35). In parallel, extravillous trophoblasts are thought to switch from the
differentiating phenotype to the invasive phenotype, which is thought to ocaependently of the
maternal environmen{72), meaning that the embryo could begin to invade any tissue it is in contact
with when this change occsrr This postulation is acceptable considering the observations of albeit
rare but ectopically located pregnancies including abdominal pregnancies. However, decidual
reaction is reported in peritoneal cavity and on the ovaries, thus if such pregnancigsootgin

the presence of decidualised tissue in those locations or not is not clearly examined. This hypothesis
is also supported by evidence showing that tubal ectopic implantation may occur due to stagnation
of the embryo in thd=T(68, 89) hence the prolonged exposure of thdto the secretory products

of the embryo might make thETsomewhat receptiveHowever, stagnation of the embryo in the FT

in the study by Wist et al. occurred due to the presence @éeidualpolyp (68). Interestingly,it has

been detailedby Vang et al. thapseudoxanthomatous salpingitis looks similar, anduld not be
mistaken fordecidualisation of the FT mucogi). As the study by Wist et al. was published in

1954 it could bespeculatedhat the multiple decidual polyps were in faexpanded plicae due to

the presence of numerous histiocytésd). Even so, olyp in the FBuggests an aberration of the
tubal mucosa reflectingncreased proliferatin, a normally quiescent tubal mucosa, which may
promote implantation of an embry(6). The presence of certain molecular markers such as activins
and the loss of MUC1 also support the theory that the tube has begmmaissiveo an implanting

embryoas it possibly loses repulsion functionalig, 89)

The immune cell profile of #FTis similar to that of the endometrium, with the exception of the
increased number of T cells and lack of uNK cells. The absence of uNK leukocyt&d ailolnes
over-invasion of the extra villous trophoblagfg2), which could be a reason for the rupture of thé

in ectopic pregnancy. Unlike the endometrium, the immune cell profile oFffenes not seem to
change in response to an embryoplanting. This again is likely to be a reflection of the relative
resistance of the tubal mucosa to the steroid hormo(®8). Rango et al. antee et alidentified T
cells,followed by granulocytes and macrophagesht@smost abundant leukocytes in the healthy FT
(44, 71) This is similar to the proliferative phase endometrial immune profile as describédllg-
Juanicowvhereby the most abundant leukocytese T cells followed by macrophages and uNK cells
(94) though uNK cells are virtually absent from tubal mud@4a Particularly in the two

aforementioned studies by Lee et al. and Rango et al. it was not detailed whichgftthse
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menstrual cycle the Rlere associated t¢44, 71) which possibly reflects an assumption thla

immune profile ofFT does not change cyclically.

Overall, there is insufficient evidence to elucidate the mechanism by which implantation occur in the
FTas most of the available studies#r2 of the 25 studies included in this revigare

observational. Therefore, it remains difficult to find a causal relationship between factors influencing
the implantation process. This reflects a chicken and egg situation, where it is hard to conéitm wh
came first: the embryo expressing the invasive phenotypa pre-existingreceptiveFT.

Additionally, the association of ectopic pregnancy with many risk factors, such as prevaugery

and pelvic inflammatory diseaf&?)is wellestablished, howevethe systematic search did not

identify any literature exploring decidualisatiomdamaged FTn addition, there is &ck of studies

regarding decidualisation in tHeTduring the menstrual cycle.

Limitations of this scoping review were that only papers in English were included, and grey and

unpublished literature was not included.

2.9Conclusion

TheFTcan undergo decidual changes under specific circumstances. These may include prolonged
exposureto high levels of progesterone (and or placental production of cytokines) or the prolonged
exposure to a conceptus. The presence of decidual cells in tubal ectopic pregnancy is still a poorly
understood subject, and many questions are left unanswered. Megsearch surrounding
decidualisation of théTat different points of the menstrual cycle and following damage would help
to bridge the gap of knowledge in understanding the pathophysiological mechanism of

decidualisation in thé&T.

Further researcltould explorethe expression of different aspects of the healthy and damaged FT
physiology and pathophysiology, respectively, duringrttenstrual cycle. For example, literature
exploring thecyclical expression of decidualisation markers in healthydtld provide more insight
into the response of the FT to ovarian steroid hormones, compared to cycling endometrium.
Additionally,receptivity markersproliferation of the tubal mucosand the immune profile of

normal and damaged tubes could be explored in proliferative and secretory phase FT. This would

provide greater insight into thanfluence the FT have on the occurrence of TEP.
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Chapter Materials and Methods

3.1Ethics

Colkection and use of all tissue samples used in this study was approved by Liverpool Adult Ethics
Committee(REC references 19/WA/0271 and 19/81R). Informed written consent was obtained

from all participants.

3.2Sample Collection arlerocessing

3.2.1Inclusion and Exclusion Criteria

CKSNE 6SNB Gg2 LI GASYG 3INRdAzZLIA Ay Of dZRSR Ay GKAA 3
theatre listsof patients undergoing hysterectomies with bilateral salphogphrectomiesusing the

inclusian and exclusion criteridetailed in Tabl®. All researchers involved in consenting aadnple

collecting had completed Good Clinical Practice (GCP) training.
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Table6 Principal Inclusion & Exclusion Criteria

Study Group Inclusion Criteria Exclusion Criteria
Healthy FTPremenopausal | § Normal cycling female 1 Postmenopausal female
Population 1 Undergoing hysterectomy | {1 Malignant growth in the

for nontubal pathology endometrium and/or FT
1 Salpingectomy 9 Tubal pathology
1 No hormonal treatments in| § Has receivethormonal
the 3 months prior to the treatments in the 3 months
operation prior to the operation
1 Able to give written (includes Mirena
informed corsent intrauterine device)
1 Pregnant
1 Menstrual phase
endometriumon
histological examination
1 Unable to give written
informed consent
Damaged FT 1 Normal cycling female 1 Postmenopausal female
(PremenopausalPopulation| § Salpingectomyor tubal 1 Malignant growth in the
pathology endometrium and/or FT
9 No hormonal treatments in| § Has received hormonal
the 3 months prior to the treatments in the 3 months
operation prior to the operation
1 Able to give written (includes Mirena
informed consent intrauterine device)
1 Hydrosalpinx 1 Pregnant
1 Endometriosis 1 Menstrual phase

endometrium on
histological examination
Unable to give written
informed consent

3.2.2Types of samples collected

Biopsies were collecteilom women undergoing hysterectomy with bilateral salpirguphrectomy

for benigngynaecological conditions who had not taken hormonal medications for at leasnghs

prior to surgery The architecture of the tissuegasassesse@dnd included ithe endometrial tissue

had a visibléuminalepithelium and stratum functionalis, and tl&had a visiblepithelium and

stroma(Figure 1).
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ENDOMETRIUM FALLOPIAN TUBE

LUMINAL EPITHELIUM

MYOMETRIUM

MYOSALPINX

Figurell Representative images of secretory phase endometrium and FT; the endometrial sample is
part of a full thickness samplehare the luminal epithelium and stratum functionalis are visible, the
FT samples has a visible epithelial and stromal layer

3.2.3DatingEndometrial Samples

All endometrial samples were dated by experiencedhistopathologist The dating criteria by Noyes
et al.(95)is considered to be the gold standard for the luteal ph¢@®. Hallmarks of the
proliferative phase, as described by Dallenbét#iweg et al. include: sparse distribution of glands
in the endometrium, poorly differentiated stromal cells, and a flat luminal epithel@m Key
changes in the secretory phase glandular epithelium include: secretions in the lumen, pseudo
stratification of the nuclei and formation of vacuoles the basal side of the glandular cells and
mitosis(95). In the stroma, the key changes include: decidualisation of stromal cells, first evident

around arterioles, stromal oedema and leukocyte infiltrat{@5).

3.4Immunohistochemistry

3.4.1Background

Immunohistochemistry (IHC) is a method @ualsing the distribution of specific antigens in tissue

samples using monoclonal or polyclonal antibod&3). The method utilised in this thesis was a

two-step Vector InmPRESS reagent kit and Vector InmPACT Horseradish peroxidase (HRP) substrate

(detailed inTable 7 to identify specific proteimoleculeswithin the tissues.

To produce the initial antibodfpr polyclonal antibodiesan animal is exposed to a particular human
antigen and the antibodies it produces are isolated; this is the primary antif@gjyWhen applied

to the desired tissue in the laboratory settirtge antibodybinds to the respective antigefi00)To
amplify the detection of the antigen a secondary antibody targeted against the primary antibody and
labelled with an enzyme substrate, is added,; in this method secoraddityodies were labelled with

horse radish peroxidag¢iRB. Lastlythe enzymespecific substrate is added which results in a
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coloured precipitate forming, making the location of the initial antigen visible. Figlibelbw

demonstrates this process.

