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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 pre-requisite for embryo implantation and 
would not be expected to occur in the fallopian tubes. The 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 molecular level is only now being elucidated with the use of 
molecular markers. To become permissive to blastocyst implantation it is possible that damaged 
fallopian tubes express an altered phenotype with respect to decidualisation, proliferation and 
steroid hormone 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 menstrual cycle. 
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 and damaged 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 
immunohistochemically for markers of decidualisation (IGFBP-1, FOXD3, 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, tissues were 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 or percentage positive method. 
Main results: The scoping review revealed only 25 studies eligible for inclusion.  8 studies showed 
post-partum decidualisation of the fallopian; however, decidua 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 tube, though these were not classic markers of 
decidualisation. 
The presence of prolactin and the decidual marker IGFBP-1 was not as discriminatory between 
secretory and proliferative phases in the fallopian tubes. The presence of FOXO1A did not fluctuate 
between the proliferative and secretory phase fallopian tubes; FOXD3 showed a decrease between 
the proliferative to secretory phase tubes. FOXO1A was markedly increased in the secretory phase 
endometrium, with a difference between the two phases reaching statistical significance (p=0.007).  
Comparing damaged and healthy fallopian tubes, the damaged tubes showed a lower expression of 
FOXO1A and increased immune cell infiltration. The damaged fallopian tubes showed increased 
percentage of proliferative activity compared to the healthy control tubes as indicated by Ki67 
immunostaining. The presence of androgen receptors was decreased in the secretory hydrosalpinx 
tubes.  
Conclusion: The systematic review showed that there is little information surrounding the 
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 studies 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 1 Introduction 
 
Ectopic pregnancy (EP) is the implantation of a conceptus outside the endometrium; ectopic 

pregnancy may also be referred to as eccyesis and extrauterine pregnancy (1). EP currently occurs in 

approximately 2% of all pregnancies (2), of which 95 % implant in the fallopian tube (FT), 3.2 % are 

ƻǾŀǊƛŀƴ ŀƴŘ мΦо ҈ ŀǊŜ ŀōŘƻƳƛƴŀƭ 9tΩs (3, 4). EP has an associated mortality ranging from 3 - 300 

deaths per 10 000 pregnancies and may be attributed to the socioeconomic standing of the country 

(2); EP causes 75 % of maternal first-trimester deaths and 9% of all pregnancy-related deaths (3). 

Maternal mortality occurring in EP is most often caused by infection or haemorrhage, especially in 

the case of tubal rupture (1, 4).  

 

The management of EP falls into two main categories: medical and surgical; although, in some 

instances the pregnancy resolves spontaneously (expectant management) (4, 5). Varma et al. argue 

that there is no current course of action that would allow definite discrimination between an EP that 

will spontaneously resolve and one that will continue to grow and, in the case of tubal EP (TEP), 

cause tubal rupture(4). Guidance on the management of EP including advice on considering and 

offering monitoring is available via the National Institute for Health and Care Excellence (NICE) 

Guidance (6).  Medical management consists of administration of methotrexate and is a suitable 

treatment in approximately one quarter of TEP cases that have not ruptured. However, where 

medical management is unlikely to be successful, surgical management is necessary; this could take 

the form of laparoscopy or laparotomy and salpingectomy (FT is removed) or salpingostomy (FT is 

preserved) (2).  

 

Fertility after an EP is affected in different ways depending on the cause of EP. In a review of women 

with EP, the cohort with an intra-uterine device (IUD) associated EP, had no further EP during the 

following 28 months and 87% conceived in the following 12 months. 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 occurred (2). A study by Baggio et al. suggested that treatment of EP via surgery had 

worst reproductive outcomes when compared to women who received expectant or medical 

management; even so, they concluded that the reproductive outcome could also be attributed to 

the EP and not the treatment (5).  A systematic review by Cheng et al. argue that if in the instance of 

a TEP the contralateral tube is healthy, the prospect of fertility is similar between a salpingectomy 

and salpingostomy (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 such as in vitro fertilisation (IVF), 

tubal pathologies such as salpingitis, endometriosis and previous use of diethylstilboestrol. 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 of EP; rather if a pregnancy were 

to occur while using such contraception, it would more likely be an EP as opposed to an intrauterine 

pregnancy (IUP) (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.  

 

1.1 Embryological origins of the female reproductive system 

Organogenesis of the embryo begins around the 19th 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 system; (iii) the 

development of the liver and the heart; (iv) the morphogenic development of the craniofacial 

structures; (v) and lastly the growth of the musculoskeletal system (8). During the 8th to 24th week of 

pregnancy, the Mullerian (paramesonephric) ducts give rise to the FT, the uterus and the upper third 

of the vagina; the ovaries develop from the primary gonad (8-10).  The FT derive from the cranial 

portion of the Mullerian ducts, and the caudal portion develops into the uterovaginal primordium 

(Figure 1A); the uterus, cervix and vagina then develop from this (the inferior two-thirds of the 

vagina develop from the sino-vaginal bulbs) (Figure 1B); the myometrium is a derivative of the 

mesoderm and, with the endometrium, forms subsequently to the fusion of the paramesonephric 

ducts (Figure 1) (11).  
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Figure 1 Development of Gonad from (A) Bi-Potential Gonad to (B) Female Reproductive Tract: the 
primitive gonads gives rise to the ovaries, the Müllerian ducts develop into the fallopian tubes, the 
uterus and the upper vagina; the paramesonephric and Wolffian ducts regress (image was recreated 
based on illustrations by Magowan et al. and Moncada-Madrazo et al. (12, 13)) 

1.2 Female 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, cervix, the uterus, FT (which run postero-laterally from the uterus) and 

ovaries (Figure 2B).   

 

Figure 2 Gross anatomy of the female reproductive system; A: external genitalia and associated 
structures; B: internal genital tract (images were recreated based on illustrations by Vang et al., 
Thompson et al and Nguyen 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 fundus (most 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 myometrium (Figure 2B) (11).  

 

Figure 3 Sagittal view of female reproductive tract depicting uterine location between the bladder 
and rectum (simplified depiction) (image was recreated based on illustrations by Thompson et  al. 
and Nguyen et al. (15, 16)) 

1.3 The Endometrium 

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 functionalis 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 are post-menopausal do 

not have an active endometrium due to lack of oestrogenic drive. In the inactive endometrium, only 

the stratum basalis is present; when oestrogen production ceases in post-menopausal women, 

thinning of the endometrium and atrophy are observed (11).  

The different endometrial phases with regards to changes in histoarchitecture during the menstrual 

cycle are detailed below. It is important to note that the phases are continuous, so some changes 

may appear at slightly varying times in different parts of the endometrium (11). The length of the 

menstrual cycle can vary between women; the phases of the menstrual cycle are reported with 

relation to an average 28-day cycle beginning on the first day of menses.  
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1.4 The 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 menses. This begins around the age 

of 12 years old and ends at the age of menopause, between which approximately 450 menstrual 

cycles will occur (17). 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), which are released in response to the gonadotropin-releasing 

hormone (GnRH) from the hypothalamus (18); FSH and LH modulate the secretion of oestrogen and 

progesterone (Figure 4). 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 days (19). 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 16 days (19). The rates at 

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

cycle. 
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Figure 4 Schematic representation of the hypothalamic - pituitary - ovarian axis (image was 
recreated based on illustrations by Oyola et al. and Tortora et al. (20, 21)) 

1.4.1 The 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. This pattern is more commonly known as 

the menstrual cycle but may also be referred to as the female monthly sexual cycle. The median 

duration of this cycle is 28 days but may range from 21 to 35 days in some females. Women with 

cycle lengths more than 35 days are oligomenorrheic while patients with cycles shorter than 21 days 

are polymenorrheic (19). An abnormal cycle length is often associated with fertility problems (22).  

  

There are two significant outcomes of the menstrual cycle. The first being that usually, only a single 

ovum is released from the ovaries each month (23). Under the usual circumstances, this would mean 
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that only one fetus develops at any one time. The second result of the cycle is the preparation of the 

uterine endometrium in advance, allowing it to be ready for implantation of the fertilised ovum (22).  

  

The effect of gonadotropin hormones on the ovaries 

Changes in the ovaries during the menstrual cycle are entirely dependent on the gonadotropins FSH 

and LH, secreted by the anterior pituitary gland (Figure 4) (24).Without these hormones present, the 

ovaries remain inactive, as is evident in premenarche, where virtually no gonadotropins are released 

from the pituitary gland (22). 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 

ǘƛƳŜ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǇǳōŜǊǘȅΦ ! ǿƻƳŀƴΩǎ ŦƛǊǎǘ ƳŜnstrual cycle is referred to as menarche (25).  

  

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 highly specific receptors in the membranes of these target cells. Once the 

ǊŜŎŜǇǘƻǊǎ ƘŀǾŜ ōŜŜƴ ŀŎǘƛǾŀǘŜŘ ƻƴ ǘƘŜ ǘŀǊƎŜǘ ŎŜƭƭǎΣ ǘƘŜ ǊŀǘŜ ƻŦ  ǘƘŜ ŎŜƭƭΩǎ ǎŜŎǊŜǘƛƻƴ ƛƴŎǊŜŀǎŜǎ 

significantly along with the growth and proliferation of the cells (22). 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 kinases resulting in the phosphorylation of several key 

enzymes that in turn stimulate sex hormone synthesis (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 follicle (22). Prior to the onset of puberty, 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 division. Post-

puberty, the ovaries and the follicles within begin to grow, as FSH and LH are secreted in significant 

quantities from the anterior pituitary gland. Follicular growth begins with the ovum moderately 

increasing in size, doubling or tripling its diameter. This is then followed by the development of extra 

granulosa cell layers, in some follicles, known as the primary follicles (22).  

 

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

seemingly intrinsic process have not been fully elucidated, however understanding the molecular 

regulation of folliculogenesis and 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 
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follicle activation include oocyte-derived growth differentiation factor (GDF9) and bone 

morphogenic protein 15 (BMP15). Other factors regulating stages of follicle development within the 

ƻǾŀǊȅ ƛƴŎƭǳŘŜ ŀ ŦŀŎǘƻǊ ƛƴ ƎŜǊƳƭƛƴŜ ʰςFIGLA involved in primordial follicle formation and newborn 

ovary homeobox encoding geneςNOBOX, and forkhead transcription factors FOXP1 and FOXL2 which 

are involved in growth beyond the primordial follicle stage (26).  

 
Figure 5 FSH independent and dependant stages of follicle development. (Reproduced from McGee et 
al. (27))  

The development of Antral and Vesicular Follicles 

Concentrations of FSH and LH increase during the first few days of the menstrual cycle, when the 

follicle enters the gonadotrophin sensitive phase of development (Figure 5). A few days before LH 

increases, a slightly greater increase in FSH occurs; this directly initiates the accelerated growth of 6 

to 12 primary follicles during each cycle. Initially, the effect on the granulosa cells is a rapid 

proliferation of the cells, adding to the layers (22). 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 granulosa cell connective 

tissue growth factor, an intermediary for the action of transforming growth factor, inhibins, activins, 

GDF9, and anti-müllerian hormone (27). 

 

The theca is divided into two layers, the theca interna and the theca externa (22). The cells of the 

theca interna are similar to granulosa cells with their epithelioid characteristics; they also develop 
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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 follicle (22, 26).  

 

The early proliferative phase of growth lasts for a few days, after which the appearance 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, oestrogen. This 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 follicles (28).  

  

The mechanisms resulting in the growth of vesicular follicles is as follows (22): 

1. 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 the granulosa cells to FSH.  

2. 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 an even more rapid rise in follicular secretion.  

3. 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. 

  

An almost 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 increase in circumference 

by around 10 times and an increase of mass by 1000 times. The ovum remains embedded within the 

mass of granulosa cells at one pole of the follicle as the follicle enlarges (22).  

  

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 follicles 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 reduces 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. This process is extremely 

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 reach a diameter of around 1 to 1.5 centimetres. At this point it is 

referred to as the mature follicle (28).  

  

Ovulation 

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

onset of menses (the first day of bleeding) (29).  

 

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 so, fluid from 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 out surrounded 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 even if FSH 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 both act on the follicle, causing swelling of the follicle in 

the last few days leading up to ovulation(22).  

 

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 a day before ovulation 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 required for ovulation to occur. Without the surge in LH prior to 

ovulation, ovulation will not take place(28).  

  

The luteal phase of the ovarian cycle 

In the first few hours following the ejection of the ovum from the follicle, 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 luteinisation, gives the cells a yellowish 
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appearance, and 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 large amounts of oestrogen 

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 are subsequently converted into 

oestrogens by aromatases in 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 post-ovulation, the 

corpus luteum begins to involute. It also 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 is entirely 

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 rate of LH 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 concentrations of LH 

and FSH decrease. At 12 days post-formation 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 being secreted 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 and progesterone secretion also leads to a shedding of the lining of the 

uterus (22, 30).  

 

1.4.2 Menstrual Phase  

Menstruation marks the first day of the menstrual cycle and is characterised by the breakdown of 

the functional layer of the endometrium. This usually lasts for four days, although this is variable. 

Histologically, it can be seen that the stroma collapses, collects into compact aggregates that are 

detached from the glands, and the cells no longer appear pre-decidual (11). The glands themselves 

are serrated and also collapse, though they may retain some of the secretory phase-like features. 

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 tissue left and the collapsed glands are tightly packed, making them look similar to the 

appearance of a hyperplasia or carcinoma (11). The appearance of the closely packed endometrial 

glands after the endometrial stroma has broken down is termed papillary syncytial metaplasia 

(PSM); this can be differentiated from a serous carcinoma by immunopositivity for p53. A serous 

carcinoma would broadly be expected to have a diffuse, intense nuclear pattern of staining, whereas 

PSM would either be negative or have a weak and heterogeneous pattern of staining (11).  

 

1.4.3 Proliferative Phase 

The proliferative phase begins as the menstrual phase ends, approximately on day 4 to 7 of the 

menstrual cycle (11, 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 functionalis (11). The proliferative phase can 

loosely be divided into early (day 5 to 7), mid- (day 8 to 10) and late (day 11 to 14) stages (17).  

 

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 increase in 

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 

cross-section (Figure 6A) (11). Longitudinally, the glands appear straight and are short when 

compared to the secretory phase glands (Figure 6B) (17). During the early stages of proliferation 

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

glandular epithelial cells have a pseudostratified cuboidal morphology with focal ciliation caused by 

rising oestrogen levels; the epithelial cells have enlarged oval nuclei that lie close to the basement 

membrane and have little cytoplasm surrounding them (11, 17). In the mid-proliferative phase, 

regenerative activity is at its highest; active mitosis is noted in the glands and the epithelium 

becomes more stratified (11). In the late stages of the proliferative phase, the glands vary more in 

shape and size; they get longer, begin to curve and gradually become more  convoluted (11, 17). 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 cells (11). During this phase, blood vessels present in the endometrium are few 

in number and have thin walls. As the proliferative phase moves into the secretory phase, early signs 

of oedema are present in the stroma and mitotic activity reduces (11).  
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Figure 6 Proliferative phase endometrium - A: Cross section showing tubular glands; B: Longitudinal 
section showing straight glands. 

 

1.4.4 Secretory Phase 

The secretory phase of the menstrual cycle begins after ovulation occurs around the 16th day of a 28-

day cycle. During this phase, the thickness of the endometrium doubles, reaching up to 8 mm. The 

secretory phase changes take place as a result of the post-ovulatory surge of progesterone secreted 

from the corpus luteum (11).  Similar to the proliferative phase, the secretory phase can also be 

subcategorised into early (days 16 to 18), mid- (days 19 to 23) and late (days 24 to 28) phases.  