Add Primary Antibody

Figurel2 Staining Procedur¢l01)

Add ImmPRESS™ Reagent Add Enzyme Substrate

Monocloral antibodies are the result of antibodies produced from a single, immortalised B cell pool

that are specific to onepitope (99).

3.4.2Tissue Processing and Paraffin Embedding

Biopsies are routinely taken during surgical procedures for histopathological analysis, and secondary

to this tissue samples catsobe used in research. To enable storage of tissue for an indefinite

period of time,it is infused with anéégmbedded in parfiin wax. To process the tissue for paraffin

embedding, it is first fixed in formalin, dehydratedan ascending gradient of ethanol, cleared with

xyleneand finally saturated with paraffin wax using an automated processing machine (Shandon
Citadel 1000Thermo Electron Corporation, CA 1390 EO GDa&ble 7.

Table7 Citadel Tissue Processing Schedule

Reagent Time (min)
4 % formalin neutral buffer 45
60 % Ethanol 60
70 % Ethanol 60
90 % Ethanol 60
100 % Ethanol 60
100 %Ethanol 90
100 % Ethanol 120
Xylene 1 60
Xylene 2 90
Xylene 3 120
Wax 1 150
Wax 2 210

After the samples were removed from the processor, they were embedded in moulds making them

suitable forsectioning(Shandon HistoCentre 3 Embedding Station ThermoFisher). The histocentre
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was also used for rembedding tissue in the case of cracked paraffin blocks, iastancesvhere

the tissue needed to be reoriented.

3.4.3Cutting Paraffin Sections

Embedded samples needed to be cut into thin sections to allow for staining by
immunohistochemistry. Sections were cut usaiglicrom HM 335 rotary microtome. The paraffin
blocks were placed a0 °C for 15 min, or until cold to the touch, prior to cuttiSgquential
samples were then cut at 3 microns*, which were often still attached to one another forming a
ribbon of sections. The ribbon was carefully floated onto awaemed water bath of 4@C using
forceps and separated into single section. The sestiwere then floated ontaminopropyl
triethoxy silane (APES) coatgldissslidesand left to dry overnightln accordanc&ith good
laboratory practiceall slides from the same sampee placed in thesame orientation and
numbered in the same sequenasthey were cut. The slides were then placed onto drying eak
left to dry overnight at room temperature.

*New tissue bocks were trimmed by cutting 10 micron sections until excess paraffin was removed

and the tissue was visible on the surface of loheck.

3.4.4Preparation of Slides
Slides were baked prior to dewaxing and staintodhelp adhere the sections to the glass slidbis
wasachievedy placinghe slidesnto the Section Dryer Model E28.5 at&Dfor 1 h or at 48C

overnight.

3.4.5Dewaxing

Slides were placed into a slide rack and prepared for staining 4magfinization using xylene and
rehydration usingn ethanolgradient(Table 8, before placing them into a clean staining dish
containing tap water.

Table8 Dewaxing and Rehydration Protocol

Dewaxing Solutions Time (min)
100% Xylene 1 10
100% Xylene 2 10
100% Ethanol 1 5
100% Ethanol 2 5

90% Ethanol 1
70% Ethanol 1
Water -
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3.4.6HeatBased Antigen Retrieval

When tissue samples are processed with formalin, proteins are-tirded and thus stabilisedin

parallel antigen epitopes and electrostatic charges are also modified. This often prevents antibody
antigen interactionsesulting inweak or falsenegativestaining. Antigen retrieval allows the

paratope of the antibody to interact with the antigen by restoring the epitope; in particular, heat
causes the croslinks to come undone, revealing the epitope; they are then maintained in that state
using a buffesolution.

A 10mM solution of citrate buffer, pH 6.0 was prepared and added to a pressure cooker for heating.
The slides were placed into the buffer after it was brought to a rolling boil and heated for 3 min after
the pressure cooker began to vent. Thelsti were then cooled rapidly and transferred briefly into

tap water, and then placed into a Schieferdecker jar containingbtrffered saline (TBS) (s&able

12for reagent information).

3.4.7Immunohistochemistry

The tissue samples were immersed in TS min and then incubated in 0.3 % (v/v) hydrogen
peroxide (HO,)/TBS for 10 min at room temperature to block endogenous peroxidase activity. The
0.3 % HO,/TBS solution was then decanted and replaced with TBS for a further 5 min. A
hydrophobic marke(Daido Sangyo Liquid Blocker Pen) was used to draw around the sssiens

to keep the reagents on and around the tissue; for slides with more than one tissue section,
encircling the individual sections allowed different antibodies to be applied osahe slide.
Subsequently, 2.5 $6/v] normal horse serum (Vector labs, Burlingame, CA94010) was applied to
the tissue samples for 20 min at room temperature in a humidified chamber to limispenific

binding of antibodies. Next, the serum was tapped off and the primary antibody was apptiddft

to incubate as required (Tab®; the volume used ranged between §A00>| depending on the

size of the tissue sampléntibodysolutionswere made up using TBS / 0.5 % bovine serum albumin
(BSA) as diluent (s@&ble 1Zor reagent information).

Following primary antibody application, slides were washed twice for 5 min in TBS. After removal of
excess TBS, the slides were placed into the humidified chamber and the secondary antibody (Table
9) was applied for 30 min at oon temperature; the samples were then washed again in TBS twice

for 5 min.

Next, excess TBS was removed from the slides, and they were placed into the humidified chamber to
I LILJ @ GKS o0Qo RA Tald 1y gilated yhisubstrate/sSlutionF30D). The DAB

solution was left on the slides for exactly 10 min after which they were immediately immersed in tap
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water to stop the reactionthe volume used ranged between §A00>| depending on the size of

the tissue sample.

Slides were counterstainealith Gill Il HematoxylinTiable 12 to aid in sample visuatition. The

slides were immersed in hematoxylin for 90 s and briefly washed with water; then they were briefly
dipped in acid alcohol (1 % HCI / 69 % EtOH / 3e0@%tH reduce the intensity ohe hematoxylin

stain. Next, slides were blued in running tap water for 5 min. Gill I Hematoxylin can be progressive
or regressive depending on the time of incubatipim the case of this protocol it acted as a

regressive stain, i.e. overstained the sae®l
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Table9 Primary Antibody Information

Antibody Dilution Host Species Antigen Retrieval Time Blocking Incubation Supplier Supplier Code Clone
3 minutes Horse serum 40 # Santa Cruz
IGFBP1 1:200 GoatPolyclonal IgG ) _ C2813 M-19
Citrate pH 6.0 (2.5 %) overnight Biotechnology
_ 3 minutes Horse serum 40 # Santa Cruz
Prolactin 1:200 Goat Polyclonal 1gG ) _ _ C3116 Gi17
Citrate pH 6.0 (2.5 %) overnight Biotechnology
_ 3 minutes Horse serum 40 #
Ki67 1:200 Monoclonal Mouse ) _ Novocastra NCEL-Ki6#MM1 MM1
Citrate pH 6.0 (2.5 %) overnight
Androgen 3 minutes Horse serum 40 #
1:75 Monoclonal Mouse ) _ Dako M3562 AR441
Receptor Citrate pH 6.0 (2.5 %) overnight
_ 3 minutes Horse serum 40 #
FOXD3 1:1600 Polyclonal Rabbit ) _ Abcam ab64807 N/A
Citrate pH 6.0 (2.5 %) overnight
3 minutes Horse serum 40 #
FOXO1A 1:500 Monoclonal Rabbit ) _ Abcam ab179450 EPR12021
Citrate pH 6.0 (2.5 %) overnight
3 minutes Horse serum 40 # 2B11,
CD45 1:100 Monoclonal Mouse ) _ Dako MO0701
Citrate pH 6.0 (2.5 %) overnight PD7/26
3 minutes Horse serum 40 #
CD56 1:50 Monoclonal Mouse ) Novocastra NCLEL-CD561B6 1B6
Citrate pH 6.0 (2.5 %) overnight
3 minutes Horse serum 40 #
CD68 1:1000 Monoclonal Mouse Dako MO0876 PGM1
Citrate pH 6.0 (2.5 %) overnight
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3.4.8Mounting

To visualise the samples under the microscope they must first be dehydrated and mounted. This was
achieved bysequentiallyincubating them in 70 % ethanol, 90 % ethanol 100 % ethanol and xylene
(Table 10

Tablel0 Dehydration Protocol

Dehydrating Solutiong Time (min)
70% Ethanol
90% Ethanol

100% Ethanol 1
100% Ethanol 2
100% Xylene 1
100% Xylene 2 10

g W wW| k| .

Following dehydration, each slide was individually removed from the xylene, emasult was

applied and an appropriately sized coverslip was placed on top, covering the tissue; slides were left
to dry in the fume hood overnight.

Slides were scanned a®¥ magnification using the Aperio Slide Scanner (Leica Biosystems) and the
images were viewed on Aperio Image Scope version x64 (Leica Biogystatas were also viewed

using an upright Nikon Biophot Microscope (Nikon, Japan).

3.4.9Haematoxylin anddsin Staining (H&E)

H&E is a method of staining tissue samples to visualise the structures present. Using this method cell
nuclei and intranuclear components are stained a blue / black colour with haematoxylin, and
connective tissue fibres and cell cytogtastain in different shades of pink with eosin.

Paraffin blocks were sectioned, left to dry overnight and then dewaxed and rehydrated. They were
then transferred into haematoxylin, washed till the water ran clear, briefly dipped in acid alcohol and
then left under running tap water to blue. They were then transferred into increasing concentrations
of alcohol, followed by aqueous eosin (SEgble 1Zor reagent information) and then dehydrated.

The full protocol is detailed ihable 11 After dehydration, slides were mounted with consul mount

(as in IHC) and left to dry overnight prior to visualisation with a microscope or scanning.
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Tablel1l H&E Staining Protocol

Dewaxing Solutions Time
100% Xylene 1 10 min
100% Xylene 2 10 min
100% Ethanol 1 5 min
100% Ethanol 2 5 min

90% Ethanol 1 min
70% Ethanol 1 min
Water 2 min

H&E Solution
Gills 2 Haematoxylin 90 s

Water Rinse until water runs clear
Acid Alcohol 1% HCI / 69% EtC brief
Water 5 min
70% Ethanol 30s
95% Ethanol 30s
Eosin Y (aqueous) 4 min

Water 2 x rinse
Water 2 min
Dehydrating Solutions

95% Ethanol 30s
100% Ethanol 1 1 min
100% Ethanol 2 1min
100% Xylene 1 5 min
100% Xylene 2 10 min
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3.4.10Reagent Information

All specific reagent informatiois detailed inTable 12below.

Tablel2 Reagent Information

Reagent Reagent Components| Supplier Supplier Code
TBS (Tris buffered 1. 6 g/L Trizma base | SigmaAldrich 1.7T1503
Saline) 2. 6.7 g/L NaCl 2.57653
pH=7.6 3. HCI

BSA (bovine serum N/A SigmaAldrich A3808
albumin)

30% HO, (hydrogen N/A SigmaAldrich H1009
peroxide)

ImMMPRESS Horse An Vector Laboratories | MP-7402
Mouse IgG Polymer N/A

Kit, peroxidase

ImMMPRESS Horse An Vector Laboratories | MP-7401
Rabbit IgG Polymer N/A

Kit, peroxidase

ImMmPRESS AsHioat Vector Laboratories | MP-7405
lg Reagent Kit, N/A

peroxidase

ImmPACT DAM Vector Laboratories | Sk4105
Peroxidase Substrate N/A

Kit

Shandon Gill 2 Thermo Scientific 6765008
Haematoxylin /A

Shandon Consul Thermo Scientific 9990440
Mount A

Shandon Eosin Y N/A Thermo Scientific 6766010

3.4.11Controls for Antibodies
A positive control is &issue that is known to have the target antigen present and is used ensure the
effectiveness of the antibody. Maternal and foetal placental tissue were the positive controls for

FOXD3, prolactin and IGFBP1 (Fig@)eSince the other antibodies used indlstudy have been

75



used extensivelin published manuscriptst was not deemed necessary to have a positive control

for the remainingantibodies.

IGFBP1

PRL

FOXD3

Y 4 B i & ¥

Figurel3 Representative Images of Control Tissue Immunostaining for IGFBP1, PRL and FOXD3

The negative controls used were isotype controls. ddwcentration of the isotypes useaslthe
same as the antibodigbat will be usedn the experimensto ensurecompardive representation of
non-specific stainingFigure # demonstratesexamples omouse and rabbiisotype control

antibodiesused in this thesis.
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Figurel4 Isotype controls for mouse and rabbit monoclonal antibodies; scale bar 200 microns

An internal control was used when repeating an antibody IHC run to ensure the staining was

comparable between the two runs.

3.4.120ptimising Antibody Dilutions
Forantibodies that had not previously been optimised, serial dilutions of the antibody were tested in
a positive controtissue and a concentration was chosen based on the most appropriate staining

intensity.

3.4.13Sample Calculations

The calculations dailed below were used to find the volume of antibody needed for each IHC run.

IHC runs had different numbers of samples, as well as differing sizes of the tissue sample. First, the

final volume of solution needed was calculated by assessing how muclorolgs needed per

tissue sample and making up enough for at least one more section than necessary. In most runs, the

amount of solution for each slide was §A00>I, however within each IHC run the amount needed

per slide was the same. Then volume ofilbody needed was calculated by multiplying the

concentration the antibody should be used at, by the final volume of solution needed.
L0t ong 0 falrmd <o H0: 0 gl Tt <

2 40: 0a |- < - Fu"ull - tano O w0 Rihee >
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3.5Data Analysis

3.5.1Immunohistochemistry

Chromogenic immunostaining was scored based on the extent and intensity of DAB precipitate in
each tissue section. Different scoring methods had to be used to quantify the staining according to
whichantibodywas being score(lTable 13. A quickscore methwas used for antibodies where

the subcellularexpressiorof a protein was being quantified. A percentage positive method was used

wherethe number of cells expressing a proteias quantified

Tablel3 Scoring Method for Each Antibody

Antibody Scoring Method
IGFBP1 Quickscore
Prolactin Quickscore
Ki67 Percentage Positive
Androgen Receptor Quickscore
FOXD3 Quickscore
FOXO1A Quickscore
CD45 Percentage Positive
CD56 Percentage Positive
CD68 Percentage Positive

3.5.1.1Quickscore

Quickscore analysis is a method used to quamtifiypmogenicstaining of the tissue taking into
consideration the different staining intensities and the percentage of the tissue stained at those
intensities, respectively102)

The first step was to scan all of the slides at 40x magnification. Images were then appraised to assess
the overallimmunaostaining across the cohort. Bleeloured areas of the tissue were considered
negative and brown stained areas were considered positive. The nuclei and cytoplasm of the cells
were scored separately. The overall tissue was also split into 3 compartments: luminal epithelium,
functional stoma and functional glands.

The intensity of the staining was classified as:

T €8 0®QE Qe Q

P VLQAD OQE QE Q

¢ G €& QQIicmodIQE Q¢ "Q

o [ 01 §0BNQE Qe Q

The percentage of the tissue compartment stained was aaiegd as:

YOLEER, TPOQI i 0Q0NEQQ

YOEETR] W OQii 6000 QQ
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To calculate the final score the staining intensity was multiplied by the percentage of tissue stained.
This means that the highest possible score is 12 = 3 (strong staining) x 4 (100% of the tissue

compartment stained).

Typicdly, the staining varied across the sample; below is an example of the Quickscore method:

Sample Luminal Epithelium Nucleus Staining
0 = none 1=weak | 2=moderate | 3= strong score
Example001 2 1 1 3
Example002 1 2 1 3

Example001 Calculationmt ¢ p p ¢ p O mT O

Example002 Calculatiormt 1t p p ¢ ¢ o p Uy

The scores were recorded using Microsoft Excel in a spreadstmadysed for statistical significance
using the software IBM SPSS StatisticElP3) and presented graphically using Origin version
2020b.

3.5.1.2Percentage Positive Staining

Percentage positive staining was used for antibodies that stained specifiarngitee aim was to

guantify the percentage of such cells present in the overall tissue. The number of cells present in the
viewing field were estimated and the number of cells stained were counted; an average of 5 viewing
fieldsat 40x magnification werased. The percentage of positive staining was evaluated for

different tissue areas separately. For th€ the tissue compartments were luminal epithelium and
stroma. For the endometrium the compartments were luminal epithelium, functional stroma,
functional glands and myometrium.

The scores were recorded in a spreadsheet, analysed for statistical significance using the software
IBM SPSS Statistics(@D3) and presented graphically using Origin 2020b.

3.5.2Statistical Analysis of Data

3.5.2.1Excel Dat®rganisation
Excel was used to record sample scores. Initially, the cycle phase was not included in the
spreadsheet for the scoring of proliferative and secretory samples; the endometrial cycle phase was

input after the samples had been scored to prevelatstin scoring. For the percentage positive
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scoring, bias was less likely to occur as counting is less subjective than scoring the intensity of a stain.