 

The first recognisable histological changes of the early secretory phase appear approximately 36 to 

48 hours after ovulation occurs. The first change in morphology is subnuclear vacuolisation 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 18th day of the cycle almost all of the glands of the stratum 

A

B
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functionalis will display this 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 activity (11).  

 

As the endometrium moves into the mid-secretory phase, glands produce more secretory material 

within their lumen. During this stage of the secretory phase, the following distinctive changes occur: 

(i) stromal oedema which is most apparent around day 23 (Figure 7A); (ii) an increase and growth of 

spiral arteries; (iii) in the glands, the cytoplasmic vacuoles change from sub- to supranuclear (Figure 

7B); (iv)  glands have a more angular shape and mitotic activity ceases; (v) stromal cells have a 

decidual cell appearance due to the strongly eosinophilic cytoplasm (Figure 7C) (11). During the late 

secretory phase, the stromal cells have the same features as decidual cells seen during pregnancy, 

although not as pronounced. To distinguish between pregnant and late-secretory phase 

endometrium, the histologic appearance of the non-pregnant endometrium is sometimes named 

predecidua (31). When endometrial stromal cells undergo decidualisation, the nuclei become larger 

and rounder and have more nucleoli (32). In the cytoplasm of decidualised stromal cells, lipid 

droplets, glycogen droplets and secretory granules accumulate; the rough endoplasmic reticulum 

and Golgi complex also expand (32). 

 

The most significant change in the endometrium in the secretory phase is the decidualisation of the 

stromal compartment whereby mesenchymal cells differentiate into decidual cells; this 

differentiation involves genetic reprogramming of the cells and is a terminal differentiation (33). 

These changes are apparent at both a macro- and microscopic level; they first occur in the cells 

surrounding the spiral arteries, followed by the superficial stroma of the endometrium and then the 

deeper areas of the endometrial stromal compartment (34).  

 

Between the 24th and 28th days of the cycle the glands begin to look serrated due to secretory 

exhaustion. The pre-decidual changes in the stroma become even more apparent and increase in 

particular in the areas around the spiral arteries (Figure 7B, C) and beneath the luminal epithelium of 

the endometrium, forming the stratum compactum (11). There is also a marked leukocyte 

infiltration of the stroma, in particular uterine natural killer (uNK) 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 stroma (11).  
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Figure 7 Secretory Phase Endometrium ς A: stromal oedema is apparent; B: some glands contain 
supra-nuclear vacuoles and secretions are present within the glandular lumen; decidualised stromal 
cells are particularly evident around spiral arteries (arrows); C: decidualised late secretory phase 
endometrial stroma 
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1.5 The 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 pregnancy (35). 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 blastocyst (36). 

Paradoxically, the endometrium seems to be hostile towards the 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 window is also partially controlled by prostaglandins (36). When the blastocyst enters 

the uterine cavity, it may seem to be able to move freely, however selectins (Table 1) have been 

shown to play a role in the moving, or rolling, of 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 polarised orientationΣ ǘƘǳǎ ǘƘŜ ΨǊƻƭƭƛƴƎΩ ƻŦ ǘƘŜ ōƭŀǎǘƻŎȅǎǘ ƛǎ ǘƛƎƘǘƭȅ ǊŜƎǳƭŀǘŜŘΦ ¢ƘŜ 

ΨŎƻǊǊŜŎǘΩ ŀǊŜŀ ƻŦ ǘƘŜ ŜƴŘƻƳŜǘǊƛǳƳ ƛǎ ǘƘŜ ƭƻŎŀǘƛƻƴ ŀǘ ǿƘich the blastocyst can attach and is 

determined by multiple factors (36). Of these, Mucin-1 (MUC1) (Table 1) repels the blastocyst and 

prevents it from attaching to most areas of the endometrium; MUC1 is present throughout the 

endometrium and increases prior to implantation. The 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 pinopodes (36). The pinopodes only remain fully mature for 1 to 2 

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

lumen than the microvilli expressing MUC1. Following the described apposition, integrins and 

cadherins (Table 1) ensure the blastocyst adheres to the endometrium (36). Pinopodes have been 

described ŀǎ άŦƭƻǿŜǊ-ƭƛƪŜ ƳŜƳōǊŀƴŜ ǇǊƻƧŜŎǘƛƻƴǎέ ǿƘƛŎƘ ŀǊŜ ŦƻǊƳŜŘ ŦǊƻƳ ŦǳǎŜŘ ƳƛŎǊƻǾƛƭƭƛ (37). Their 

presence on the luminal epithelium indicates the window of implantation and failure of the 

endometrium to produce these structures is associated with implantation failure (37, 38). 
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Table 1 Molecules and their proposed function in the endometrium 

Molecule Function 

Selectin 

Selectins are cell adhesion glycoproteins 
directly involved in the attachment of the 

embryo to the endometrium; it is differentially 
expressed by the endometrial luminal and 

glandular epithelium throughout the menstrual 
cycle; with respect to the luminal epithelium 

the study by Lai et al. showed the highest 
expression in the mid-secretory phase and is 

proposed to be a marker of endometrial 
receptivity (39) 

MUC1 

MUC1 is an anti-adhesion molecule that has 
variable expression in the different stages of 

the menstrual cycle with the highest expression 
being noted in the secretory phase (40). In the 
cycling endometrium, Xu et al. have also shown 

that MUC1 expression decreases during the 
window of implantation to allow the blastocyst 
and endometrium to come in close contact; the 
authors also suggest that MUC1 is involved in 
the selection of a high quality conceptus (38). 

Integrin 

Integrins are cell adhesion molecules that 
regulate endometrial receptivity by mediating 

the attachment of the embryo; they are 
regulated by oestrogen and progesterone (41). 
Lessey et al. also add that integrins are can be 
used to appraise if endometrial receptivity is 

normal or abnormal (41). 

Cadherin 

Cadherins are cell adhesion molecules that 
have an increased expression in mid-secretory 
phase endometrial luminal epithelial cells; they 
are directly involved in enabling the embryo to 

implant into the endometrium (42) 

 

 

1.5.1 Pregnant State 

Early pregnancy mirrors an amplified version of the mid- to late secretory phase endometrial 

morphological changes. The hypertrophic and hypersecretory characteristics of the endometrium 

are ǘŜǊƳŜŘ άƎŜǎǘŀǘƛƻƴŀƭ ƘȅǇŜǊǇƭŀǎƛŀέ(11). There are three main features that are encompassed in 

this: the fern-like glands secrete epithelial and intraluminal material; the stroma is oedematous and 

the vasculature of the endometrium becomes congested; the stromal cells differentiate to 

decidualised stromal cells (11).  
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In the first two weeks following embryo implantation, subtle endometrial changes are noted, after 

which morphological changes become more prominent as decidual cells form. Decidual cells are 

larger than pre-decidual cells and have characteristic round nuclei (11). The spiral arteries become 

more prominent, have thicker walls and are surrounded by granulated lymphocytes. Between the 4th 

and 8th weeks of gestation, the glands may focally exhibit cellular stratification, increased secretions, 

cellular cytoplasmic vacuolisation, and nuclear and cytoplasmic enlargement in the epithelial cells to 

up to three times their normal size; these features are called the Arias-Stella reaction and occur in 

response to trophoblastic tissue being present either within or outside the uterus(11).  

 

Pregnancy related changes in the morphology of the endometrium can occur in response to both an 

IUP and EP. The distinction between these states can broadly be made by the presence (IUP) or 

absence (EP) of the trophoblasts in the endometrium (11).  

 

Decidua in pregnancy 

During pregnancy the endometrial decidua has three distinct layers: decidua basalis, decidua 

capsularis and decidua parietalis. The decidua basalis is directly adjoined to the placenta; the 

decidua capsularis surrounds the embryo as it develops and expands within the uterus; the decidua 

parietalis lines the areas of the uterus that are not associated to the placenta (33). Between the 15th 

and 16th week of gestation the decidua capsularis and parietalis fuse (33).  

 

1.5.2 The Immune Cell Profile of the Endometrium  

The most common immune cells found in the uterine lining are T cells, uNK cells and macrophages; B 

cells and neutrophils are sporadically noted in the endometrium; eosinophils and basophils are 

virtually absent (43). The number of T cell present is similar across the proliferative, secretory and 

early pregnant phases, and comprises of 1-2% of the total endometrial leukocyte population (43, 

44). Macrophages are present in similar proportions to the T cells during the proliferative and 

secretory phase; the number of macrophages triples in the stratum basalis during the first-trimester 

(early) decidua but remain static in the parietalis. The uNK cells are the most notable leukocyte of 

the endometrium; during the proliferative phase they remain low in numbers and are diffusely 

scattered in the regenerating endometrium (43). However, the numbers of uNK cells increases 

dramatically in the secretory phase, making up 70% of the endometrial leukocytes present, which in 

turn account for up to 30% of the stroma (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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granular uNK cells diminish in number, however agranular CD56+ uNK cells are still present in the 

decidua (43, 45). 

 

Uterine Natural Killer Cells 

UNK cells differ from natural killer (NK) cells found in the general circulation. Briefly, uNK cells have 

membrane-bound granules that are made up of perforin, granzymes and TIA-1; circulating NK cells 

are typically agranular(46). This gives the uNK cells cytolytic properties that are unexpected in 

normal physiology. Phenotypically, uNK cellular surface markers are CD56brightCD16-, whereas the 

majority of NK cells in the blood stream are CD56dimCD16+ (46).  

 

 

1.5.3 Embryo Implantation: A Brief Overview 

Successful embryo implantation 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 refers to the 

blastocyst coming into contact with the receptive area of the endometrium. Attachment is 

completed when the trophoblast cells adhere to the endometrium. Lastly, invasion refers to the 

trophoblast cells breaching the basement membrane and invading the endometrial 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).  

 

1.6 Viable Pregnancy 

A viable pregnancy broadly refers to the ability of the fetus to survive outside the uterus.  In many 

cases pregnancies are non-viable. This includes early pregnancy loss, extremely premature birth, 

congenital defects, anembryonic gestation, an absent heartbeat in the fetus, molar pregnancy and 

ectopic pregnancy (48). 

 

1.7 The Fallopian Tube 

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

the ovaries. During the  menstruating years, the FT are approximately 9 to 12 cm long and lie on the 

superior margin of the broad ligament, known as the mesosalpinx (14). 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 (interstitial) 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 seen (14).  

 

The vasculature of the FT, located in the mesosalpinx, is supplied by the uterine and ovarian arteries, 

and drains in parallel via tubal veins which in turn drain into the uterine and ovarian veins. The 

lateral parts of the tube are supplied by ovarian vessels whereas the medial areas are supplied by 

the uterine vessels (14). 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 and para-aortic lymph nodes.  

 

The FT itself is made up of three distinct layers (from 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 secretory cells or ciliated cells (Figure 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. The morphology 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 ciliated 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 of a central doublet microtubule, which is 

encircled by nine outer pairs of microtubules (14). 
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Figure 8 A: Secretory cell; B: Ciliated cell; C: Cross-section of cilium depicting microtubule doublets 

 
The FT shows discreet changes which occur during the 28-day menstrual cycle. During the early 

menstrual cycle, the epithelial cells appear short and the secretory cells are not very active. As 

oestrogen levels 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 ovulation (14).  

 

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

leukocytes noted are the cytotoxic and suppressor T cells, which are interspersed in the stroma (14).  

 

1.7.1 Tubal Pathologies 

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

factors of ectopic pregnancy (49).  

 

Hydrosalpinx 

Hydrosalpinx refers to the dilation or distension of the FT (Figure 9), in part or as a whole, caused by 

tubal occlusion. Pathologies that cause hydrosalpinx include: PID (most common), appendicitis, 

previous pelvic surgery, endometriosis and previous abdominal surgery. The most common cause of 

PID itself are sexually transmitted infections (STDs), such as Neisseria gonorrhoeae and 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. Hydrosalpinx accounts for up to 30% of 

oviductal diseases and is the most severe manifestation of this pathology (50).  

 

Nsonwu-Anyanwu et al. suggest that Chlamydia trachomatis promotes infected FT epithelial cells to 

produce reactive oxygen species (ROS) which subsequently causes oxidative stress (OS) (51). They 

also propose that Chlamydial infection makes the FT more sensitive to ROS induced damage, 

particularly chronic inflammation (51). Inflammation due to infection of the FT with Neisseria 

gonorrhoeae can have severe consequences such as tubal scarring, loss of tubal ciliation and tubal 

occlusion (52). 

 

 
Figure 9 Cross section of hydrosalpinx showing dilatation of tubal lumen 

 

Tubal Endometriosis 

The definition of endometriosis is άǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŦǳƴŎǘƛƻƴŀƭ ŜƴŘƻƳŜǘǊƛŀƭ ƎƭŀƴŘǎ ŀƴŘ ǎǘǊƻƳŀ 

ƻǳǘǎƛŘŜ ǘƘŜ ǳǘŜǊƛƴŜ ŎŀǾƛǘȅέ (53, 54). 

 

There are three types of endometriosis that are encompassed by the term "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 myosalpinx (55). 

  

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

of the FT in 25% of women and the isthmic mucosa in approximately 10% of women. This may be a 
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variant of normal physiology, however in cases associated with tubal polyps occluding the tubal 

lumen it is termed intraluminal endometriosis (ILE). ILE can be present in both tubes but is not 

usually associated with endometriotic lesions elsewhere. Even so, ILE causes between 15-20% of 

tubal related infertility and is a risk factor for tubal ectopic pregnancy (55).  

  

Post-salpingectomy endometriosis is the third main type of tubal endometriosis and appears post-

operatively. It appears on the stump of the tube usually between 1 to 4 years after the tubal ligation 

is performed. These endometriotic lesions can affect the entire thickness of the tubal wall and may 

even lead to formation of fistulas. Post-salpingectomy endometriosis has been noted to appear in 

20-50% of FT that have been observed post-sterilisation (55).  

 

1.8 Investigating the mechanisms of aberrant blastocyst implantation in the fallopian 

tube 

The purpose of this thesis is to provide more information about how and why the FT becomes 

permissive to the implantation of a trophoblast. The risk factors of TEP are well- documented 

however the effects on the physiology of the tube are not completely understood (3). The 

endometrium undergoes cyclic changes of which decidualisation is key for a successful pregnancy 

(31, 33, 46). The FT, although a continuum of the endometrium, is not expected to undergo such 

change under healthy physiological circumstances (56). However, the mechanism by which the FT 

allows implantation of the blastocyst at a microscopic level remains to be elucidated. This represents 

a void in the understanding of normal and pathological FT, and the circumstances under which 

embryo implantation is possible in the FT. We hypothesize that tubal damage may allow for a degree 

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

  

To begin to answer this question, a systematic literature search to determine what is already known 

about tubal decidualisation was undertaken. This was followed by two observational 

immunohistochemical studies assessing healthy and damaged FT. The pathological conditions 

examined will be endometriosis and hydrosalpinx, which as previously mentioned are considered 

risk factors for TEP.  

 

The first study focuses on assessing the presence of known decidual markers in cycling FT and 

matched endometrial samples to determine if the epithelial and stromal compartments show 

cyclicity in the expression of these proteins. In particular, the classic markers of decidualisation 

prolactin and insulin-like growth factor binding protein 1 (IGFBP-1), and the forkhead transcription 

factors FOXO1A and FOXD3 were explored. FOXD3 in particular has been recently proposed to be 
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involved endometrial stromal decidualisation (Mathew et al.(57)) and has not been widely explored 

in the literature. 

 

The second study explores features of damaged FT. These will include expression levels of markers 

of decidualisation, immune cell profile, steroid hormone responsiveness and cell proliferation. This 

study builds on a previous study conducted by our research group based in the [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ 

Hospital (Maclean et al. (56)) which explored steroid hormone responsiveness and proliferation in 

healthy cycling FT. 