The final scores were then copied into Origin and SPSS Stdtif@)for analysis and presentation.

3.5.2.20rigin version 2020b

Origin is a software that facilitates creating visual representatadrdata. It has a vast range of
functions but for the purpose of this study, it was mainly used to make box plots. Adioxgd

made using the indexed grouped box charts function, and the figures were formatted to show the
desired information. Each compartment score was plotted individually to allow for easy comparison

of the study groups.

12+
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o 8 %750
5 25%~75%
2 T Min~Max
< 6 ( O Mean
5 ; U e O Median
O 4 . ¢ Data

: o Oo o
24 &

Proliferative  Secretory

Figurel5 Box plot showing FOXO1A cytoplasmic Quickscores in proliferative and secretory functional
glands

For example, ifrigure B above the compartment scoring refers to that of the functional gland
cytoplasm for the presence of FOXO1A, and the compared gialips are the proliferative versus

secretory phase endometrium.

3.5.2.3Statistical Analysis in IBM SPSS Statistics 27

Statistical analysis was carried out using the SPSS Statistics software. To create the correct

ALINBI RAKSSG GKS wadirstNdkntaidet; he fisk réng which delaeS to the first

columninthed RI i I ¢®xSdd DSttt SR da aaddzReaINRdzLE FyR (KS
4dz0aSljdz2Syd Nerga oSNB t1F06SttSR 6AGK F00oNBOAIGA2Y 3
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first column and the corresponding scores in the parallelroolst

Finally, the norparametric test on independent samples function was opened, the columns

O2y il AyAy3a a02NBa ¢SNBE aSd a a¢Sad CAStRag FyR
U-test was run. This produced a table detailing thegtue foreach compartment and whether the

null hypothesis should be accepted or rejected. The significaaiues were then added to the

graphs in Inkscap@ 04)

3.5.2.4Compiling Figures in Inkscape

Inkscapg104)is a vector graphics software that was considered appropriate as it has a variety of
functions for making a wide range of figures which can be exported in multiple formats including as
vector images. Inkscape wased to compile all figures presented. Graphs and images

imported into Inkscape wherthey wereformatted, labelled, compiled into figures and then
SELRNISR da AYF3ISa&a | yRk2NI t5CQad
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Chapter 4nvestigating Markers of Decidalion in

Matched FHdopian Tubes and Endometrium

4.1Introduction

The uterus and fallopian tube (FT) have the same embryological origin; they are a product of
Mullerian organogenesi9). However, they provide very different functions in the female genital
tract. Briefly, the FT are involved in the transport of the ovum or embry@reas the functioof

the uterusis to allow conceptiomnd pregnancy establishme(®9). The cyclical changes that take
placein the uterus includedecidualisation of the endometrium, making it receptive for an embryo

to implant(33, 36) A scoping review was conducted to gather evidence surrounding decidualisation
of the FT as a pathophysiological mechanism by which ectopic pregnancies occur. The conclusion
was that there is a lack of literature erpihg the presence of decidual markers in FT during the

menstrual cycle.

The decidualised endometrium can be characterised by proteins that are involved in or are products
of decidualisation. In this study, four markers of decidualisation were exploneabiiferative and
secretory endometrial samples, and in the matched FT. The four markers investigated were:
forkhead box protein D3 (FOXD3), forkhead box O1A (FOXO1A)likeufirowth factor binding

protein 1 (IGFBP1) and prolactin (PRL).

4.1.1 FOXD3

FOXD3 is a member of the forkhead box proteins. There is limited evidence surrounding the role of
FOXD3 in the endometrium; the one study specifically addressing the expression of FOXD3 in the
endometrium in the proliferative, micand latesecretory phass of the endometrium showed that it

is reduced during the decidualsponse(57). A link between progesterone levels and FOXD3
expression wasidicated as the immunohistochemical study of the endometrium showed that when
there was maximum progesterone, the expression of FOXD3 was at its minimum; FOXD3 was
investigated in the stromal compartment of the endometrig&7). As a proposed master regulator

of transcription in secretory phase endometrium, nuclear laratf FOXD3 was highlighted in this

study (57).

4.1.2 FOXO1A
FOXO1A4also called FKHR) is one of the four Forkhead Box class O (FOXO) members in mammals and
it is central in the regulation of the decidual reactid®5) FOXO proteins are involved in a variety

of cellular functions such as cdlfferentiation, proliferation, and apoptos{d06) they also provide
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defence against DNA damage and oxidative st(@€6) FOXO1A in particular is one of the main
transcription factors that regulates the progesterone receptor (P&i)is necessary for the
differentiation of the endometrial stromal cel{206, 107) In previous literature, FOXO1A was
located in thdluminal epithelium and glandular epithelium nuclei, with maximum expression in the
mid-secretory phase; it was also indicated that FOXO1A down regulates PGR in the luminal
epithelium(106) Overall, it is considered to be a marker of endometrial decidualisation and to be

involved in regulating endometrial receptivigg05, 106)

4.1.3 Prolactin

PRL is a wedistablished marker of decidualisation thasiscreted in the late secretory phase of the
endometrium during the normal menstrual cycle, and during pregnancy by the de@dua08,

109). PRL is considered to have a critical role in both implantation and during pregd@&cy09)

In the pregnant uterus, decidual PRL regulates the electrolyte transport across foetal membranes
and is involved in the homeostasis of amniotic fl{ii8, 109) During the secretory phase of the
menstrual cycle, the increase in progestin drittes differentiation of endometrial stromal cells into
decidual cells, and also indirectly indse¢keir secretion of PR{109) One mechanism that has been
suggested using in vitro experiments is that progesterone induces an increase in relaxin, which
permanently increases levels of intracellular cyclic adenosine monophtsgcAMP), subsequently
activating the transcription of the decidual PRL gene and inducing PRL se(®@8)idtrevious
immunocytochemicatnalysis has showsignificantly increased PRL in secretions in the luminal
epithelium and in endometrial glands of lasecretory phase endometrium when compared to

proliferative phase samplg410)

4.1.41GFBP1

IGFBRL is another common decidualisation marker that is used émiifly decidual cell§111-113)

It is secreted by endometrial stromal cells in the late secretory phase and by decidual cells in the
pregnant endometriun{114) The proposd roles of IGFBPin the endometrium include
proliferation, differentiation and decidualisation, and affects implantation and trophoblast invasion
(112) These conclusions have been drawn from the findings suggesting the-exglession of this
molecule may cause tumorigenesis, and eggpression has been linked to miscarriage as a
consequencef the inhibition of insulin growth factor Il (IGF and subsequent excessive limitation
of trophoblast invasion on the maternal fro(it12) Literature investigating the messenger
ribonucleic acid (MRNA) coding for IGABshow that IGFBP is not expressed in the proliferative
phase endometrium but demonstrates abundant expression in the segr@thase stromal and

epithelial compartments of the endometriufi13, 115) Immunocytochemical staining of IGFBP
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supports this finding as the molecule was absent from the proliferative phase samples and present in
secretory samples; in particular there was strong, 4umiform staining in the late secretory saies,

but only some samples stained in the rsiecretory phase coho(iL10)

In contrast to the endometrium, recent literature regarding hormonal responsiveness of the FT
shows that theendosalpinxn particular does not proliferate cyclically as seen in the
endometrium(56). This has been attributed to the altered sensitivity of the FT to androgens which

potentially prevent proliferatiorfrom occurrind56).

4.2 Aim

To explore markers of decidualisation in tR€n comparison with the matched endometrium

across the menstrual cycle in healthy premenopausal wamen

4.3Hypothesis

FOXO1A, IGFBPand PRL are expected to show increased expression in the secretory phaee h
endometrium (where decidualisation occurs) compared to the proliferative pgHa®XD3 is
expected to shovadecreased expression in the secretory phase endometrltiis also hypothesized
that the healthyFT will not show cyclical fluctuation in thepegssion of these markers across the

menstrual cycle.

4.4 Methods

Matched healthy=Tand endometrial samples were included from patients who were identified

using the inclusion and exclusion criten specifi@anatomicalregion of the FT was focused.o

The demographic variablesgble 14 were compared using the ngrarametric ManAWhitney U

test to ensure the two groups of patients were comparable (TaBJeThe matched FT and
endometrial samples were sectioned and stained using IHC. The antilséiésvere FOXO1A,
FOXD3, PRL and IGFBPtiapter3.4.7 Table 9. A semiquantitative Quickscore method was used

to quantify the immunostainingbserved Due to the small sample number of each group, the-non
parametric test for independent sampledannWhitney U test, was used to establish whether a
statistically significant difference was present between the compared groups. Quantification of IHC
staining was assessed in the cytoplasm and nuclei of the luminal epithelium, functional stroma and

functional gland compartments of the endometrial samplasd epithelium and stroma of the FT.
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45 Patient Cohort and Demographics
Full thickness endometrial biopsies and FT from 17 patients were included in this study; of these, 8

were in the proliferativgphase and 9 were in the secretory phase of the menstrual cycle. Patient
demographics for each group are presented able 14elow, and thep-values for the demographic
variables are demonstrated in Tallld. There were no statistically significant diffeces between
demographic variables, making these two groups comparablEalite 14t has been specified

where there was information missing from the data collection form and recordéd¥ds\ a & Ay 3 R G |

Tablel4 Patient Demographics (body mass index (BMI), Standard Deviatiora(@S}atistical
Comparison of Demographic Variables Using Méfiiitney Utest (p-value)

Menstrual Cycle Phast Proliferative Secretory p-value
Sample Number 8 9
Age (years) Mean ¢ D): 43£7) Mean ¢ SD): 41X 6) 1
Median: 42 Median: 44
Range: 3% 57 Range: 32 47
BMI Mean & SD): 27.4 Mean & SD): 28.2H 0.2
7.8) 3.4)
Median: 23.7 Median: 26.6
Range: 21 43.9 Range: 22.6 33
Parity Mean ¢ SD): 3£ 1) Mean & SD): 2£ 1) 0.2
Median: 2 Median: 2
Range: L 4 Range: @ 3
(Missing data = 1)
Smoking 2 (25%) 1 (11%) -

In the presentation of the results, it is evident that there are less data points than reflected in the
number of samplesTable 14. Thisoccurred where there was loss of tissue during the experiment,
for example, in some cases samples did not adhere to the glass slide well enough and either partially

unstuck or the whole tissue sample fell off during antigen retrieval.

4.6 Results
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Figurel6 FOXD3 expression in the endometrium and fallopian tube. (A) Representative micrographs demonstr:
FOXD3 immunostaining in the proliferative and secretory phase endometriDi HBXD3 immunostaining
Quickscores for nuedr and cytoplasmic expression in the luminal epithelium, stroma and glandular epithelium ir
proliferative phase (PP) and secretory phase (SP) endometrium. (E) Representative micrographs demonstrate
immunostaining in the proliferative and secretohage fallopian tube. (6) FOXD3 immunostaining Quickscores fc
nuclear and cytoplasmic FOXD3 expression in luminal epithelium and stroma. Scale bansi= 200



FOXD3 immunostaining was present in all samples. In the endometrium, cytoplasiié kCthe
luminal epithelium was significantly higher in the proliferative cohort compared to the secretory
cohort (o= 0.030) (Figur&6B). There were no other statistically significant differences in FOXD3
immunostaining between proliferative and seavey endometrium. However, this may be attributed
to the fact that staining scores in 4 of the 5 samples in the proliferative phase were homogeneous
and similar at 8 as opposed to the more heterogeneous range of staining with immunoscores
between 5 and 8 othe quickscore scale was observed in secretory phase samples (Esi)re

There were no other statistically significant differences between proliferative vs secretory phase
samples in the FOXD3 IHC staining levels in the other endometrial cellular compartments examined
(Figurel6B¢ D). The luminal epithelium FOXD3 nuckaining was comparable in both menstrual
phases, with the majority of the quickscores being between 4 and 7; there was one outlier in the
secretory phase with a quickscore of 2 (FiglBB). In the stromal nuclear FOXD3 immunostaining,
the secretory phaseamples had more intense staining compared to the proliferative phase; the
cytoplasmic staining was similar between the two phases (Fig€g. The proliferative and

secretory phase FOXD3 immunostaining in the functional gland nuclei and cytoplasmilas si
between the two phases (Figui®D). In the stroma, the cytoplasmic staining of both the
proliferative and secretory phase samples were slightly lower than the nuclear staining whereas in
the functional glands, the cytoplasmic staining trended highan the nuclear. The quickscores of
the proliferative phase samples across the compartments had less variance compared to the

secretory phase samples (ranges are demonstrated in Ti&le

In the FT, the stainingf proliferative phasesamples waslighly more intensethan that of the
secretory phassamples, across all compartmenthis was most profound in the nuclear
compartment of theepithelium and stromathe differences in immunostaining between the
proliferative and secretory phase did nota@n statistical significanc@-igurel6F, G). The stromal
compartment of both the proliferative and secretory phase FT had more heterogeneous stamging

outliers than the tubal epithelium.

In the endometriumthe pattern of staining of both glandular ahaminal epithelium revealed an
abundance of the protein on the apical surface of epithelial cells. Nuclear staiamgarticularly
notable inthe luminal epithelium(Figurel6A). In the tubal epithelium, staining showed a similar
abundance on thapical surface of the epithelial cells. However, nuclear staining seemed to be
confined to the border of the nucléi.e. perinuclear)this was present in both proliferative and

secretory groupgFigurel6E)
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The immunostaining of FOXD3 in the endomaetriand FT were similar in both the proliferative and

secretory phase as illustrated in Taiebelow.

Tablel5Comparison FOXD3 Quickscores in matched endometrial functionalis and fallopian tubes.
LEN (luminal epithelium nucleusgC (luminal epithelium cytoplasm), SN (stromal nucleis), S

(stromal cytoplasm), PP (proliferative phase), SP (secretory phase), E (endometrium), FT (fallopian
tube)

Compartment LEN LEC SN SIC
Tissue (PP) E FT E FT E FT E FT
Range 5¢7 4¢8 8¢9 5¢9 3¢8 2¢9 4¢5 3¢6
Mean 5.8 6.2 8.2 6.6 4.8 4.8 4.4 3.8

Compartment LEN LEC SN SIC
Tissue (SP) E FT E FT E FT E FT
Range 2¢7 2¢5 5¢8 6¢7 2¢9 1¢5 2¢6 1¢6
Mean 5 35 6.6 6.3 5.9 3.3 3.7 2.7
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Figurel7 FOXO1A expression in the endometrium and fallopian tube. (A) Representative micrographs demonsti
FOXO1A immunostaining in the proliferative and secretory phase endometridnF@XO1A immunostaining
Quickscores for nucleand cytoplasmic expression in the luminal epithelium, stroma and glandular epithelium in
proliferative phase (PP) and secretory phase (SP) endometrium. (E) Representative micrographs demonstrate |
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FOXO1A immunostaining was visible in all samples and tended to be higher in@dtroents of

the secretory phase endometrium compared to the proliferative phase. In the luminal epithelium,
the nuclear immunostaining of FOXO1A was higher in the secretory phase compared to the
proliferative phasethe difference between the two phasesached statistical significane =
0.005)(Figurel7B). The luminal epithelium cytoplasmic staining was only slightly increased in the
secretory phase samples; however, this did not reach statistical signifi¢gigteel7B). The
immunostaining of FOXO1A in the functional stroma was similar in the two phases. The staining in
the nuclei was highly variable in the samples of both phases and there was a large overlap of the
range of scores; the cytoplasmic staining of the stroma Wightly higher in the secretory phase
compared to the proliferative phaq&igurel7C) In the functional glands the nuclear

immunostaining levels in the secretory phase samples was significantly higher than the proliferative
cohort (p = 0.007) and the setory cohort had large variability; this could be attributed to the mix

of early mid- and latesecretory samplef~igurel7D). Immunostaining of FOXO1A in the cytoplasm

of the functional glands was slightly increased in the secretory pfigarel7D).