 

1.9 Hypotheses 

 

¶ FOXO1A, IGFBP-1 and PRL are expected to show increased expression in the secretory phase 

human endometrium (where decidualisation occurs) compared to the proliferative 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. 

¶ Damaged FT with hydrosalpinx or endometriosis may be associated with abnormal 

expression of markers of decidualisation, immune cell infiltration, steroid hormone 

responsiveness and cell proliferation.  
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Chapter 2 Exploring the presence of markers of decidualisation in 

damaged and healthy fallopian tubes: a systematic scoping review 

 

2.1 Abstract 

2.1.1 Purpose 

The objective of this systematic scoping review is to compile the available evidence surrounding 

decidualisation in the fallopian tubes. 

 

2.1.2 Methods  

A literature search was performed in ten databases on the 3rd of February 2021 to identify studies 

evidencing decidualisation in healthy and damaged fallopian tubes in women of menstruating age. 

Relevant studies were identified following screening using predetermined inclusion and exclusion 

criteria.  

 

2.1.3 Results  

A total of 25 studies were included in this systematic scoping review. Tubal ectopic decidua was 

most reported in post-partum fallopian tubes, and rarely in tubal ectopic pregnancies. Cellular 

markers associated with decidualisation have also been characterised in tubal ectopic pregnancy. 

 

2.1.4 Conclusion  

Fallopian tubes are able to undergo decidual changes under specific circumstances, however, the 

exact mechanism by which this occurs is poorly understood. Further research is needed to elucidate 

the mechanism by which decidualisation can occur in the fallopian tubes.  
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2.2 Introduction 

The fallopian tubes (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 endometrium(58). However, the FT can also be associated with pathological 

processes causing tubal damage, and consequences of which may include life threatening 

complications such as ectopic pregnancy (59).  

Ectopic pregnancy is defined as the implantation of a blastocyst outside the uterine endometrial 

lining(1). Whilst ectopic pregnancies only occur in 2% of all pregnancies, they account for 8-9% of 

maternal mortality; over 95% of ectopic pregnancies are located in the FT, with the majority 

implanting in the ampulla (1, 60). Risk factors for ectopic pregnancy include, but are not limited to, 

previous tubal surgery, existing tubal pathology and previous infection of the genital tract (61). 

However, many ectopic pregnancies occur in women without any known risk factors (1, 62). This 

traditional postulation that ectopic pregnancy is a direct consequence of a damaged tube is not fully 

confirmed by the available evidence (1).  

Pelvic inflammatory disease (PID) and previous tubal damage, such as FT surgery and prior EP, are 

common risk factors of TEP (62).  PID refers to the infection of the upper genital tract that instigates 

pathologies of the FT (63). The pathologies include salpingitis, pyosalpinx and if the FT becomes 

obstructed, hydrosalpinx (50, 63). Salpingitis refers to an inflammatory and oedematous FT following 

ascending infection (63). Pyosalpinx refers to a FT that is distended with pus due to obstruction 

following inflammation and subsequent formation of adhesions around the FT (63). Hydrosalpinx 

describes a distended fluid-filled FT that occurs as a result of tubal obstruction (63).  

Tubal mucosa exists as a continuum with the endometrium, but unlike the endometrium, tubal 

mucosa is not known to be responsive to ovarian hormones or go through the cyclical changes (56). 

Endometrium is the location of normal embryo-implantation and decidualised receptive 

endometrium is a pre-requisite for embryo implantation. A 2010 review detailing knowledge of 

possible functional mechanisms by which risk factors, such as infection, predispose tubal ectopic 

pregnancies, concluded that the exact mechanism by which these occur is still not understood(64). 

One hypothesis is that the FT become receptive to the conceptus, thus allowing it to 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 decidualisation(33, 36). 

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

through which the endometrial stratum functionalis changes to allow a blastocyst to 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 in the decidual remodelling and immune 

tolerance of the endometrium to the embryo during pregnancy (65). Humans are amongst the few 

viviparous species in which the endometrium will begin the process of decidualisation, independent 

of the presence of a conceptus, during the post-ovulatory secretory phase of the menstrual cycle(32, 

33). The decidual reaction is key to 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 wall(47). An abnormal decidual response can lead to early and late gestational problems 

such as recurrent implantation failure and preeclampsia (34). A recent study by Maclean et al. 

explored the hormonal response of the FT during the menstrual cycle, reported that the FT do show 

variance in the expression of hormone receptors during the menstrual cycle (56) thus suggesting 

that FT would not be expected to decidualise. 

To date, no comprehensive review on the decidualisation of 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 evidence surrounding the possibility of 

decidualisation occurring in the FT. 

2.3 Aim 

This review aims to compile the current evidence on cellular decidualisation occurring in the FT.   

2.4 Methods 

2.4.1 Literature search 

The literature search was concluded on 3rd February 2021 in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) reporting guidelines. The   

following databases were used: Scopus, Pubmed, Medline, AMED, BNI, CINAHL, EMBASE, EMCARE, 

HMIC, PsychINFO. With the 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 (Table 2). The search strategy only included the necessary key words to identify all papers 

relating to decidualisation in the FT. An asterisk was used to allow for different forms of the word 

depending on context; for example, ǘƘŜ ǘŜǊƳ άǘǳōϝέ ǎŜŀǊŎƘŜǎ ŦƻǊ ŀƴȅ ǿƻǊŘ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ άǘǳōέ 

encompassing ŘŜǎƛǊŜŘ ǘŜǊƳǎ ǎǳŎƘ ŀǎ άǘǳōŜέΣ άǘǳōŜǎέΣ ŀƴŘ άǘǳōŀƭέΦ  
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Table 2 Scoping review search strategy detailing full search terms for each database; * is used for 
truncation 

Database Search terms 

AMED, BNI, HMIC Fallopian tub* OR Oviduct* 

Scopus, Pubmed, Medline, CINAHL, EMBASE, 
EMCARE, PsychINFO 

(Fallopian tub* OR Oviduct*) AND decidua* 

 

2.4.2 Inclusion and exclusion 

The inclusion and exclusion criteria were streamlined to effectively compile publications providing 

evidence of decidual changes in the tube, or lack thereof, to be selected for the review; the inclusion 

and exclusion criteria are summarised in Table 3.  Women of menstruating age were included as 

post-menopausal 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 pre- and post-menopausal women in the study 

population, it was included in the review.  

A preliminary search of available literature did not identify a previous systematic review compiling 

evidence of decidualisation in the FT. Thus, no constraint was placed on the date of publication of 

studies.  

The two main aspects of endometrial priming for pregnancy are decidual changes including cell 

signalling pathways and associated proteins, and the immune cell profile of the endometrium (33). 

The scope of this review focuses on the decidual aspect so a search for leukocytes was not 

conducted for this specific review. Firstly, any papers that were not about the FT were excluded; if a 

study included evidence surrounding decidual changes in the FT but did not necessarily have this as a 

focal point of the study, it was included. As the immune cell profile of the endometrium is a key 

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 aspect of decidualisation 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 embryo; in most other mammals the presence of 

an embryo instigates decidualisation (34). As spontaneous decidualisation is rare amongst most 

mammals, the significance of these studies with regards to human normal physiology and 

pathophysiology is more difficult to comprehend; thus this review will focus solely on studies 

investigating human physiology. 
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Table 3 Summary of inclusion and exclusion criteria for the selection of papers to be included in this 
review 

Inclusion criteria Exclusion criteria 

1. Study explores FT 
2. The patient population included 

women of menstruating age  
3. Leukocyte and/or leukocyte markers 

were examined 
4. Markers of, or relating to, 

decidualisation were explored 

1. They did not include FT  
2. The participants were post-menopausal 

women 
3. Animal studies  

 

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 and resolved between the two reviewers, producing 

the final cohort of papers to be included in the results; if there was uncertainty a third reviewer was 

consulted.  

 

2.4.4 Data Charting  

The two reviewers used an iterative process to create the charting form jointly. The 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; identify 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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2.5 Results  

Using the predefined 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 using 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 below; a 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 (Figure 10).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Reports assessed for eligibility 
(n = 47) 

Figure 10 PRISMA Diagram 

Records identified from*: 
Databases (n = 625) 
 

Records removed before 
screening: 

Duplicate records removed  
(n = 372) 

 

Records screened 
(n = 253) 

Records excluded** 
(n = 204) 

Reports sought for retrieval 
(n = 49) 

Reports not retrieved 
(n = 2) 

Reports excluded: 
Full paper not in English (n = 15) 
No tubal specimen examined (n 
= 1) 
Does not give insight into 
evidence of decidual reaction in 
FT (n = 6) 

 

Studies included in review 
(n = 25) 
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2.5.1 Characteristics of Sources of Evidence 

Table 4 Characteristics of research papers included in this review as presented by the authors. In the studies where the authors conclusions are not directly 
relevant to this review, the information extracted from said studies that was relevant to this review has been made evident as: RF (relevant findings); IHC 
(immunohistochemistry), PCR (polymerase chain reaction), FT (Fallopian tube(s)), EP (ectopic pregnancy), TEP (tubal ectopic pregnancy), IUP (intratuerine 
pregnancy), ER (oestrogen receptor), PR (progesterone receptor), hCG (human chorionic gonadotrophin), MUC1 (Mucin-1) 

Title First Author 
Publication date 
(year) 

Study Type Aims Method Authors Conclusions  

Alteration of the immune cell profiles 
in the pathophysiology of tubal 
ectopic pregnancy (66) 

Xia Wang  2019 Review [1] compare the 
leukocytic proportions in 
decidua of normal 
pregnancy and in decidua 
and FT of tubal ectopic 
pregnancy [2] discuss 
possible functions of 
immune cells in the 
pathophysiology of TEP  

Review [1] the high number of inflammatory leukocytes in the FT 
may be an important predisposing factor to TEP  

Characterization of tubal and decidual 
leukocyte populations in ectopic 
pregnancy: Evidence that endometrial 
granulated lymphocytes are absent 
from the tubal implantation site (67) 

Neratzoula 
Vassiliadou 

1998 Observational characterize and 
compare leukocyte 
populations at the tubal 
implantation site, away 
from the tubal 
implantation site, in 
intrauterine decidua 
associated with EP and in 
intrauterine decidua of 
normal intrauterine 
pregnancy 

IHC  [1] absence of uNK cells at the site of tubal implantations 
suggests that local presence of those cells is not essential 
for implantation and early placental development events 
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Decidual Reaction and Tubal 
Pregnancy (68) 

A. Wist 1954 Observational to present personal 
observations associated 
with decidual reactions in 
connection with tubal 
pregnancy 

  [1] chemotactic attraction of decidual reaction to the ovum 
is an assumption [2] decidual polyps sometimes act as 
mechanical obstacles to the passage of the ovum in the 
tubal lumen [3] the decidual reaction is only of secondary 
importance in the aetiology of tubal pregnancy and is to be 
regarded as a result of pregnancy rather than as the cause 
of tubal implantation 

Decidual Reactions in Fallopian Tubes: 
Histologic Study of Tubal Segments 
from 144 Post-partum Sterilizations 
(69) 

I. L Tilden 1943 Observational prompted by frequent 
observation of decidual 
reaction in tubal section 
post partum over 
previous 2 years 

 
[1]1 This study indicates that decidual reactions FT may 
occur more often than is generally believed [2] The fact 
that 67% of the patients showing a tubal decidual 
reaction were Hawaiians or part Hawaiians, together with 
our inability to find a similar report in the literature, 
suggests, however, that the phenomenon may be a purely 
local one, perhaps dependent upon racial or climatic 
factors [3] It is further suggested that it may have an 
etiologic bearing 
upon the high incidence of ectopic gestation in Hawaii 

Decidual transformation of human 
extrauterine mesenchymal cells is 
associated with the appearance of 
insulin-like growth factor-binding 
protein-1 (70) 

Eeva-Marja 
Rutanen 

1991 Observational investigate the presence 
of IGFBP-1 in various 
extrauterine tissues 
which contained 
morphologically similar 
cells to endometrial 
decidual cells 

IHC [1] significance of ectopic decidual cells is unknown [2] 
decidual transformation regardless of location is associated 
with the appearance of IGFBP-1 

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

Ulrike von 
Rango 

2011 Observational to distinguish endocrine 
and paracrine influences 
on leukocyte 
subpopulations in uterine 
and tubal implantation 
sites 

IHC [1] Leukocyte populations present in the tubal and uterine 
mucosa are an intrinsic characteristic of these tissues [2] 
the number of CD45+ leukocytes, mainly composed of 
CD68+ macrophages, increased from non-pregnant FT to 
TEP; the distinct leukocyte distribution pattern at the 
implantation sites suggests that the 
invading trophoblast exerts a paracrine influence on 
endometrial and endosalpingeal leukocytes [3] The absence 
of natural killer cells from the tubal wall may be one reason 
for the higher degree of invasiveness of the trophoblast at 
the tubal implantation site 
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Evidence of a limited contribution of 
feto-maternal interactions to 
trophoblast differentiation along the 
invasive pathway (72) 

F. Goffin 2003 Observational [1] compare expression 
of specific markers of 
decidualisation at the 
site of implantation of 
intrauterine pregnancies 
and tubal pregnancies [2] 
compare pattern of 
trophoblast 
differentiation marker 
expression in in viable 
intrauterine and tubal 
pregnancies 

IHC, RT-PCR [1] decidua is not necessary to trigger EVT invasion but 
likely to limit extent of trophoblast cell columns and 
accelerate onset of extra villous trophoblast invasion [2] 
phenotype switch of EVT's from differentiating phenotype 
to invasive phenotype is insensitive to maternal 
environment which is why it is maintained in tubal 
pregnancies and does not require a differentiated decidua 

Extra-Uterine Decidua (73) R. E. Rewell 1971 Observational 
& Case 
Report 

 N/A N/A [1] decidua in tubes during pregnancy seems to be more 
common in later stages of pregnancy [2] decidua will not 
usually be formed in the tube during early pregnancy or 
due to tubal ectopic pregnancy (affected tube); decidua 
found in contralateral tube [3] the FT seem to be less 
sensitive to progestagens produced by the corpus luteum 
(high levels in early pregnancy) and more sensitive to those 
from placenta which takes over progestagen production 
from the fourth month onwards 

Histologic Features of Surgically 
Removed Fallopian Tubes (74) 

Jennifer L. Hunt  2002 Observational analyse all FT from 
various surgical 
procedures with different 
associated clinical 
symptoms and record 
frequency of histologic 
findings 

H&E [1] the results of this study describe different 
developmental, reactive and metaplastic changes in FT and 
report correlations between the pathologies, the age of the 
ǇŀǘƛŜƴǘǎ ŀƴŘ ǘƘŜ ǇŀǘƛŜƴǘǎΩ ŎƭƛƴƛŎŀƭ ƘƛǎǘƻǊȅ ώwCϐ ǘǳōŀƭ ŜŎǘƻǇƛŎ 
decidua was found in 3% of the FT examined and were all 
from postpartum patients  



44 
 

Immune Cells in the Female 
Reproductive Tract (44) 

Sung Ki Lee  2015 Review review current 
knowledge about the 
immune system in the 
female reproductive tract 
and discuss the clinical 
significance 

review [1] NK cells and Treg cells are important for decidual 
angiogenesis, trophoblast migration, immune tolerance 
during pregnancy [2] dysregulation of endometrial/decidual 
immune cells is strongly related to infertility, miscarriage, 
other obstetric complications [RF1] immune cells in the 
upper reproductive tract (FT, uterus, endocervix) establish 
immune tolerance for sperm and embryo/fetus [RF2] The 
most abundant leukocytes in FT are T cells and to a lesser 
extent granulocytes  (neutrophils, mast cells and 
eosinophils) 

Immunohistochemical analysis of 
oestrogen and progesterone 
receptors in fallopian tubes during 
ectopic pregnancy (75) 