FOXO1A immunstaining in the=Twas comparable across the cycle phases. Quickscores of the
epithelial and stromal compartments ranged between 1 and 4 in both the proliferative and secretory
cohort (Figurel7~G, Tablel6). FOXO1A immunostaining in thE Was broadly simildo that in the
proliferative phase endometriurtFigurel7B-D, FG) FOXO1A immunoscores in the FT remained
constant between the secretory and proliferative phase, compared to the increase of FOXO1A

immunoscores in the secretory endotmieim (Figurel7B-D, FG)

The staining pattern in the secretory phase tubal epithelial nuclei had a different pattern of staining
to the endometrial luminal and glandular nuclei. The endometrial nuclei showedrageneous
increasen theintensity of stainingfrom the proliferative to secretory phase (FiguréA).In

contrast,the tubal epithelial nuclear staining in the secretory phase was heterogenous with some
nuclei having no immunostaining and other showangtronger intensity olnnmunostaining (Figure

17E).
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Tablel6 Comparison of FOXO1A Quickscores in matched endometrium and fallopian tubes. LEN
(luminal epithelium nucleus), LEC (luminal epithelium cytoplasm), SN (stromal nugleysjtdnal
cytoplasm) PP (proliferative phase), SP (secretory phase), E (endometrium), FT (fallopian tube)

Compartment LEN LEC SN SIC
Tissue (PP) E FT E FT E FT E FT
Range 0-2 2c4 2¢6 1¢4 2¢8 1¢4 1¢6 1¢2
Mean 15 3 3.5 2.8 5.3 2.8 2.7 1.3
Compartment LEN LEC SN SIC
Tissue (SP) E FT E FT E FT E FT
Range 2¢12 2c4 2¢6 2¢3 2¢9 1¢4 1¢9 1¢3
Mean 6 3 4.1 2.6 5.4 2.4 3.9 2
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Figurel8 PRL expression in the endometrium and fallopian tube. (A) Representative micrographs demonstrate F
immunostaining in the proliferative and secretory phase endometriu®) (BRL immunostaining Quickscores for nu
and cytoplasmic expression in the nal epithelium, stroma and glandular epithelium in proliferative phase (PP) a
secretory phase (SP) endometrium. (E) Representative micrographs demonstrate PRL immunostaining in the pi
and secretory phase fallopian tube-@f PRL immunostaimg Quickscores for nuclear and cytoplasmic PRL express

luminal epithelium and stroma. Scale bars = 260



PRL staining was similar between the proliferative and secretory phase in all of the endometrial
functionalis compartments (Figus3, A¢ D). In the luminal epithelium, nuclear staining was
moderately weak, with the highest score being 4 in the prolifigeaphase and 6 in the secretory
phase(Figurel8B, Table 17)In the cytoplasm, prolactin secretion was modergeyurel8B). In

the stromal nuclear compartment, the majority of the secretory samples had slightly higher
immunostaining of prolactin, witBimilar variability in the interquartile range. In the cytoplasm, the
majority of the secretory phase samples fell within the range of the proliferative phase samples. The
nuclear staining of the secretory phase functional glands was slightly increasedoampared to

the proliferative phase samples; there was no difference in the staining of prolactin between the
LIKFaSa Ay (KS FdzyQrigurglgdy ¢ It yRaQ Oed2LX | ay

In the FT epithelium, the immunostaining of prolactin was similar when comparingdfitepative

and secretory phases in the nuclear compartmg@figurel8F. However, there was increased
immunostaining in the tubal epithelium cytoplasm of the majority of the proliferative phase samples
compared to the secretory phase. In the proliferatiphasestroma, nuclear immunostaining was

highly variable, with quickscores ranging from 0 to 10; the secretory phase results fell between 2 and
5 (Figurel8G) The stromal cytoplasmic immunostaining of prolactin was low in both the

proliferative and se@tory phaseFT(Figure 8G)

The Quickscores of the proliferative endometrial functionalis and matched tubes are giraitde
17). In the secretory phase samples, the endometrial stroma immunostaining was stronger than the

immunostaining seen in the tubal stroma.

Tablel7 Comparison of PRL Quickscores in matched endometrium and fallopian tubes. LEN (luminal
epithelium nucleus), LEC (luminal epithelium cytoplasm), SN (stromal nucléu@tr&mal
cytoplasm), PP (proliferative phase), SP (secretory phase), E (endométTiyfa)lopian tube)

Compartment LEN LEC SN SIC
Tissue (PP) E FT E FT E FT E FT
Range 2¢4 2¢6 4-8 3¢8 2¢7 0c10 1¢6 1¢4
Mean 3.2 4.7 5.2 6.5 4.1 5 4.4 2.3

Compartment LEN LEC SN SIC
Tissue (SP) E FT E FT E FT E FT
Range 3¢5 2¢6 1-5 3¢6 4c¢7 2¢5 4¢10 2¢3
Mean 3.8 3.8 4 4.5 5.3 3.5 5.2 2.30
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Figurel9IGFBP1 expression in the endometrium and fallopian tube. (A) Representative micrographs demonstr
IGFBP1 immunostaining in the proliferative and secretory phase endometribpl@-BP1 immunostaining
Quickscores for nuclear and cytoplasmic expressitrei luminal epithelium, stroma and glandular epithelium in
proliferative phase (PP) and secretory phase (SP) endometrium. (E) Representative micrographs demonstrate
immunostaining in the proliferative and secretory phase fallopian tub&) (6FB1 immunostaining Quickscores for
nuclear and cytoplasmic IGFBP1 expression in luminal epithelium and stroma. Scale bars.~ 200



Overall, IGFBP1 immunostaining was low in both the endometrial and FT sgRigles ). No
significant diference was noted between the immunostaining for IGFBP1 proliferative phase and

secretory phase.

In the endometrial luminal epithelium, immunostaining was slightly increased in the secretory
samples in both the nuclei and cytoplagkigure ®BB). In the stoma, the majority of the samples
showed no staining ithe nuclear and cytoplasmammpartments(Figure 8C) In the stroma there
were two samples that showed uncharacteristically high immunostainingin the secretory

phase, and one in the proliferative endometrium, when compared to the majority of the respective

cohorts(Figure BC) Staining in the functimal glands was virtually absefitigure D).

In the FT, some staining was evident, and seemed to be slightly increased in the proliferative phase

samples in the tubal epithelium (nuclei and cytoplasm) and in the stromal cytogkigore 9~G).

Tablel8 Comparison of PRL Quickscores in matched endometrium and fallopian tubes. LEN (luminal
epithelium nucleus), LEC (luminal epithelium cytoplasm), SN (stromal nucléu@tr&mal
cytoplasm), PP (proliferative phase), SEergtery phase), E (endometrium), FT (fallopian tube)

Compartment LEN LEC SN SIC
Tissue (PP) E FT E FT E FT E FT
Range 0 0c2 0¢c2 0c3 0c3 0c3 0¢3 0¢5
Mean 0 0.8 0.4 1.3 0.4 0.6 0.4 1.4
Compartment LEN LEC SN SIC
Tissue (SP) E FT E FT E FT E FT
Range 0¢c2 0 0c3 0c1 O0c4 0 0c9 0
Mean 0.7 0 1.2 0.3 0.8 0 1.3 0

4.7 Discussion

The decidualisation of the endometrium in the secretory phase is key for a healthy pregnancy to
occur.Markers of decidualisation have been extensively studied in published literature, however,
date they have not been studied in cycling FT. This stygipeed four markers of decidualisation in

healthy cycling FT and matched endometrium.

FOXD3 showed increased nuclear stromal immunostaining in the secretory phase endometrium
when compared to the proliferative phaseOXO1A showed a markedly increased imastaining
intensity in thenuclear luminal epithelium and glandular epithelium in the secretory phase
endometrium when compared to the proliferative phage the FTFOXD3 immunostaining

decreased from the proliferative to the secretory phase in all gartments, andFOX01A
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immunostaining was consistent in both phasessThiggestthat healthy cycling FT do nbave the
same phenotype as the adjacent endometrium, which is expected given that they have differing

roles in reproduction.

The results of the PRL and IGEBRmunostainingn the cycling endometriurdid notsupportthe
hypothesisas the expected inease from proliferative to secretory phase was not observed.
IGFBPFL and PRL are secreted prote{id6) their intracellular expression may not accurately reflect
the actual abundance of the proteins in different phases of the menstrual cjloése was one

outlier in the secretory phase endometrial samples that had more intense PRL and1GFBP

immunostiningwhich could possibly be due tmn-specific stainig in the particular sample.

The results of immunostaining in the cyclingsh@wed variable expression of PRL in the
proliferative a secretory phase, with a possible decrease fronptbkferative to secretory phase.
The immunostaining of IGFBRN the FTdecreased from the proliferative to secretory phase
samples, however, the overall staining was weak in all samipliedifficult to speculate whether
these observed trends wouldetmore evident if a larger sample size was used, or iEXpgession

of these two proteinsri the FT is variable between females.