J. A. Land 1992 Observational study decidualisation, 
oestrogen receptor and 
progesterone receptor in 
FT containing EP 

light microscopy, 
IHC 

[1] absence of progesterone receptors in tube may prevent 
adequate decidualisation in ectopic pregnancy [2] 
minimal/absent decidualisation in FT 2 indicates that tubal 
implantation is mainly caused by trophoblast activity [3] 
absence of progesterone receptors is correlated to failure 
of treatment of ectopic pregnancy with antiprogestins 

Immunolocalization of integrins and 
fibronectin in tubal pregnancy (76) 

Sevinc Inan 2004 Observational to investigate the 
expression of integrins 
όʰоΣ ʲмΣ ʰ±Σ ʰнʲмύ ŀƴŘ 
fibronectin in tubal 
samples with ectopic 
pregnancy and control 
tubal samples 

IHC ώмϐ ƛƴǘŜƎǊƛƴǎ όƛƴ ǇŀǊǘƛŎǳƭŀǊ ʰо ŀƴŘ ʲмύ ŀƴŘ ŦƛōǊƻƴŜŎǘƛƴ Ƴŀȅ 
play a role in progression of tubal implantation [2] suggest 
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 



45 
 

Local foetal signal is not required for 
maintaining IGFBP gene expression in 
the human decidua: evidence from 
extrauterine pregnancies (77) 

M Zygmunt 2000 Observational to determine whether 
local stimulus from the 
fetus is important in the 
regulation of IGFBP gene 
expression in human 
decidua 

in-situ 
hybridization, IHC 

[1] the fact that the IGFBP mRNAs were expressed similarly 
in both intra- and extrauterine pregnancies indicates that 
the local physical stimulus from an implanting fetus is not 
necessary to induce or maintain IGFBP gene expression  
 
[RF] in TEP it is indicted that decidualisation has occurred at 
the site of implantation due to the presence of IGFBP-1 and 
IGFBP-1 mRNAs 

Macroscopic deciduosis in pregnancy 
is finally a common entity (78) 

Georges A. 
Markou 

2016 Prospective [1] to determine the 
prevalence of 
macroscopic deciduosis 
in caesarean sections [2] 
to study the association 
with any obstetrical 
complications or adverse 
effects 

H&E, IHC, Clinical 
examination 

[1] macroscopic lesions of ectopic decidua in the uterus, 
ovaries or FT are usually benign [2] it is associated with 
abdominal pain but not correlated with any obstetrical 
complications [3] total remission in the postpartum period 
[4] presence of endometriosis does not seem to have a 
major impact on the incidence of deciduosis  

Placentation in the Fallopian Tube 
(79) 

Sarah Randall 1987 Observational to dissect the relative 
roles played by 
trophoblastic and 
maternal tissues in the 
process of tubal 
implantation and 
placentation 

H&E and light 
microscopy  

[1] it is the trophoblastic activity that causes blastocyst 
implantation and subsequent placentation [2] blastocyst 
appears to be able to implant into any part of the FT it 
comes in contact with when it is at the appropriate stage of 
its development and the maternal tissues appear to play a 
purely passive role 

Pseudo-decidualisation at the site of 
implantation in tubal pregnancy (80) 

U. M. Spornitz 1993 Observational  N/A light microscopy 
and electron 
microscopy 

[1] decidua-like cells seen at the site of TEP are of 
cytotrophoblastic origin, not of maternal origin, and should 
be termed pseudodecidual cells [2] fibrinoid present in the 
utero-placental interface is of maternal origin 

Reduced expression of aquaporin 9 in 
tubal ectopic pregnancy (81) 

Yin Fen Ji 2012 Observational to examine the cellular 
localization and changes 
in protein expression of 
aquaporin 9, oestrogen 
receptors and 
progesterone receptors 
in FT during tubal 
pregnancy  

IHC [1] expression of AQP9 in the FT may be significant during 
tubal implantation [2] no correlation between AQP9 and ER 
or PR away from implantation site of TEP or normal FT 
 
[RF1] ER and PR immunostaining was primarily localised to 
the epithelial cell nuclei [RF2] ER and PR had weak 
immunostaining at the site of implantation in TEP, whereas 
stronger staining was seen away from the site of 
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implantation; staining away from the site of implantation 
was similar to staining seen in mid-secretory phase tubes 

The expression of activins, their type 
II receptors and follistatin in human 
Fallopian tube during the menstrual 
cycle and in pseudo-pregnancy (82) 

Bassem Refaat 2011 Observational To examine the 
expression of activin 
subunits, their receptors 
and follistatin in human 
FT collected from 
different stages in the 
menstrual cycle and from 
pseudo-pregnant women 

IHC, (cDNA 
synthesis for) 
quantitative PCR 

[1] Tubal activins and their related molecules are involved 
in regulation of FT physiology in a paracrine/autocrine 
action [2] increase in expression of candidate molecules 
during luteal phase suggests that activins may have a role 
in fertilization and in preimplantation embryo development 
in humans [3] exposure of the tubal epithelium to hCG 
modulates the expression of tubal activins 

The Expression of Activin-ʲ!- and -ʲ.-
Subunits, Follistatin, and Activin Type 
II Receptors in Fallopian Tubes 
Bearing an Ectopic Pregnancy (83) 

Bassem Refaat 2007 Observational to investigate whether 
epithelium from FT 
bearing an ectopic 
pregnancy differs from a 
normal tube in 
expression of TGF-ʲ 
family and related 
proteins and their 
receptors 

IHC, (cDNA 
synthesis for) 
quantitative PCR 

[1] Activin-A expression by tubal epithelial cells may 
stimulate tubal decidualisation and trophoblast invasion 
within the tube [2] an increase in activin-A expression by 
tubal epithelial cells may increase production of NO in 
concentration-dependent manner, which will result in 
pathological relaxation of the tubal smooth muscles, failure 
of propulsion of the early embryo along the FT and the 
development of EP  

The expression of MUC1 in human 
Fallopian tube during the menstrual 
cycle and in ectopic pregnancy (84) 

M. Al-Azemi 2009 Observational To determine whether 
abnormal tubes bearing 
an EP differ from healthy 
tubes in the expression 
and glycosylation of 
MUC1 

IHC, quantitative 
PCR 

[1] Decrease in MUC1 expression in EP indicates an 
alteration in tubal epithelial properties in women suffering 
EP [2]. Such changes may impact on both the receptivity of 
the tubal surface towards a potentially implanting embryo 
and the ability of the tubal environment to facilitate zygote 
transport to the uterus [3]. Decrease in MUC1 expression 
and altered glycosylation in tubal epithelium from EP may 
reflect an increase in receptivity 
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The immunophenotype of human 
decidua and extra-uterine decidual 
reactions (85) 

M. K. Heatley 1996 Observational to ascertain if the 
morphological 
similarities of 
decidualised cells at 
intra-uterine and extra-
uterine sites were 
reflected at a functional 
level 

IHC [1] The results show that extra-uterine mesenchymal cells, 
such as in the FT, that have undergone a decidual reaction 
correspond closely to their counterparts in the endometrial 
stroma 
 
[RF} post-partum decidual stroma was noted in the FT 

The Level of Human Decidua-
Associated Protein (hDP) 200, 
Identified as a Monoclonal 
Rheumatoid Factor in the Fallopian 
Tube (86) 

Reuvit Halperin 1999 Observational to examine whether 
ectopic pregnancy is 
associated with 
increased levels of hDP 
200 

double-site 
enzyme-linked 
immunosorbent 
assay 

increased levels of monoclonal rheumatoid factor hDP 200 
might be associated with the implantation site of 
pregnancy 

Tubal versus uterine placentation: 
similar HLA-G expressing extra villous 
cytotrophoblast invasion but different 
maternal leukocyte recruitment (87) 

J. Proll 2000 Observational to evaluate the 
importance of HLA-G in 
the outcome of 
pregnancy in vivo 

IHC [1] HLAG is expressed by invasive EVCT, independently of 
the maternal tissue environment [2] HLA-G is unlikely to 
control the recruitment of maternal leukocytes to the site 
of implantation [3] NK cells might not be essential for 
proper implantation and outcome of pregnancy [4] tubal 
leukocyte composition may favour unique innate defence 
and local mucosal immunity without compromising 
potential pregnancy 

Uterine (CD56+) Natural Killer Cells 
Recruitment: Association with 
Decidual Reaction Rather than 
Embryo Implantation (88) 

Jaume Ordi  2006 Observational investigate number and 
distribution of leukocyte 
populations within 
decidual tissue from 
different locations 
(emphasis on uterine and 
peripheral type NK cells 
in [1] non-pregnant 
decidualised 
endometrium, [2] ectopic 
decidua associated with 
IU pregnancy, [3] tubal 
implantation sites) 

IHC [1] immunomodulation of uNK cells regulated mainly by 
hormones  [2] CD56+ NK cells closely related to decidua 
irrespective of eutopic or ectopic rather than to 
implantation site  
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Table 5 Colour key for themes 

THEMES THEME COLOUR 

Post-Partum Tubes Show Decidualisation   

Ectopic Pregnancy and Tubal Decidualisation   

Leukocyte Distribution Shows Consistently Low UNK Cells    

Cellular Markers Associated with Decidualisation   

Why does the fallopian tube fail in 
ectopic pregnancy? The role of 
activins, inducible nitric oxide 
synthase, and MUC1 in ectopic 
implantation (89) 

Bassem Refaat 2012 Observational To investigate the 
epithelial expression of 
activin-A, activin type IIA 
and IIB receptors, 
inducible nitric oxide 
synthase, and mucin-1 in 
FT bearing 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 the 
tubal epithelium may play and important role in the 
pathogenesis of EP but not in determination of 
implantation site [2] expression of candidate molecules by 
human trophoblast suggests a role for them in the 
regulation of placentation in early pregnancy 
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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 pregnancy (66) 

[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 [3] FT during 
EP 

- 
Tubal ectopic 
pregnancy 

[1] CD56+ NK cells (subcategorised into 
CD56brightCD16- ; CD56dimCD16+) [2] CD3+ 
T cells [3] CD8+ cytotoxic T cells 

  

Characterization of tubal and decidual leukocyte 
populations in ectopic pregnancy: Evidence that 
endometrial granulated lymphocytes are absent 

from the tubal implantation site (67) 

[1] ectopic pregnancy tubal 
implantation site [2] ectopic 
pregnancy tubal tissue away from 
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 cells) 
[4] CD45RA (B cells) [5] CD57 (classic NK 
cells) [6] CD20 (B cells) [7] CD56 (endometrial 
granulated lymphocytes) [8] CD3 (T cells) 

   

Decidual Reaction and Tubal Pregnancy (68) tubal pregnancy 104   N/A  
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Decidual Reactions in Fallopian Tubes: Histologic 
Study of Tubal Segments from 144 Post-partum 

Sterilizations (69) 

consecutive post-partum tubal 
segments 

144   N/A   

Decidual transformation of human extrauterine 
mesenchymal cells is associated with the 

appearance of insulin-like growth factor-binding 
protein-1 (70) 

tissues stromal cell 
decidualisation: [1] tissue from 
peritoneum midgestation [2] 
uterine cervix midgestation [3] FT 
from term pregnancies [4] 
superficial ovarian biopsy after 
caesarean section [5] decidual 
and placental tissue from elective 
termination of early pregnancy 
(control) 

[1] 1 [2] 2 [3] 8 [4] 8 [5] 10   IGFBP-1    

Effects of trophoblast invasion on the distribution 
of leukocytes in uterine and tubal implantation 

sites (71) 

[1] decidual tissue from normal 
healthy first trimester intra-
uterine pregnancy [2] FT with 
ectopic pregnancy [3] 
endometrial decidual tissue 
associated with ectopic 
pregnancy [4] FT from 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 (T-suppressor cells or 
cytotoxic T cells) 
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Evidence of a limited contribution of feto-
maternal interactions to trophoblast 

differentiation along the invasive pathway (72) 

[1] tubal pregnancy [2] placental 
tissue (control) 

16 [1] 6 [2] 11 
Tubal ectopic 
pregnancy 

markers of extra-villous cytotrophoblast 
proliferation, invasion and differentiation[1 - 
10]: [1] cytokeratin 07 [2] vimentin [3] 
human placental lactogen (hPL) [4] a6 
subunit [5] e-cadherin [6] epidermal growth 
factor receptor (EGF-R) [7] c-erbB2; connexin 
40/32/43 [8] cyclin dependent kinase 
inhibitors (p16, p57) [9] ki-67 [10]human 
leukocyte antigen-G (hla-g) ; markers of 
decidualisation [11 - 12]: [11] prolactin [12] 
IGFBP-1 

  

Extra-Uterine Decidua (73) 

[1] proliferative phase 
endometrium in parallel to 
ovarian pregnancy where 
conceptus was presumed to have 
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 
Fallopian Tubes (74) 

[1] FT 287 tubes from 145 patients 

fibrosis, oedema, 
inclusion cysts. 
Walthard nests, 
pigmentosis tubae, 
Wolffian duct 
remnants, decidualised 
stroma, 
endosalpingiosis, 
metastatic carcinoma, 
epithelial atypia, 
epithelial vacuolization, 
epithelial metaplasia, 
epithelial 
tufting/stratification, 
inflammation (mast 
cells, plasma cells, 
neutrophils, lymphoid 
follicles) 

N/A   

Immune Cells in the Female Reproductive Tract 
(44) 

N/A N/A   

[1] CD3+ (T cells) [2] CD45+ (leukocytes) [3] 
CD66b+ (granulocytes including neutrophils, 
mast cells and eosinophils) [4] CD14+ 
(monocyte) [5]  CD19+ (B cells) 

  

Immunohistochemical analysis of oestrogen and 
progesterone receptors in fallopian tubes during 

ectopic pregnancy (75) 
[1] ampullary EP 12 ectopic pregnancy 

[1] oestrogen receptor [2] progesterone 
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]normal areas 
of FT with ectopic pregnancy 
(control) 

35 [1,3] 30 [2] 5 
Tubal ectopic 
pregnancy 

ώмϐ ƛƴǘŜƎǊƛƴǎ όʰоΣ ʲмΣ ʰ±Σ ʰнʲмύ ώнϐ 
fibronectin 

   

Local foetal signal is not required for maintaining 
IGFBP gene expression in the human decidua: 
evidence from extrauterine pregnancies (77) 

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

[1,2] 6 [3,4] 6 
Tubal ectopic 
pregnancy 

[1] cytokeratin (marker of trophoblast and 
epithelial cells) [2] IGFBP-1 [3] IGFBP-2 [4] 
IGFBP-3 [5] IGFBP-4 [6] IGFBP-5 [7] IGFBP-6 

  

Macroscopic deciduosis in pregnancy is finally a 
common entity (78) 

biopsies from macroscopically 
visible lesions during caesarean 
section in the uterus, ovaries 
and/or FT 

31   

[1] Ki-67 (cellular marker for proliferation) [2] 
calretinin [3] cytokeratin (marker expressed 
in mesothelial cells) [4] CD10 (marker was 
positive as a membrane stain)  

  

Placentation in the Fallopian Tube (79) FT containing ectopic gestation  105 
Tubal ectopic 
pregnancy 

N/A   
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Pseudo-decidualisation at the site of 
implantation in tubal pregnancy (80) 

tubal pregnancies at site of 
implantation 

3 
Tubal ectopic 
pregnancy 

N/A   

Reduced expression of aquaporin 9 in tubal 
ectopic pregnancy (81) 

[1] ampullary tubal ectopic 
pregnancy at implantation site [2] 
ampullary tubal ectopic 
pregnancy away from 
implantation site [3] normal FT in 
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 II receptors 
and follistatin in human Fallopian tube during the 

menstrual cycle and in pseudo-pregnancy (82) 

[1] menstrual cycle group in 
follicular, luteal and menstrual 
stage [2] pseudopregnancy (post-
hCG injection) FT  

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

  
[1] activin-ʲ! ǎǳōǳƴƛǘ ώнϐ ŀŎǘƛǾƛƴ-ʲ. ǎǳōǳƴƛǘ 
[3] activin receptor type IIA [4] activin 
receptor type IIB 

  

The Expression of Activin-ʲ!- and -ʲ.-Subunits, 
Follistatin, and Activin Type II Receptors in 

Fallopian Tubes Bearing an Ectopic Pregnancy 
(83) 

[1] FT with EP [2] 
pseudopregnancy (post-hCG 
injection) FT (control) 

[1] 15 [2] 6 
Tubal ectopic 
pregnancy 

[1] activin-ʲ!-subunits [2] activin-ʲ.-subunit 
[3] follistatin [4] ActRIIA [5] ActRIIB 
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The expression of MUC1 in human Fallopian tube 
during the menstrual cycle and in ectopic 

pregnancy (84) 

[1] menstrual cycle group in 
follicular, luteal and menstrual 
stage  [2] FT with EP [3] 
pseudopregnancy (post-hCG 
injection) FT (control) 

[1] 24 (from 12 women; 4 per 
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 reactions (85) 

Decidua associated with products 
of conception from intra-uterine 
and extra-uterine gestations and 
decidualised 
tissue from the appendix, cervix 
and FT 

43   

[1] cytoskeletal protein [2] S-100 proteins [3] 
histiocytic antigens [4] placental alkaline 
ǇƘƻǎǇƘŀǘŀǎŜ ώрϐ ʲ ƘǳƳŀƴ ŎƘƻǊƛƻƴƛŎ 
gonadotrophin [6] CD45 [7] CD20 [8] CD3 [9] 
CD68 

  

The Level of Human Decidua-Associated Protein 
(hDP) 200, Identified as a Monoclonal 

Rheumatoid Factor in the Fallopian Tube (86) 

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

[1] 20 [2] 14 
Tubal ectopic 
pregnancy 

human decidua associated protein (hDP) 200    

Tubal versus uterine placentation: similar HLA-G 
expressing extra villous cytotrophoblast invasion 
but different maternal leukocyte recruitment (87) 

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

[1] 7 [2] 2 [3] 3 
Tubal ectopic 
pregnancy 

[1] cytokeratin 7 [2] vimentin [3] HLA-G [4] 
HLA-A [5] HLA-B [6] HLA-C [7] HLA-E [8] pan 
¢/w ʰκʲ ώфϐ ¢/w ±ʵн ώмлϐ I[!-DR [11] 
IR1/ILT.2 [12] LIR2/ILT4 [13] BY55 ; immune 
cell markers: [1] CD1a, -b, c [2] CD4 [3] CD8 
[4] CD14 [5] CD16 [6] CD20 [7] CD25 [8] CD56 
[9] CD83 [10] CD94 
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Uterine (CD56+) Natural Killer Cells Recruitment: 
Association with Decidual Reaction Rather than 

Embryo Implantation (88) 

[1] decidualised endometrium 
due to progestin therapy [2] IU 
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 
pregnancy, ectopic 
decidua 

[1] cytokeratin 7 (in epithelial cells and 
ǘǊƻǇƘƻōƭŀǎǘǎύ ώнϐ ʰ-inhibin (trophoblasts) [3] 
CD3+ (T cells) [4] CD4+ (Helper T cells) [5] 
CD8+ (cytotoxic-suppressor T cells) [6] CD20+ 
(b cells) [7] CD68+ (monocyte-macrophages) 
[8] CD16+ (peripheral NK cells, macrophages, 
neutrophils) [9] CD56+ (uterine NK cells) [10] 
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] FT with EP i. at site of 
implantation ii. Away from site of 
implantation of the same tube  
[2]pseudopregnancy (post-hCG 
injection) FT [3] luteal phase FT 
(control) [4] endometrial biopsy 
from pseudo pregnant group 
(control) 

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

Tubal ectopic 
pregnancy 

ώмϐ ʲ! ǎǳōǳƴƛǘ ώнϐ LL! ŀƴŘ LL. ǊŜŎŜǇǘƻǊǎ ώоϐ 
iNOS [5]4] MUC1 
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2.6 Thematic Analysis  

2.6.1 Tubal Decidualisation was observed in intrauterine pregnancies 

Whilst rare, decidual changes do occur in the FT. This is primarily evident from post-partum FT that 

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 post-partum tubes associated with IUP (69, 70, 74, 78, 85, 88); 

Rewell et al. reported tubal decidual reaction associated with IUP and in contralateral tubes of TEP 

(73). Collectively studies indicated that between 3 % to 25 %   of post-partum women demonstrate a 

tubal decidual reaction (70, 73). However, the study by Rutanen et al. indicating that 25 % of tubes 

showed decidualisation only included 8 FT compared to the 194 post-partum tubes which were 

analysed in the Rewell et al. study showing 3% had decidual changes (73). The study by Rutanen et al 

only looked at 8 tubal samples, and there was some ambiguity surrounding sample selection 

suggesting a selection bias (70). 

 

2.6.2 Ectopic Pregnancy 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, 86) and away from the site of implantation (68, 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. Additionally, it is indicated that decidual cells 

might be present in tubal implantations by the presence of the well-established decidual marker, 

IGFBP (77) at the site of implantation and hDP200 in the tube with the ectopic pregnancy (86). 

However, many other publications describe an absence of a decidual reaction at the site of 

implantation in most FT bearing an ectopic pregnancy (67, 68, 72, 75, 79, 80, 88) with 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 at the site of implantation, were in fact of cytotrophoblastic origin at close 

scrutiny and they only resembled decidual cells morphologically but are of embryological origin(79). 

There was also only one study included in this review that addressed the invasiveness of the extra-

villous trophoblasts (72) and the histological evidence suggested the trophoblast cell columns to be 

much longer in the FT compared with what is normally seen in uterine pregnancies, therefore the 

authors concluded that the trophoblastic invasion is not  limited in the FT compared with an 

intrauterine pregnancy (72).  
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2.6.3 Leukocyte Distribution in the Fallopian Tube 

A study by Rango et al. and a review by Lee et al. indicated that in normal FT the 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 tubal areas (44, 71). 

However, the phase of the menstrual cycle was not detailed in either study (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 pregnancies (66, 67, 71, 87, 

88).  Ordi et al. suggest that the presence of uNK immune cells in the endometrium is hormonally 

regulated during the menstrual cycle, not by the presence of a trophoblast, showing an increase 

during the luteal phase (88). Rango et al. add that while NK cells are not necessary for successful 

implantation, it is suggested that NK cells limit trophoblast invasion; the absence of NK cells in the FT 

is proposed to allow for the increased trophoblastic invasion seen in TEP (71). 

 

The most abundant leukocytes present in all studies that mentioned the immune cell profile of tubal 

ectopic pregnancies were macrophages and T cells (66, 67, 71, 87). When comparing the leukocytes 

at the tubal ectopic site with the associated intrauterine decidua, the numbers of T cells and 

macrophages were similar (71). 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 to 70%  of the immune cells present in the decidua but only about 5% of immune 

cells in TEP (66). 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 present (66). 

Wang et al. propose the phenotype of macrophages in eutopic pregnancy and TEP to be different; in 

eutopic pregnancy macrophages have an M2 phenotype which causes maternal 

immunosuppression, aids in the remodelling of the extra-cellular matrix, promotes vascular 

formation and regulates trophoblast invasion (66). The macrophages in TEP are suggested to be of 

an M1 phenotype which create a pro-inflammatory environment and decrease contractility of 

smooth muscle cells (66). 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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2.6.4 Cellular Markers Associated with Decidualisation 

Various cellular markers were investigated in the studies included in this review. In particular, 

activins have been mentioned in three research articles and MUC1 in two. Refaat et al. suggest that 

activins have a paracrine and autocrine action in the FT; in the endometrium, decidualisation is 

facilitated by activins increasing the expression of matrix metalloproteinases (83). The increased 

expression of activins in the FT containing an EP, when compared to secretory phase tubes, is 

considered pathologic; it is suggestive of tubal decidualisation because activins are raised in the 

normal endometrium during the luteal phase as part of normal decidualisation (82, 83, 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 implanting by repelling it (89). MUC1 was decreased in tubal ectopic pregnancies, 

which the authors Refaat et al. suggest indicates possible receptivity of the FT towards 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 indicated by the first and second authors Refaat et al and Al-Azemi et al) 

and were interrelated; therefore, they have not been replicated by other researchers yet. 

 

The studies by Refaat et al. also investigated the action of follistatin and the presence of nitric oxide 

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 propose that the increased production of nitric 

oxide was indicative of a pathologic relaxation in the smooth muscles of the FT that would prevent 

adequate movement of the embryo along the FT, which in turn could increase the chance of an 

ectopic pregnancy (82, 83, 89). This theory is supported by a similar finding whereby the embryo was 

located in the same place as a decidual polyp in the tube; Wist et al. suggest that the tubal 

obstruction prevented the embryo from moving through the tube and therefore caused a tubal 

ectopic pregnancy (68). Wist et al. also add that the decidual reaction should be considered a result 

of pregnancy and not the cause of the TEP (68). 

 

Inan et al. hypothesise that the increased expression of integrins and fibronectin may cause TEP 

because of their role in the endometrial implantation. Integrins are a sub-group of cell-adhesion 

molecules and are involved implantation; insufficient expression of integrins in the endometrium is 

associated with the absence of the luteal phase and infertility(76). 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 has adhered to the maternal tissue(76). The study by Inan et al. 
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proposes that integrins and fibronectin, which are considered necessary for uterine implantation, 

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

role in tubal implantation (76).  

 

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

early-pregnancy decidua(86). 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 implantation(86). HDP 200 was present in significantly higher levels in the tubal fluid of 

tubal ectopic pregnancy than in normal FT, indicating a possible association with the implantation 

site (86). 

 

A study by Ji et al. included a comparison in the expression of oestrogen receptors (ER) and 

progesterone receptors (PR) between normal mid-secretory tubes and TEP, at the site of the 

implantation and away from the site of implantation. The results suggested a decreased expression 

of ER and PR at the site of implantation when compared to expression 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, and sparsely in the tubal 

stroma (81). 

2.7 Thematic Analysis Summary 
Number of 

Papers 
Contributing 

Theme 

8 

Post-Partum Tubes Show Decidualisation 

¶ Ectopic decidua had been reported in FT in association with both intrauterine and ectopic pregnancy (68-70, 73, 74, 
78, 85, 88) 

¶ Post-partum tubal decidua is thought to naturally resolve following puerperium (78) 

¶ Decidua noted in the tube is found in the stromal compartment of the FT (70, 85) 

12 

Ectopic Pregnancy and Tubal Decidualisation 

¶ There is evidence that decidua is present at the site of implantation of tubal ectopic pregnancies, though this was a 
rare occurrence in tubal ectopics (67, 73, 75, 81, 86) 

¶ There is also evidence for a lack of decidual reaction in tubal ectopic pregnancy (68, 72, 76, 77, 79, 80, 88) 

6 

Leukocyte Distribution in the Fallopian Tube 

¶ T cells are the most common leukocyte in the FT (44, 66, 67, 71, 87) 

¶ Virtually absent Natural Killer cells in both normal FT and in tubal ectopic pregnancy  is an important difference in 
comparison with the endometrium (88) 

7 

Cellular Markers Associated with Decidualisation (76, 81-84, 86, 89) 

¶ Expression of ER, PR and MUC1 are decreased in tubal ectopic pregnancy 

¶ Expression of integrins, human decidua associated protein 200 and fibronectin are increased in tubal ectopic 
pregnancy 

¶ Activins may play a role in the decidualisation of the FT and the pathogenesis of ectopic pregnancy 
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2.8 Discussion 

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

to undergo decidualisation. The results showed that FT have the ability to undergo stromal 

decidualisation under specific circumstances. However, unlike the endometrium, where 

decidualisation is a universal phenomenon in the secretory phase and with embryo implantation, in 

the FT, decidualisation appears to be a relatively a rare occurrence and it is not entirely clear how or 

why this occurs.  

In the endometrium, decidualisation occurs during the luteal phase of each menstrual cycle and is 

modulated by fluctuations in the ovarian steroid hormones, oestrogen and progesterone (90). In 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, the rise 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 insulin-like growth factor binding protein 1 (IGFBP-1) (91). Endometrial 

receptivity also involves the presentation of adhesion ligands and simultaneous loss of inhibitory 

factors that prevent embryo attachment (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 from elongated 

to rounded, hypertrophic morphology (32, 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 also regulated by ovarian steroid hormones indirectly 

(44). There is a five-fold increase in leukocytes during the secretory phase, of which the most 

notable change is the significant increase of uterine natural killer (uNK) cells in the late luteal phase; 

uNK cells account for approximately 70% of the total leukocyte population (36, 44, 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 

significant 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 50-70% and 20% of the total leukocyte population, respectively (66).  

The  review by Wang et al. suggests that uNK cells are  involved in controlling the invasion of the 

trophoblast, angiogenesis, and preventing infections (66). Macrophages also provide an 

immunosuppressive function as well as promoting ECM remodelling, vascular formation and 

assisting in the formation of the placenta (66). 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 numbers (44, 66).  

As identified in this review, the FT also has the capacity to undergo decidual changes although the 

prevalence of tubal decidualisation is unclear. The post-partum tubal decidual reaction, as 

mentioned by Markou et al., is becoming an increasingly common observation (78). However, it is 

thought to resolve spontaneously and, therefore, is unlikely to be a causal factor in ectopic 

pregnancy. Irrespectively, this observation shows that the FT have the ability to decidualise under 

specific circumstances. One explanation that has been offered is that the FT are more sensitive to 

the high concentrations of progesterone produced by the placenta compared to the relatively lower 

levels produced by the corpus luteum, and that is why decidual changes in the FT associated with 

intrauterine pregnancy are present in the later stages of pregnancy and therefore during the 

postpartum period (73).  

It is important to note that the hormone 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 

eutopic endometrium (56). The relative hormone resistance of the tubal mucosal 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 reaction seen in tubes that contain or are 

associated with ectopic pregnancy (as the contralateral tube would be) (68, 73). Furthermore, there 

has not been studies of FT in early pregnancy in the context of an intra-uterine pregnancy to confirm 

that this is only a late pregnancy related event. For obvious reasons access to such material is 

limited. The intrauterine pregnancy and large placenta of 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 induce a decidualisation reaction in the endometrium. Therefore, 
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further studies are needed to conclude on the ability of decidualisation in normal FT and specialised 

circumstance to conclude on this aspect. 

Endometrial receptivity is the period  in which the embryo can implant, and it can have degrees and 

types of abnormality (35). In parallel, extra-villous trophoblasts are thought to switch from the 

differentiating phenotype to the invasive phenotype, which is thought to occur independently of the 

maternal environment (72), meaning that the embryo could begin to invade any tissue it is in contact 

with when this change occurs. 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 pregnancies occur only in 

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 the FT (68, 89); hence the prolonged exposure of the FT to the secretory products 

of the embryo might make the FT somewhat receptive. However, stagnation of the embryo in the FT 

in the study by Wist et al. occurred due to the presence of a decidual polyp (68). Interestingly, it has 

been detailed by Vang et al. that pseudoxanthomatous salpingitis looks similar, and should not be 

mistaken for decidualisation of the FT mucosa (14). As the study by Wist et al. was published in 

1954, it could be speculated that the multiple decidual polyps were in fact expanded plicae due to 

the presence of numerous histiocytes (14). Even so, a polyp in the FT suggests an aberration of the 

tubal mucosa reflecting increased proliferation, a normally quiescent tubal mucosa, which may 

promote implantation of an embryo (56). The presence of certain molecular markers such as activins 

and the loss of MUC1 also support the theory that the tube has become permissive to an implanting 

embryo as it possibly loses repulsion functionality (84, 89).  