96



Chapter S-eatures of Damaged Fallopian Tubes

5.1Introduction

Certain abnormalities dhe FTthat are associated with mucosal damage have been correlated with
an increased risk of ectopic pregnarfdy 52) The two pathologies explored in this study were
hydrosalpinx and tubal endometriosigo test the hypothesis that damage the FTinduced by

these conditionsgs associated with abnormal expression levefisnarkers of decidualisation,

immune response, steroid hormone responsiveness and cell proliferatior; Tibepatients with

these conditions wer@robedto characterisdeukocytes, FOXO1A, androgen receptor (AR) and Ki67
expressionWith regard to thdeukocytic markers, CD56 and CD68 were chosen, as they are
expressed byatural killer cell§CD56Rnd macrophagefCD68)the two most abundant leukocytes

in the secretory endometrium, as well as CD45, which is a general leakoayker(44). FOXO1A

was chosen aa decidualisation marker sintkere was a significant difference in expression
between the proliferative and secretory endometrium (Chapter 4). Ki67 is a general proliferative

marker usel to describe theoroliferative index of cells or tissu€s17)

The definition of a hydrosalpinxdsollection of watery fluid in the uterine tube, occurring &gt

end-stage of pyosalpirfi(118) However, hydrosalpinx alsenconpasses distal FT occlusias a

cause of any pathology, ares a synonym of sactosgpE 6 KA OK A& RSTFAYSR | & &R,
AYFElLYSR dzi SNRA Y S (i d4a18) HydeosahhiBxis koyirStiRincie &SONRisk of2ay & ¢

EP and miscarriage occurring, as well@sreasing the rate of pregnan¢¥19) The most common

cause of hydrosalpinx is RWwhichmainlyoccurs as a consequenoéprior STDY50). The

infections cause such severe inflammation that the distal end of the tube is obstr(&gd

Endometriosis refers téthe presence of endometrial tissue outside the uter(s20) It isa
common benign gynaecological disorder that has characteristics ofnititaflammation(53).

Endometriosis, a less common cause of hydrosalpinx, is also a risk facto3qr EP

5.1.1FOXO01A

Considering the results fro@hapter 4, which showed a statistically significant increase in the
expression of FOXO1A in the glandular epithelial nuclei of the endometrial stratum functionalis in
the secretory phase when compared to the proliferative phase, FOXO1A was selectezhaiysed

in this chapter.
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5.1.2Androgen Receptor

Androgens are théhird major steroid hormone produced by the ovary and like other well
characterised ovarian hormones, they act onitleassicatognatereceptors to exert their effects.

The androgen receptor (AR) is a member of the nuclear receptor superfd2ily AR is expressed

in both premenopausaand postmenopausandometriumand FT{56). The expression &R is
upregulated by oestrogens, whilst progesterone downregulates their expression in the endometrium
(122) Androgen itself ugregulates its own receptor. Previous literature has shown thahééRear
expression ipresent instromal fibroblasts othe endometrial basalis throughout the cyciehereas
there is a cyclical change in tegomalfibroblastexpression in the functional{d23, 124) They are
most notably foundn endometrial fibroblasts during the proliferative phase of the menstrual cycle
as these cells are the primary target of androgét23, 125) The downregulation of AR in the
functionalis of the endometrium is evident during the secretory phase, howévere is an

increased expression in the epithelium when progesterone levels drop; this is also evident with the

use of antiprogestins and the resultant increase in expression of1®R123, 125)

Androgens affect the ability of the endometrium to proliferate and differentiate, as well as

impacting the establishment of pregnancy; they also have a role in tissue repair during menstruation
(222) In an invitro model of primary human endometrial stromal cells, exposure of cells to AR
antagonists decrased the secretion of decidualisation markers and endometrial receptivity markers
(125)

5.1.3Leukocyte markers: CD45, CD56, CD68
CD45 is a leukocyte common antigamd is a type of protein tyrosine phosphataseeptor(126)
All leukocyte populations, in humans, express C(226) CD45 has a key role in the regulation of

leukocyte activityjt comprisesup to 10% of the surface glycoproteiokleukocytic cell§126, 127)

This study will also explore the presence of the two most comlaokocyte subsets present in the

endometrium:NK cells and macrophagét3).

CD56 otherwisecalledneural cell adhesion molecylNCAM) is a transmembrane glycoprotein

(128) Expressin of CD56 antigen and lack of CD3 expression are the features which characterise
NK cells. NK cells can be grouped into two populations, according to the intensity of CD56 antigen,
CD58"9" and CD58™ (129) The expression of CD16, an immunoglobulin involved in antibody
dependent cellular cytotoxicifyfurther categorises uterine NK cells, with most uterine NK cells

expressing the CD8B"CD16phenotype uNK cells also express CD9 and have an abundance of
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granules which differentiates them further from NK cells in the peripheral circulétid®) The
numbers of uterine NK celis the endometriumshow a cyclical variation with the menstrual cycle
(129)

CD#®, also called macrosialin or gp110, is a transmembrane glycoprotein expressed in
macrophages as well as other mononuclear phagodiitas, 132)It is found mainly in the
endosomal/ lysosomal compartment of the cell with thieility to move rapidly between the
endosomes and the plasma cell membrgt82) CD68 can be greatlypregulatedin
macrophages responding to inflammatory stimuli, which has made it a standard
cytochemical marker in the immunostaining of monocytes and macrophages in the
histochemical examination of tissues for inflamorg change4132). It has also been detected
in smallamounts on activated T cells and mature B cells where it appears as fine, granular
staining as well as other cells in theemopoieticsystem, and nofmaemopaetic cells for

example renal tublar epithelium(133)

5.1.4Ki67

Ki67 was originally identified as a monoclonal mouse antibody which was found to
recognge an antigen present in the nuclei of proliferating mammalian cells while being
absent from the nuclei of nenycling cell§134) Using this antibodyit became possible to
determine the growth fraction of both normal and malignant cells. It has been shown to be a
reliable marker of cellular proliferation and is widely used in tumour histopathdlbgy)

More recently it was suggested that 467 is involved in heterochromatin orgaation and

Therefore, controls gene expressiqi36)

5.2Aim
To characteris¢he decidual, hormonal, immunological and proliferateenotype of damage&T
5.3Hypothesis

Damaged-Twith hydrosalpinx or endometriosis associated with abnormal expression levels of
markers of decidualisation, immune response, steroid hormone responsiveness ararcell

proliferation.

5.4Methods
IHC was used to semuantitatively analyse thexpressiorof FOXO1A, AR, CD45, CD56, CD&8 an

Ki67 in damaged and healtiifand their matched endometrium. 18 matched tubal and
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endometrial, and 4 unmatched tubal samples were investigatedspecific anatomical region of the

FT was focused on

Matched healthy tube and endometrial samples werdiiiled from patients who were identified
using the inclusion and exclusion critef@hapter 3.2.1Table6). The demographic variables (Table
19) were compared using the ngrarametric KruskaWallis test to ensure the groups of patients
were comparableTable19). The matched FT and endometrial samples were sectioned and stained
using IHC. The antibodies used were FOXO1A, AR, CD45, CD56, CD6q Balol&H A semi
guantitative Quickscore method was used to quantify the immunostaining for FOXO1/Rand A
expression To quantify the number of cells that stained positive for the leukocytic and proliferative
markers, the number of positively stained cells were counted in 5 representative areas of each
tissue, and an average percentage of positive eglls estimated for the tissue compartment. Due

to the small sample number of each group, the farametric test for independent samples,
KruskalWallis test, was used to establish whether a statistically significant difference was present
between the compeed groups all presentedp-values are significant values adjusted by the
Bonferroni correction for multiple testd37) Quantification of IHC staining for FOXO1A and AR was
assessed in the cytoplasm and nuclei of the luminal epithelium, functional stroma and functional
compartments of the endometrlssamples; and epithelium and stroma of the FT. For the remaining
antibodies, the percentage of positive cells was assessed in the luminal epithelium, stroma and

functional glands of the endometrial functionalis; and the epithelium and stroma dfthe

5.5 Patient Cohort and Demographics

17 damaged-Twith the matched full thickness endometrial biopsies, and 5 hedithyere

included in this study. The pathologies selected for the dam&Jedere hydrosalpinx or
endometriosis; the hydrosalpinx group caits tubes in both the proliferative phase (PH group) and
secretory phase (SH group), whereas the endometriosis group are only secretory phase tubes (SE
group).In the proliferativephase hydrosalpinx group 2 out of 3 patients were smokerreds in

the remainder of the groups naof the patients were smokers; the 2 patients were not excluded as
it was nota predeterminedexclusion criterion and would haveduced the sample size to an
unwanted degreeSecretory phase healthy tubes served as the contmlg for this study with only
one having a matched endometrial sample (SC grdp)iferative phase control samples weret
considered essentias theresults ofChapter 4showedthat healthy fallopian tubes do not change
cyclically during the menstrual cycl&he patient demographics for each group are presented in
Tablel9 below. Statistical comparison using the Kruskélllis test showed no statistically

significant difference between demographic variables, as illustrated byghalues in Tablé&9.
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In Table @it has been specified where there was information missing from the data collection form

andrecordedag YA aaAy3d RFEGE €D

Tablel9 Patient Demographics (body mass index (BMI), Standard DeviatiQra(S}atistical
Comparison of Demographic Variables using the Krildlis Tes{p-value)

Group PH SH SE SC p-value
Sample Number 3 11 3 5 -
Age (years) | Mean ¢ SD): | Mean ¢£SD): | Mean & SD): | Mean & SD): 0.8
39 & 6) 43 & 6) 44 ¢ 4) 42 & 5)
Median: 36 Median: 45 Median: 45 Median: 45
Range: 38 Range: 32 Range: 3¢ Range: 3%
47 51 48 47
(Missing data
=1)

BMI Mean ¢ SD): | Mean ¢ SD): | Mean ¢ SD): | Mean & SD): 0.2
22.9 & 3.6) 29 &5) 27.8 ¢ 2.3) 28.4 ¢ 3.7)
Median: 20.3 | Median: 29 Median: 29.2 | Median: 30.5
Range: 20.§ | Range: 21.5 | Range: 24.§ | Range: 22.§
28 38.3 29.6 32

Parity Mean ¢&SD): | Mean ¢ SD): | Mean & SD): | Mean & SD): 0.4
3&0.5) 1&1) 1&0.8) 1&1.2)
Median: 3 Median: 1 Median: 1 Median: 1
Range: Z; 3 Range: @; 4 Range: @; 2 Range: @; 3
(Missing data (Missing data | (Missing data
= ]_) = 1) = 1)

Smoking 2 (67%) 0 (0%) 0 (0%) 0 (0%) -

5.5.1Control Sections fokntibodies

Positive controls for the antibodies used in this chapter were not included since the antibodies have

been internally validated.