The immune cell profile of the FT is 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 leukocytes in the FT allows 

over-invasion of the extra villous trophoblasts (72), which could be a reason for the rupture of the FT 

in ectopic pregnancy.  Unlike the endometrium, the immune cell profile of the FT does not seem to 

change in response to an embryo implanting. This again is likely to be a reflection of the relative 

resistance of the tubal mucosa to the steroid hormones (56). Rango et al. and Lee et al. identified T 

cells, followed by granulocytes and macrophages as the most abundant leukocytes in the healthy FT 

(44, 71). This is similar to the proliferative phase endometrial immune profile as described by Vallvé-

Juanico whereby the most abundant leukocytes are T cells followed by macrophages and uNK cells 

(94); though uNK cells are virtually absent from tubal mucosa (71). Particularly in the two 

aforementioned studies by Lee et al. and Rango et al. it was not detailed which phase of the 
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menstrual cycle the FT were associated to (44, 71), which possibly reflects an assumption that the 

immune profile of FT does not change cyclically.  

Overall, there is insufficient evidence to elucidate the mechanism by which implantation occur in the 

FT as most of the available studies (n = 22 of the 25 studies included in this review) are 

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 confirm what 

came first: the embryo expressing the invasive phenotype or a pre-existing receptive FT. 

Additionally, the association of ectopic pregnancy with many risk factors, such as previous FT surgery 

and pelvic inflammatory disease(62) is well-established, however, the systematic search did not 

identify any literature exploring decidualisation in damaged FT. In addition, there is a lack of studies 

regarding decidualisation in the FT during the menstrual cycle.  

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

unpublished literature was not included.  

2.9 Conclusion 

The FT can undergo decidual changes under specific circumstances. These may include prolonged 

exposure to 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. More research surrounding 

decidualisation of the FT at 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 the FT.  

Further research could explore the expression of different aspects of the healthy and damaged FT 

physiology and pathophysiology, respectively, during the menstrual cycle. For example, literature 

exploring the cyclical expression of decidualisation markers in healthy FT would provide more insight 

into the response of the FT to ovarian steroid hormones, compared to cycling endometrium. 

Additionally, receptivity markers, proliferation of the tubal mucosa and the immune profile of 

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

provide greater insight into the influence the FT have on the occurrence of TEP.  
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Chapter 3 Materials and Methods 
 

3.1 Ethics 

Collection and use of all tissue samples used in this study was approved by Liverpool Adult Ethics 

Committee (REC references 19/WA/0271 and 19/SC/0449). Informed written consent was obtained 

from all participants.  

 

3.2 Sample Collection and Processing 

3.2.1 Inclusion and Exclusion Criteria 

¢ƘŜǊŜ ǿŜǊŜ ǘǿƻ ǇŀǘƛŜƴǘ ƎǊƻǳǇǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǎŜƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭ 

theatre lists of patients undergoing hysterectomies with bilateral salpingo-oophrectomies using the 

inclusion and exclusion criteria detailed in Table 6. All researchers involved in consenting and sample 

collecting, had completed Good Clinical Practice (GCP) training. 
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Table 6 Principal Inclusion & Exclusion Criteria 

Study Group Inclusion Criteria Exclusion Criteria 

Healthy FT (Premenopausal) 
Population 

¶ Normal cycling female 

¶ Undergoing hysterectomy 
for non-tubal pathology 

¶ Salpingectomy 

¶ No hormonal treatments in 
the 3 months prior to the 
operation 

¶ Able to give written 
informed consent 

¶ Post-menopausal female 

¶ Malignant growth in the 
endometrium and/or FT 

¶ Tubal pathology 

¶ Has received hormonal 
treatments in the 3 months 
prior to the operation 
(includes Mirena 
intrauterine device) 

¶ Pregnant  

¶ Menstrual phase 
endometrium on 
histological examination 

¶ Unable to give written 
informed consent 

Damaged FT 
(Premenopausal) Population 

¶ Normal cycling female 

¶ Salpingectomy for tubal 
pathology 

¶ No hormonal treatments in 
the 3 months prior to the 
operation 

¶ Able to give written 
informed consent 

¶ Hydrosalpinx 

¶ Endometriosis  

¶ Post-menopausal female 

¶ Malignant growth in the 
endometrium and/or FT 

¶ Has received hormonal 
treatments in the 3 months 
prior to the operation 
(includes Mirena 
intrauterine device) 

¶ Pregnant  

¶ Menstrual phase 
endometrium on 
histological examination 

¶ Unable to give written 
informed consent 

 

3.2.2 Types of samples collected 

Biopsies were collected from women undergoing hysterectomy with bilateral salpingo-oophrectomy 

for benign gynaecological conditions who had not taken hormonal medications for at least 3 months 

prior to surgery. The architecture of the tissues was assessed and included if the endometrial tissue 

had a visible luminal epithelium and stratum functionalis, and the FT had a visible epithelium and 

stroma (Figure 11).  
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Figure 11 Representative images of secretory phase endometrium and FT; the endometrial sample is 
part of a full thickness sample where the luminal epithelium and stratum functionalis are visible, the 
FT samples has a visible epithelial and stromal layer 

 

3.2.3 Dating Endometrial Samples 

All endometrial samples were dated by an experienced histopathologist. The dating criteria by Noyes 

et al. (95) is considered to be the gold standard for the luteal phase (96). Hallmarks of the 

proliferative phase, as described by Dallenbach-Hellweg et al. include: sparse distribution of glands 

in the endometrium, poorly differentiated stromal cells, and a flat luminal epithelium (97). Key 

changes in the secretory phase glandular epithelium include: secretions in the lumen, pseudo 

stratification of the nuclei and formation of vacuoles on 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 infiltration (95). 

 

3.4 Immunohistochemistry 

3.4.1 Background 

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

samples using monoclonal or polyclonal antibodies (98). The method utilised in this thesis was a 

two-step Vector ImmPRESS reagent kit and Vector ImmPACT Horseradish peroxidase (HRP) substrate 

(detailed in Table 7) to identify specific protein molecules within the tissues.  

 

To produce the initial antibody for polyclonal antibodies, an animal is exposed to a particular human 

antigen and the antibodies it produces are isolated; this is the primary antibody (99). When applied 

to the desired tissue in the laboratory setting, the antibody binds to the respective  antigen (100).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 secondary antibodies were labelled with 

horse radish peroxidase (HRP). Lastly, the enzyme-specific substrate is added which results in a 
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coloured precipitate forming, making the location of the initial antigen visible. Figure 12 below 

demonstrates this process. 

 

Figure 12 Staining Procedure (101) 

 

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

that are specific to one epitope (99). 

 

3.4.2 Tissue Processing and Paraffin Embedding 

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

to this tissue samples can also be used in research. To enable storage of tissue for an indefinite 

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

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

xylene and finally saturated with paraffin wax using an automated processing machine (Shandon 

Citadel 1000, Thermo Electron Corporation, CA 1390 EO 608) (Table 7). 

 
Table 7 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 for sectioning (Shandon HistoCentre 3 Embedding Station ThermoFisher).  The histocentre 
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was also used for re-embedding tissue in the case of cracked paraffin blocks, or in instances where 

the tissue needed to be reoriented.  

 

3.4.3 Cutting Paraffin Sections 

Embedded samples needed to be cut into thin sections to allow for staining by 

immunohistochemistry. Sections were cut using a Microm HM 335 rotary microtome. The paraffin 

blocks were placed at -20 °C for 15 min, or until cold to the touch, prior to cutting. Sequential 

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 a pre-warmed water bath of 40 ȍC using 

forceps and separated into single section. The sections were then floated onto aminopropyl 

triethoxy silane (APES) coated glass slides and left to dry overnight. In accordance with good 

laboratory practice, all slides from the same sample are placed in the same orientation and 

numbered in the same sequence as they were cut. The slides were then placed onto drying rack and 

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 the block. 

3.4.4 Preparation of Slides 

Slides were baked prior to dewaxing and staining, to help adhere the sections to the glass slide. This 

was achieved by placing the slides into the Section Dryer Model E28.5 at 60 ȍC for 1 h or at 40 ȍC 

overnight. 

3.4.5 De-waxing 

Slides were placed into a slide rack and prepared for staining by de-paraffinization using xylene and 

rehydration using an ethanol gradient (Table 8), before placing them into a clean staining dish 

containing tap water.  

Table 8 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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3.4.6 Heat-Based Antigen Retrieval 

When tissue samples are processed with formalin, proteins are cross-linked and thus stabilised. In 

parallel, antigen epitopes and electrostatic charges are also modified. This often prevents antibody-

antigen interactions resulting in weak or false-negative staining. Antigen retrieval allows the 

paratope of the antibody to interact with the antigen by restoring the epitope; in particular, heat 

causes the cross-links to come undone, revealing the epitope; they are then maintained in that state 

using a buffer solution. 

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. The slides were then cooled rapidly and transferred briefly into 

tap water, and then placed into a Schieferdecker jar containing tris-buffered saline (TBS) (see Table 

12 for reagent information). 

 

3.4.7 Immunohistochemistry 

The tissue samples were immersed in TBS for 5 min and then incubated in 0.3 % (v/v) hydrogen 

peroxide (H2O2)/TBS for 10 min at room temperature to block endogenous peroxidase activity. The 

0.3 % H2O2/TBS solution was then decanted and replaced with TBS for a further 5 min. A 

hydrophobic marker (Daido Sangyo Liquid Blocker Pen) was used to draw around the tissue sections 

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 on the same slide.  

Subsequently, 2.5 % [v/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 limit non-specific 

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

to incubate as required (Table 9); the volume used ranged between 60 ς 100 ˃ l depending on the 

size of the tissue sample. Antibody solutions were made up using TBS / 0.5 % bovine serum albumin 

(BSA) as diluent (see Table 12 for 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 room 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 

ŀǇǇƭȅ ǘƘŜ оΩо ŘƛŀƳƛƴƻōŜƴȊƛŘƛƴŜ ό5!.ύ όTable 12) diluted in substrate solution (3:100). 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 reaction; the volume used ranged between 60 ς 100 ˃ l depending on the size of 

the tissue sample.  

Slides were counterstained with Gill II Hematoxylin (Table 12) to aid in sample visualisation. The 

slides were immersed in hematoxylin for 90 s and briefly washed with water; then they were briefly 

dipped in acid alcohol (1 % HCl / 69 % EtOH / 30 % H2O) to reduce the intensity of the hematoxylin 

stain. Next, slides were blued in running tap water for 5 min. Gill II Hematoxylin can be progressive 

or regressive depending on the time of incubation ς in the case of this protocol it acted as a 

regressive stain, i.e. overstained the samples. 
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Table 9 Primary Antibody Information 

Antibody Dilution Host Species Antigen Retrieval Time Blocking Incubation Supplier Supplier Code Clone 

IGFBP1 1:200 Goat Polyclonal IgG 
3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#     

overnight 

Santa Cruz 

Biotechnology 
C2813 M-19 

Prolactin 1:200 Goat Polyclonal IgG 
3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#     

overnight 

Santa Cruz 

Biotechnology 
C3116 C-17 

Ki67 1:200 Monoclonal Mouse 
3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#     

overnight 
Novocastra NCL-L-Ki67-MM1 MM1 

Androgen 

Receptor 
1:75 Monoclonal Mouse 

3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#     

overnight 
Dako M3562 AR441 

FOXD3 1:1600 Polyclonal Rabbit 
3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#     

overnight 
Abcam ab64807 N/A  

FOXO1A 1:500 Monoclonal Rabbit 
3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#     

overnight 
Abcam ab179450 EPR12021 

CD45 1:100 Monoclonal Mouse 
3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#     

overnight 
Dako M0701 

2B11, 

PD7/26 

CD56 1:50 Monoclonal Mouse  
3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#     

overnight 
Novocastra NCL-L-CD56-1B6 1B6 

CD68 1:1000 Monoclonal Mouse 
3 minutes 

Citrate pH 6.0 

Horse serum 

(2.5 %) 

4ȍ#       

overnight 
Dako M0876 PG-M1 
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3.4.8 Mounting 

To visualise the samples under the microscope they must first be dehydrated and mounted. This was 

achieved by sequentially incubating them in 70 % ethanol, 90 % ethanol 100 % ethanol and xylene 

(Table 10) 

Table 10 Dehydration Protocol 

Dehydrating Solutions Time (min) 

70% Ethanol 1 

90% Ethanol 1 

100% Ethanol 1 3 

100% Ethanol 2 3 

100% Xylene 1 5 

100% Xylene 2 10 

  

Following dehydration, each slide was individually removed from the xylene, consul-mount 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 at 40x magnification using the Aperio Slide Scanner (Leica Biosystems) and the 

images were viewed on Aperio Image Scope version x64 (Leica Biosystems); slides were also viewed 

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

 

3.4.9 Haematoxylin and Eosin 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 cytoplasm stain 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 (see Table 12 for reagent information) and then dehydrated. 

The full protocol is detailed in Table 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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Table 11 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% HCl / 69% EtOH brief 

Water 5 min 

70% Ethanol 30 s 

95% Ethanol 30 s 

Eosin Y (aqueous) 4 min 

Water 2 x rinse 

Water 2 min 

Dehydrating Solutions  

95% Ethanol  30 s 

100% Ethanol 1 1 min 

100% Ethanol 2 1 min 

100% Xylene 1 5 min 

100% Xylene 2 10 min 
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3.4.10 Reagent Information 

All specific reagent information is detailed in Table 12 below.  

 

Table 12 Reagent Information 

Reagent Reagent Components Supplier Supplier Code 

TBS (Tris buffered 

Saline)  

pH = 7.6 

1. 6 g/L Trizma base 

2. 6.7 g/L NaCl 

3. HCl   

Sigma-Aldrich 1. T1503 

2. S7653 

BSA (bovine serum 

albumin) 

N/A Sigma-Aldrich A3808 

30% H2O2 (hydrogen 

peroxide) 

N/A Sigma-Aldrich H1009 

ImmPRESS Horse Anti-

Mouse IgG Polymer 

Kit, peroxidase 

N/A 

Vector Laboratories  MP-7402 

ImmPRESS Horse Anti-

Rabbit IgG Polymer 

Kit, peroxidase 

N/A 

Vector Laboratories  MP-7401 

ImmPRESS Anti-Goat 

Ig Reagent Kit, 

peroxidase 

N/A 

Vector Laboratories MP-7405  

ImmPACT DAM 

Peroxidase Substrate 

Kit 

N/A 

Vector Laboratories SK-4105  

Shandon Gill 2 

Haematoxylin 
N/A 

Thermo Scientific 6765008 

Shandon Consul-

Mount 
N/A 

Thermo Scientific 9990440 

Shandon Eosin Y N/A Thermo Scientific 6766010 

 

3.4.11 Controls for Antibodies 

A positive control is a tissue 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 (Figure 13). Since the other antibodies used in this study have been 



   
 

76 
 

used extensively in published manuscripts, it was not deemed necessary to have a positive control 

for the remaining antibodies.  

 

IGFBP1 

 

PRL 

 

FOXD3 

 

Figure 13 Representative Images of Control Tissue Immunostaining for IGFBP1, PRL and FOXD3 

 

The negative controls used were isotype controls. The concentration of the isotypes used is the 

same as the antibodies that will be used in the experiments to ensure comparative representation of 

non-specific staining. Figure 14 demonstrates examples of mouse and rabbit isotype control 

antibodies used in this thesis.  
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Figure 14 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.  

3.4.12 Optimising Antibody Dilutions 

For antibodies that had not previously been optimised, serial dilutions of the antibody were tested in 

a positive control tissue, and a concentration was chosen based on the most appropriate staining 

intensity.   