5.6 Results
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5.6.1FOXO0O1A Exgssion

FOXTA Endometri al Stai-r

12 12

o ()]
40 a9
u o
;8— » 81
~ X
T o
6 6

=}
S -

(04
(04 i

4+ 1o

i . ®

2 24 -

] o -

0 - -+t
PH SC SE SH|PH SC SE SH PH SC SE SHIPH SC SE SH
Luminal Epithdl LumneucEmiuselfiumlcytShfpma NuclleusStroma Cyto

123

()

1 0

o

o ——

8- KEY

~ [ ]2 %-~7 %

6l 1 Mi-+Ma x

5 O Mean

04_ O Medi ah
[] o Dat a

-

2_

O T T T T T T T T
PH SC SE SH[{PH SC SE SH
Functional Gl pnRunducdcbeals Gl ad Cytoplasm

FOXTA Fall opian Tube St

12 12

(&) ()

o o

o o

»n 81 * » 81 *
X X

(&) (&)

— 64 . 61

=} =}

(@4 (04

41 44
2 24

m =

0 T T T T AIA T T T O T T T T T T T T

PH SC SE SH[{PH SC SE SH PH SC SE SH| PH SC SE SH
Epithelium Nukdmniwsl Epithelflum|[Cyt8plracma NuclleusStroma Cyt o

Figure20 FOXO1A expression in the endometrium and fallopian tub€) POXO1A immunostainin
Quickscores for nuclear and cytoplasmic expression in the luminal epithelium, stroma and glar
epithelium of the endometrium. (B) FOXO1A immunostaining Quickscoraficlear and
cytoplasmic expression in the epithelium and stroma of the fallopian tubes.

Groups: PH (proliferative phase hydrosalpinx), SC (secretory phase control), SE (secretory ph.
endometriosis), SH (secretory phase hydrosalpinx)
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Figure21 Representative micrographs demonstrate FOXO1A immunostaining in endometrium (A, B, D, E, G, H, J,
fallopian tube (C, F, I, L$cale bars £00>m.

FOXO1A expression was quantified in control and damBkgadd matched endometrium (Figure

20, 21). The endometrial expression was not significantly different between groups. In the luminal
epithelium, the nuclear immunostaining of the secretory groupsSKE;and SH were overall higher
compared to the proliferative group; the cytoplasmic staining was lowest in the proliferative group,

slightly higher in the SE group, SH group, and highest in the SC sampleZ@Ag@®. In the
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stromal compartment, FOX@limmunoscores had overlapping ranges of scores between groups
(Figure20B). In the functional glands, the nuclear staining was markedly increased in the SC, SE and
SH groups compared to the PH group; the cytoplasmic staining was similar across alirgtioeips

functional gland compartment (FigugoC).

In the FT, FOXO1A immunostaining was present in most but not all samples. In the epithelial and
stromal nuclear compartments, the SC group exhibited a significant increase in FOXO1A
immunostaining compared to the SH groyp=(0.014p = 0.043 respectively) (Figu?®, D, E Figure

21 F,). The SE and PH group nuclear FOXO1A immunostaining of both the epithelium and stroma
were overall slightly lower than the SC group, though thdsndit reach statistical significance (Figure
20, D, E). The cytoplasmic staining was similar across all groups in both the tubal epithelium and
stroma (FigureO, D, EFigure 21 C, F, ). L
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5.6.2Androgen Receptor Ergssion
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Figure22 AR expression in the endometrium and fallopian tube&CYAR immunostaining Quickscc
for nuclear and cytoplasmic expression in the luminal epithelium, stroma and glandular epithe
the endometrium. (EE) AR immunostaining Quickscores for nuckear cytoplasmic expression in-
epithelium and stroma of the fallopian tubes.
Groups: PH (proliferative phase hydrosalpinx), SC (secretory phase control), SE (secretory pt
endometriosis), SH (secretory phase hydrosalpinx)
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Figure Billustrates the androgen receptor (AR) quickscard Fgure 23depicts representative

micrographs In the endometrial luminal epithelial nuclear and cytoplasmic compartments, AR
immunoscores were low throughout (Figur2A). In the stroma(Figure 2B) the nuclear staining of

the PH group had a higher maximum score than that of the other groups, hotreveverall the

staining intensity was similar; the same trend was noted in the staining of the cytoplasm in the
stroma. The staining inteAsti @ Ay GKS Fdzy OGA2ylf 3IflyRaQ ydzOft Sk N

low across all group$igure 2C), similar to the luminal epithelium immunoscorégre 2D).

The immunostaining of thETepithelial nuclei Eigure22D, Figure 28was overall masdly higher

than in the endometrial luminal epitheliunfFigures22 A). The immunoscores of the nuclei in the
tubal epithelium were similar in the PHC8nd SE groups, and trended slightly lower in the SH
group. The cytoplasmic staining of the tubal epiib (Figure 2D) was similar across all groups,

and the immunoscores were overall higher than those of the endometrial cytoplasmic luminal
epithelium figure 2 A). In the stroma of th&T(Figure 2D), the SE nuclear and cytoplasmic
immunostaining was atsistently the lowest across the four groups; the PH, SC and SH groups had

similar intensity in staining.
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5.6.3Ki67 Expression
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Figure24 Percentage of cells positive for Ki67 in the endometrium and fallopian tu. KE§ Tmmunostaining scores (
positive) in the luminal epithelium, stroma and glandular epithelium of the endometriuB). K67 immunostaining
scores (% positive) in the epithelium and stroma of the fallopian tubes. Groups: PH (proliferative phase hyly&al
(secretory phase control), SE (secretory phase endometriosis), SH (secretory phase hydrosalpinx)
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In the luminal epithelium of the endometrium, the SH group had the highest percentage of positive
cells for Ki67, followed by the SE group, and the PH group (Ridd&ré&igure 2% In the functional
stroma, the range of percentage positive cells was aimaitross the PH, SE and SH groups (Figure
24B). In the functional glands, the SE group had the lowest percentage of positive cells; most of the
data points of the SH and PH group overlapped, with 2 markedly increased outliers in the SH group
(Figure24C).The differences in the endometrial functionalis results did not reach statistical

significance.

In the tubal epithelium, the PH, SE and SH groups has an increased percentage of cells that stained
positive for Ki67 compared to the SC group, though tldsndi reach statistical significance=

0.051) (Figur@4D; Figure 25 C, F, ). IIn the stromal compartment of the tube, the percentage of

cells that stained for Ki67 were low across all four groups; the SH group had a higher percentage of
positive cdk which reached statistical significance when compared to the SC greup.(35)
(Figure24E).
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5.6.4Leukocyte Infiltration
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Figure26 Percentage of cells positive for Leukocyte in the endometrium and fallopian te@g. (A
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control), SE (secretory phase endometriosis), SH (secretory phase hydrosalpinx)
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Flgure27 Representative micrographs demonstrate Ieukocyte |mmunosta|n|ng in endometrial functionalis; CD45 (
J); CD56 (B, E, H, K); CD68 (C, FStdl¢ bars £00>m.
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Figure28 Representative micrographs demonstrate leukocyte immunaostaining in fallopian tubes; CD45 (A, D, G, J); C
H, K); CD68 (C, F, 1,.39ale bars = 10&m.

B

Figure29 Representative micrographs demonstrate positive immunostaining of foamy histiocytes for CD45 (A), CL
CD68 (Cxcale bars = 10em.













