 

3.4.13 Sample Calculations 

The calculations detailed 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 much solution was 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 60 ς 100 ˃ l, however within each IHC run the amount needed 

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

concentration the antibody should be used at, by the final volume of solution needed.  

1. █░▪╪■ ○▫■◊□▄▪◊□╫▄► ▫█ ▼▄╬◄░▫▪▼╪□▫◊▪◄ ▪▄▄▀▄▀ ▬▄► ▼▄╬◄░▫▪ 

2. ╪□▫◊▪◄ ▫█ ╪▪◄░╫▫▀◐ ▪▄▄▀▄▀█░▪╪■ ○▫■◊□▄ ▀░■◊◄░▫▪ █╪╬◄▫► 
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3.5 Data Analysis 

3.5.1 Immunohistochemistry 

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 

which antibody was being scored (Table 13). A quickscore method was used for antibodies where 

the subcellular expression of a protein was being quantified. A percentage positive method was used 

where the number of cells expressing a protein was quantified.  

 
Table 13 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 

 
 

3.5.1.1 Quickscore 

Quickscore analysis is a method used to quantify chromogenic staining of the tissue taking into 

consideration the different staining intensities and the percentage of the tissue stained at those 

intensities, respectively (102).  

The first step was to scan all of the slides at 40x magnification. Images were then appraised to assess 

the overall immunostaining across the cohort. Blue coloured 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 stroma and functional glands. 

The intensity of the staining was classified as: 

π ὲέ ίὸὥὭὲὭὲὫ  

ρ ύὩὥὯ ίὸὥὭὲὭὲὫ  

ς άέὨὩὶὥὸὩ ίὸὥὭὲὭὲὫ 

σ ίὸὶέὲὫ ίὸὥὭὲὭὲὫ 

The percentage of the tissue compartment stained was categorised as: 

ὛὧέὶὩ έὪ πȡ        π Ϸ ὸὭίίόὩ ίὸὥὭὲὩὨ 

ὛὧέὶὩ έὪ ρȡ ςυ Ϸ ὸὭίίόὩ ίὸὥὭὲὩὨ 
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ὛὧέὶὩ έὪ ςȡ υπ Ϸ ὸὭίίόὩ ίὸὥὭὲὩὨ 

ὛὧέὶὩ έὪ σȡ χυ Ϸ ὸὭίίόὩ ίὸὥὭὲὩὨ 

ὛὧέὶὩ έὪ τȡ ρππ Ϸ ὸὭίίόὩ ίὸὥὭὲὩὨ 

 

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).  

 

Typically, 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 8 

 
Example001 Calculation: π ς ρ ρ ς ρ σ π σ 

Example002 Calculation: π π ρ ρ ς ς σ ρ ψ 

The scores were recorded using Microsoft Excel in a spreadsheet, analysed for statistical significance 

using the software IBM SPSS Statistics 27 (103), and presented graphically using Origin version 

2020b. 

 

3.5.1.2 Percentage Positive Staining 

Percentage positive staining was used for antibodies that stained specific cells and the aim was to 

quantify 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 

fields at 40x magnification were used. The percentage of positive staining was evaluated for 

different tissue areas separately. For the FT, 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 27 (103), and presented graphically using Origin 2020b. 

 

3.5.2 Statistical Analysis of Data 

3.5.2.1 Excel Data Organisation 

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 prevent bias in 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 Statistics (103) for analysis and presentation.  

 

3.5.2.2 Origin version 2020b 

Origin is a software that facilitates creating visual representations of data. It has a vast range of 

functions but for the purpose of this study, it was mainly used to make box plots. A box plot was 

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. 

  

 
Figure 15 Box plot showing FOXO1A cytoplasmic Quickscores in proliferative and secretory functional 
glands 

 

For example, in Figure 15 above the compartment scoring refers to that of the functional gland 

cytoplasm for the presence of FOXO1A, and the compared study groups are the proliferative versus 

secretory phase endometrium.  

 

3.5.2.3 Statistical Analysis in IBM SPSS Statistics 27 

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

ǎǇǊŜŀŘǎƘŜŜǘ ǘƘŜ άǾŀǊƛŀōƭŜ ǾƛŜǿέ ǇŀƎŜ was first formatted; the first row, which relates to the first 

column in the άŘŀǘŀ ǾƛŜǿέΣ ǿŀǎ ƭŀōŜƭƭŜŘ ŀǎ άǎǘǳŘȅƎǊƻǳǇέ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜ ǎŜǘ ǘƻ ƴƻƳƛƴŀƭΦ bŜȄǘΣ ǘƘŜ 

ǎǳōǎŜǉǳŜƴǘ Ǌƻǿǎ ǿŜǊŜ ƭŀōŜƭƭŜŘ ǿƛǘƘ ŀōōǊŜǾƛŀǘƛƻƴǎ ƻŦ ǘƘŜ ŎƻƳǇŀǊǘƳŜƴǘǎΣ ŦƻǊ ŜȄŀƳǇƭŜ ά[9bέ ŦƻǊ 
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lumƛƴŀƭ ŜǇƛǘƘŜƭƛǳƳ ƴǳŎƭŜǳǎΣ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜ ǿŀǎ ǎŜǘ ŀǎ άǎŎŀƭŜέ ǿƛǘƘ л ŘŜŎƛƳŀƭ ǇƭŀŎŜǎΦ ¢ƘŜ άŘŀǘŀ 

ǾƛŜǿέ ǎƘŜŜǘ ǿŀǎ ƴƻǿ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ǎŜǘ ǳǇ ǘƻ ƛƴǇǳǘ ǘƘŜ ǎǘǳŘȅ ƎǊƻǳǇ ƭŀōŜƭǎΣ ŜΦƎΦ ǇǊƻƭƛŦŜǊŀǘƛǾŜΣ ƛƴ ǘƘŜ 

first column and the corresponding scores in the parallel columns.  

 

Finally, the non-parametric test on independent samples function was opened, the columns 

ŎƻƴǘŀƛƴƛƴƎ ǎŎƻǊŜǎ ǿŜǊŜ ǎŜǘ ŀǎ ά¢Ŝǎǘ CƛŜƭŘǎέ ŀƴŘ ǘƘŜ ǎǘǳŘȅ ƎǊƻǳǇǎ ŀǎ άDǊƻǳǇǎέΣ ŀƴŘ ŀ aŀƴƴ ²ƘƛǘƴŜȅ 

U-test was run. This produced a table detailing the p-value for each compartment and whether the 

null hypothesis should be accepted or rejected. The significant p-values were then added to the 

graphs in Inkscape (104). 

 

3.5.2.4 Compiling Figures in Inkscape 

Inkscape (104) 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 was used to compile all figures presented. Graphs and images were 

imported into Inkscape where they were formatted, labelled, compiled into figures and then 

ŜȄǇƻǊǘŜŘ ŀǎ ƛƳŀƎŜǎ ŀƴŘκƻǊ t5CΩǎΦ  
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Chapter 4 Investigating Markers of Decidualisation in 

Matched Fallopian Tubes and Endometrium 

4.1 Introduction 

The uterus and fallopian tube (FT) have the same embryological origin; they are a product of 

Mullerian organogenesis(29). However, they provide very different functions in the female genital 

tract. Briefly, the FT are involved in the transport of the ovum or embryo, whereas the  function of 

the uterus is to allow conception and pregnancy establishment (29). The cyclical changes that take 

place in the uterus includes decidualisation 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 exploring 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 explored in proliferative and 

secretory endometrial samples, and in the matched FT. The four markers investigated were: 

forkhead box protein D3 (FOXD3), forkhead box O1A (FOXO1A), insulin-like growth 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, mid- and late-secretory phases of the endometrium showed that it 

is reduced during the decidual response (57). A link between progesterone levels and FOXD3 

expression was indicated 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 endometrium (57). As a proposed master regulator 

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

study (57). 

4.1.2 FOXO1A 

FOXO1A (also 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 reaction (105). FOXO proteins are involved in a variety 

of cellular functions such as cell differentiation, proliferation, and apoptosis (106); they also provide 
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defence against DNA damage and oxidative stress (105). FOXO1A in particular is one of the main 

transcription factors that regulates the progesterone receptor (PGR) and is necessary for the 

differentiation of the endometrial stromal cells (106, 107). In previous literature, FOXO1A was 

located in the luminal 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 receptivity (105, 106). 

4.1.3 Prolactin 

PRL is a well-established marker of decidualisation that is secreted in the late secretory phase of the 

endometrium during the normal menstrual cycle, and during pregnancy by the decidua (92, 108, 

109). PRL is considered to have a critical role in both implantation and during pregnancy (108, 109). 

In the pregnant uterus, decidual PRL regulates the electrolyte transport across foetal membranes 

and is involved in the homeostasis of amniotic fluid (108, 109). During the secretory phase of the 

menstrual cycle, the increase in progestin drives the differentiation of endometrial stromal cells into 

decidual cells, and also indirectly induces their secretion of PRL (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 monophosphate (cAMP), subsequently 

activating the transcription of the decidual PRL gene and inducing PRL secretion (92). Previous 

immunocytochemical analysis has shown significantly increased PRL in secretions in the luminal 

epithelium and in endometrial glands of late-secretory phase endometrium when compared to 

proliferative phase samples (110). 

4.1.4 IGFBP1 

IGFBP-1 is another common decidualisation marker that is used to identify decidual cells (111-113). 

It is secreted by endometrial stromal cells in the late secretory phase and by decidual cells in the 

pregnant endometrium (114). The proposed roles of IGFBP-1 in the endometrium include 

proliferation, differentiation and decidualisation, and affects implantation and trophoblast invasion 

(112). These conclusions have been drawn from the findings suggesting the under-expression of this 

molecule may cause tumorigenesis, and over-expression has been linked to miscarriage as a 

consequence of the inhibition of insulin growth factor II (IGF-II) and subsequent excessive limitation 

of trophoblast invasion on the maternal front (112). Literature investigating the messenger 

ribonucleic acid (mRNA) coding for IGFBP-1 show that IGFBP-1 is not expressed in the proliferative 

phase endometrium but demonstrates abundant expression in the secretory phase stromal and 

epithelial compartments of the endometrium (113, 115). Immunocytochemical staining of IGFBP-1 
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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, non-uniform staining in the late secretory samples, 

but only some samples stained in the mid-secretory phase cohort (110). 

In contrast to the endometrium, recent literature regarding hormonal responsiveness of the FT 

shows that the endosalpinx in 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 proliferation from occurring(56).  

4.2 Aim 

To explore markers of decidualisation in the FT in comparison with the matched endometrium 

across the menstrual cycle in healthy premenopausal women. 

 

4.3 Hypothesis 

FOXO1A, IGFBP-1 and PRL are expected to show increased expression in the secretory phase human 

endometrium (where decidualisation occurs) compared to the proliferative 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.  

 

4.4 Methods 

Matched healthy FT and endometrial samples were included from patients who were identified 

using the inclusion and exclusion criteria; no specific anatomical region of the FT was focused on. 

The demographic variables (Table 14) were compared using the non-parametric Mann-Whitney U-

test to ensure the two groups of patients were comparable (Table 14). The matched FT and 

endometrial samples were sectioned and stained using IHC. The antibodies used were FOXO1A, 

FOXD3, PRL and IGFBP1 (Chapter 3.4.7: Table 9). A semi-quantitative Quickscore method was used 

to quantify the immunostaining observed. Due to the small sample number of each group, the non-

parametric test for independent samples, Mann-Whitney 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 samples, and epithelium and stroma of the FT.  
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4.5 Patient Cohort and Demographics 
Full thickness endometrial biopsies and FT from 17 patients were included in this study; of these, 8 

were in the proliferative phase and 9 were in the secretory phase of the menstrual cycle. Patient 

demographics for each group are presented in Table 14 below, and the p-values for the demographic 

variables are demonstrated in Table 14. There were no statistically significant differences between 

demographic variables, making these two groups comparable. In Table 14 it has been specified 

where there was information missing from the data collection form and recorded as άƳƛǎǎƛƴƎ ŘŀǘŀέΦ  

 
Table 14 Patient Demographics (body mass index (BMI), Standard Deviation (SD)) and Statistical 
Comparison of Demographic Variables Using Mann-Whitney U-test (p-value) 

Menstrual Cycle Phase Proliferative Secretory p-value 

Sample Number 8 9 - 

Age (years) Mean (± SD): 43 (± 7) 
Median: 42 
Range: 31 ς 57 

Mean (± SD): 41 (± 6) 
Median: 44 
Range: 32 ς 47 

1 

BMI Mean (± SD): 27.4 (± 
7.8) 
Median: 23.7 
Range: 21 ς 43.9 

Mean (± SD): 28.2 (± 
3.4) 
Median: 26.6 
Range: 22.6 ς 33 

0.2 

Parity Mean (± SD): 3 (± 1) 
Median: 2 
Range: 1 ς 4 

Mean (± SD): 2 (± 1) 
Median: 2 
Range: 0 ς 3 
(Missing data = 1) 

0.2 

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 samples (Table 14). This occurred 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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4.6.1 FOXD3 

Figure 16 FOXD3 expression in the endometrium and fallopian tube. (A) Representative micrographs demonstrate 
FOXD3 immunostaining in the proliferative and secretory phase endometrium. (B-D) FOXD3 immunostaining 
Quickscores for nuclear and cytoplasmic expression in the luminal epithelium, stroma and glandular epithelium in 
proliferative phase (PP) and secretory phase (SP) endometrium. (E) Representative micrographs demonstrate FOXD3 
immunostaining in the proliferative and secretory phase fallopian tube. (F-G) FOXD3 immunostaining Quickscores for 
nuclear and cytoplasmic FOXD3 expression in luminal epithelium and stroma. Scale bars = 200 m˃. 
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FOXD3 immunostaining was present in all samples. In the endometrium, cytoplasmic FOXD3 in the 

luminal epithelium was significantly higher in the proliferative cohort compared to the secretory 

cohort (p = 0.030) (Figure 16B). There were no other statistically significant differences in FOXD3 

immunostaining between proliferative and secretory 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 on the quickscore scale was observed in secretory phase samples (Figure 16D). 

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 

(Figure 16B ς D).  The luminal epithelium FOXD3 nuclear staining 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 (Figure 16B). In the stromal nuclear FOXD3 immunostaining, 

the secretory phase samples had more intense staining compared to the proliferative phase; the 

cytoplasmic staining was similar between the two phases (Figure 16C). The proliferative and 

secretory phase FOXD3 immunostaining in the functional gland nuclei and cytoplasm was similar 

between the two phases (Figure 16D). 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 higher than 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 Table 15).  

In the FT, the staining of proliferative phase samples was slightly more intense than that of the 

secretory phase samples, across all compartments. This was most profound in the nuclear 

compartment of the epithelium and stroma; the differences in immunostaining between the 

proliferative and secretory phase did not reach statistical significance (Figure 16F, G). The stromal 

compartment of both the proliferative and secretory phase FT had more heterogeneous staining and 

outliers than the tubal epithelium.  

In the endometrium, the pattern of staining of both glandular and luminal epithelium revealed an 

abundance of the protein on the apical surface of epithelial cells. Nuclear staining was particularly 

notable in the luminal epithelium (Figure 16A). In the tubal epithelium, staining showed a similar 

abundance on the apical surface of the epithelial cells. However, nuclear staining seemed to be 

confined to the border of the nuclei (i.e. perinuclear); this was present in both proliferative and 

secretory groups (Figure 16E).  
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The immunostaining of FOXD3 in the endometrium and FT were similar in both the proliferative and 

secretory phase as illustrated in Table 15 below.  

 

Table 15 Comparison FOXD3 Quickscores in matched endometrial functionalis and fallopian tubes. 
LEN (luminal epithelium nucleus), LEC (luminal epithelium cytoplasm), SN (stromal nucleus), STC 
(stromal cytoplasm), PP (proliferative phase), SP (secretory phase), E (endometrium), FT (fallopian 
tube) 

Compartment LEN LEC SN STC 

Tissue (PP) E FT E FT E FT E FT 

Range 5 ς 7 4 ς 8 8 ς 9 5 ς 9 3 ς 8 2 ς 9 4 ς 5 3 ς 6 

Mean 5.8 6.2 8.2 6.6 4.8 4.8 4.4 3.8 

         

Compartment LEN LEC SN STC 

Tissue (SP) E FT E FT E FT E FT 

Range 2 ς 7 2 ς 5 5 ς 8 6 ς 7 2 ς 9 1 ς 5 2 ς 6 1 ς 6 

Mean 5 3.5 6.6 6.3 5.9 3.3 3.7 2.7 
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4.6.2 FOXO1A 
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Figure 17 FOXO1A expression in the endometrium and fallopian tube. (A) Representative micrographs demonstrate 
FOXO1A immunostaining in the proliferative and secretory phase endometrium. (B-D) FOXO1A immunostaining 
Quickscores for nuclear and cytoplasmic expression in the luminal epithelium, stroma and glandular epithelium in 
proliferative phase (PP) and secretory phase (SP) endometrium. (E) Representative micrographs demonstrate FOXO1A 
immunostaining in the proliferative and secretory phase fallopian tube. (F-G) FOXO1A immunostaining Quickscores for 
nuclear and cytoplasmic FOXO1A expression in luminal epithelium and stroma. Scale bars = 200 m˃. 
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FOXO1A immunostaining was visible in all samples and tended to be higher in all compartments 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 phase; the difference between the two phases reached statistical significance (p = 

0.005) (Figure 17B). The luminal epithelium cytoplasmic staining was only slightly increased in the 

secretory phase samples; however, this did not reach statistical significance (Figure 17B). 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 was slightly higher in the secretory phase 

compared to the proliferative phase (Figure 17C). 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 secretory cohort had large variability; this could be attributed to the mix 

of early- mid- and late-secretory samples (Figure 17D).  Immunostaining of FOXO1A in the cytoplasm 

of the functional glands was slightly increased in the secretory phase (Figure 17D).  

FOXO1A immuno-staining in the FT was comparable across the cycle phases. Quickscores of the 

epithelial and stromal compartments ranged between 1 and 4 in both the proliferative and secretory 

cohort (Figure 17F-G, Table 16). FOXO1A immunostaining in the FT was broadly similar to that in the 

proliferative phase endometrium (Figure 17B-D, F-G). FOXO1A immunoscores in the FT remained 

constant between the secretory and proliferative phase, compared to the increase of FOXO1A 

immunoscores in the secretory endometrium (Figure 17B-D, F-G). 

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 showed a homogeneous 

increase in the intensity of staining from the proliferative to secretory phase (Figure 17 A). In 

contrast, the tubal epithelial nuclear staining in the secretory phase was heterogenous with some 

nuclei having no immunostaining and other showing a stronger intensity of immunostaining (Figure 

17 E). 
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Table 16 Comparison of FOXO1A Quickscores in matched endometrium and fallopian tubes. LEN 
(luminal epithelium nucleus), LEC (luminal epithelium cytoplasm), SN (stromal nucleus), STC (stromal 
cytoplasm), PP (proliferative phase), SP (secretory phase), E (endometrium), FT (fallopian tube) 

Compartment LEN LEC SN STC 

Tissue (PP) E FT E FT E FT E FT 

Range 0 - 2 2 ς 4 2 ς 6 1 ς 4 2 ς 8 1 ς 4 1 ς 6 1 ς 2 

Mean 1.5 3 3.5 2.8 5.3 2.8 2.7 1.3 

         

Compartment LEN LEC SN STC 

Tissue (SP) E FT E FT E FT E FT 

Range 2 ς 12 2 ς 4 2 ς 6 2 ς 3 2 ς 9 1 ς 4 1 ς 9 1 ς 3 

Mean 6 3 4.1 2.6 5.4 2.4 3.9 2 

 
 

  



   
 

92 
 

4.6.3 Prolactin 
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Figure 18 PRL expression in the endometrium and fallopian tube. (A) Representative micrographs demonstrate PRL 
immunostaining in the proliferative and secretory phase endometrium. (B-D) PRL immunostaining Quickscores for nuclear 
and cytoplasmic expression in the luminal epithelium, stroma and glandular epithelium in proliferative phase (PP) and 
secretory phase (SP) endometrium. (E) Representative micrographs demonstrate PRL immunostaining in the proliferative 
and secretory phase fallopian tube. (F-G) PRL immunostaining Quickscores for nuclear and cytoplasmic PRL expression in 
luminal epithelium and stroma. Scale bars = 200 m˃. 
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PRL staining was similar between the proliferative and secretory phase in all of the endometrial 

functionalis compartments (Figure 18, A ς D). In the luminal epithelium, nuclear staining was 

moderately weak, with the highest score being 4 in the proliferative phase and 6 in the secretory 

phase (Figure 18 B, Table 17). In the cytoplasm, prolactin secretion was moderate (Figure 18B). In 

the stromal nuclear compartment, the majority of the secretory samples had slightly higher 

immunostaining of prolactin, with similar 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 increased when compared to 

the proliferative phase samples; there was no difference in the staining of prolactin between the 

ǇƘŀǎŜǎ ƛƴ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ƎƭŀƴŘǎΩ ŎȅǘƻǇƭŀǎƳ (Figure 18C). 

In the FT epithelium, the immunostaining of prolactin was similar when comparing the proliferative 

and secretory phases in the nuclear compartment (Figure 18F). 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 proliferative phase stroma, nuclear immunostaining was 

highly variable, with quickscores ranging from 0 to 10; the secretory phase results fell between 2 and 

5 (Figure 18G). The stromal cytoplasmic immunostaining of prolactin was low in both the 

proliferative and secretory phase FT (Figure 18G). 

The Quickscores of the proliferative endometrial functionalis and matched tubes are similar (Table 

17). In the secretory phase samples, the endometrial stroma immunostaining was stronger than the 

immunostaining seen in the tubal stroma.  

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

Compartment LEN LEC SN STC 

Tissue (PP) E FT E FT E FT E FT 

Range 2 ς 4 2 ς 6 4 - 8 3 ς 8 2 ς 7 0 ς 10 1 ς 6 1 ς 4 

Mean 3.2 4.7 5.2 6.5 4.1 5 4.4 2.3 

         

Compartment LEN LEC SN STC 

Tissue (SP) E FT E FT E FT E FT 

Range 3 ς 5 2 ς 6 1 - 5 3 ς 6 4 ς 7 2 ς 5 4 ς 10 2 ς 3 

Mean 3.8 3.8 4 4.5 5.3 3.5 5.2 2.30 
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4.6.4 IGFBP1 
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Figure 19 IGFBP1 expression in the endometrium and fallopian tube. (A) Representative micrographs demonstrate 
IGFBP1 immunostaining in the proliferative and secretory phase endometrium. (B-D) IGFBP1 immunostaining 
Quickscores for nuclear and cytoplasmic expression in the luminal epithelium, stroma and glandular epithelium in 
proliferative phase (PP) and secretory phase (SP) endometrium. (E) Representative micrographs demonstrate IGFBP1 
immunostaining in the proliferative and secretory phase fallopian tube. (F-G) IGFBP1 immunostaining Quickscores for 
nuclear and cytoplasmic IGFBP1 expression in luminal epithelium and stroma. Scale bars = 200 m˃. 
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Overall, IGFBP1 immunostaining was low in both the endometrial and FT samples (Figure 19). No 

significant difference 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 cytoplasm (Figure 19B). In the stroma, the majority of the samples 

showed no staining in the nuclear and cytoplasmic compartments (Figure 19C). In the stroma there 

were two samples that showed uncharacteristically high immunostaining, one in the secretory 

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

cohorts (Figure 19C). Staining in the functional glands was virtually absent (Figure 19D).  

 

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 cytoplasm (Figure 19F-G). 

  
Table 18 Comparison of PRL Quickscores in matched endometrium and fallopian tubes. LEN (luminal 
epithelium nucleus), LEC (luminal epithelium cytoplasm), SN (stromal nucleus), STC (stromal 
cytoplasm), PP (proliferative phase), SP (secretory phase), E (endometrium), FT (fallopian tube) 

Compartment LEN LEC SN STC 

Tissue (PP) E FT E FT E FT E FT 

Range 0 0 ς 2 0 ς 2 0 ς 3 0 ς 3 0 ς 3 0 ς 3 0 ς 5 

Mean 0 0.8 0.4 1.3 0.4 0.6 0.4 1.4 

         

Compartment LEN LEC SN STC 

Tissue (SP) E FT E FT E FT E FT 

Range 0 ς 2 0 0 ς 3 0 ς 1 0 ς 4 0 0 ς 9 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, to 

date they have not been studied in cycling FT. This study explored 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 phase. FOXO1A showed a markedly increased immunostaining 

intensity in the nuclear luminal epithelium and glandular epithelium in the secretory phase 

endometrium when compared to the proliferative phase. In the FT, FOXD3 immunostaining 

decreased from the proliferative to the secretory phase in all compartments, and FOXO1A 
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immunostaining was consistent in both phases. This suggests that healthy cycling FT do not have the 

same phenotype as the adjacent endometrium, which is expected given that they have differing 

roles in reproduction.  

The results of the PRL and IGFBP-1 immunostaining in the cycling endometrium did not support the 

hypothesis, as the expected increase from proliferative to secretory phase was not observed. As 

IGFBP-1 and PRL are secreted proteins (116), their intracellular expression may not accurately reflect 

the actual abundance of the proteins in different phases of the menstrual cycle. There was one 

outlier in the secretory phase endometrial samples that had more intense PRL and IGFBP-1 

immunostaining which could possibly be due to non-specific staining in the particular sample.  

The results of immunostaining in the cycling FT showed variable expression of PRL in the 

proliferative a secretory phase, with a possible decrease from the proliferative to secretory phase. 

The immunostaining of IGFBP-1 in the FT decreased from the proliferative to secretory phase 

samples, however, the overall staining was weak in all samples. It is difficult to speculate whether 

these observed trends would be more evident if a larger sample size was used, or if the expression 

of these two proteins in the FT is variable between females.  

  



   
 

97 
 

Chapter 5 Features of Damaged Fallopian Tubes 

5.1 Introduction 

Certain abnormalities of the FT that are associated with mucosal damage have been correlated with 

an increased risk of ectopic pregnancy (4, 52). The two pathologies explored in this study were 

hydrosalpinx and tubal endometriosis. To test the hypothesis that damage to the FT induced by 

these conditions is associated with abnormal expression levels of markers of decidualisation, 

immune response, steroid hormone responsiveness and cell proliferation, the FT of patients with 

these conditions were probed to characterise leukocytes, FOXO1A, androgen receptor (AR) and Ki67 

expression. With regard to the leukocytic markers, CD56 and CD68 were chosen, as they are 

expressed by natural killer cells (CD56) and macrophages (CD68), the two most abundant leukocytes 

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

was chosen as a decidualisation marker since there was a significant difference in expression 

between the proliferative and secretory endometrium (Chapter 4). Ki67 is a general proliferative 

marker used to describe the proliferative index of cells or tissues (117).  

The definition of a hydrosalpinx is άcollection of watery fluid in the uterine tube, occurring as the 

end-stage of pyosalpinxέ (118). However, hydrosalpinx also encompasses distal FT occlusion as a 

cause of any pathology, and as a synonym of sactosalpiƴȄ ǿƘƛŎƘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άŘƛƭŀǘƛƻƴ ƻŦ ǘƘŜ 

ƛƴŦƭŀƳŜŘ ǳǘŜǊƛƴŜ ǘǳōŜ ōȅ ǊŜǘŀƛƴŜŘ ǎŜŎǊŜǘƛƻƴǎέ (118). Hydrosalpinx is known to increase the risk of an 

EP and miscarriage occurring, as well as decreasing the rate of pregnancy (119). The most common 

cause of hydrosalpinx is PID, which mainly occurs as a consequence of prior STDs  (50). The 

infections cause such severe inflammation that the distal end of the tube is obstructed (50).  

Endometriosis refers to άthe presence of endometrial tissue outside the uterusέ (120). It is a 

common, benign gynaecological disorder that has characteristics of chronic inflammation (53). 

Endometriosis, a less common cause of hydrosalpinx, is also a risk factor for EP (3). 

5.1.1 FOXO1A 

Considering the results from Chapter 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 selected to be analysed 

in this chapter.  
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5.1.2 Androgen Receptor 

Androgens are the third major steroid hormone produced by the ovary and like other well 

characterised ovarian hormones, they act on their classical cognate receptors to exert their effects. 

The androgen receptor (AR) is a member of the nuclear receptor superfamily (121). AR is expressed 

in both premenopausal and postmenopausal endometrium and FT (56). The expression of AR is 

upregulated by oestrogens, whilst progesterone downregulates their expression in the endometrium 

(122). Androgen itself up-regulates its own receptor. Previous literature has shown that AR nuclear 

expression is present in stromal fibroblasts of the endometrial basalis throughout the cycle, whereas 

there is a cyclical change in the stromal fibroblast expression in the functionalis (123, 124). They are 

most notably found in endometrial fibroblasts during the proliferative phase of the menstrual cycle 

as these cells are the primary target of androgens (123, 125). The downregulation of AR in the 

functionalis of the endometrium is evident during the secretory phase, however, there is an 

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

use of anti-progestins and the resultant increase in expression of AR (121-123, 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 

(122). In an in-vitro model of primary human endometrial stromal cells, exposure of cells to AR 

antagonists decreased the secretion of decidualisation markers and endometrial receptivity markers 

(125).  

5.1.3 Leukocyte markers: CD45, CD56, CD68 

CD45 is a leukocyte common antigen and is a type of protein tyrosine phosphatase receptor (126). 

All leukocyte populations, in humans, express CD45 (126). CD45 has a key role in the regulation of 

leukocyte activity; it comprises up to 10% of the surface glycoproteins of leukocytic cells (126, 127).  

 

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

endometrium: NK cells and macrophages (43).  

 

CD56, otherwise called neural cell adhesion molecule, (NCAM) is a transmembrane glycoprotein 

(128). Expression 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, 

CD56bright and CD56dim (129). The expression of CD16, an immunoglobulin involved in antibody-

dependent cellular cytotoxicity, further categorises uterine NK cells, with most uterine NK cells 

expressing the CD56bright CD16- phenotype; 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 circulation (130). The 

numbers of uterine NK cells in the endometrium show a cyclical variation with the menstrual cycle 

(129). 

 

CD68, also called macrosialin or gp110, is a transmembrane glycoprotein expressed in 

macrophages as well as other mononuclear phagocytes (131, 132). It is found mainly in the 

endosomal/ lysosomal compartment of the cell with the ability to move rapidly between the 

endosomes and the plasma cell membrane (132). CD68 can be greatly upregulated in 

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 inflammatory changes (132). It has also been detected 

in small amounts on activated T cells and mature B cells where it appears as fine, granular 

staining as well as other cells in the haemopoietic system, and non-haemopoietic cells for 

example renal tubular epithelium (133). 

 

5.1.4 Ki67 

Ki-67 was originally identified as a monoclonal mouse antibody which was found to 

recognise an antigen present in the nuclei of proliferating mammalian cells while being 

absent from the nuclei of non-cycling cells (134). Using this antibody, it 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 histopathology (135). 

More recently, it was suggested that Ki-67 is involved in heterochromatin organisation and 

Therefore, controls gene expression (136). 

 

5.2 Aim 

To characterise the decidual, hormonal, immunological and proliferative phenotype of damaged FT 

5.3 Hypothesis 

Damaged FT with hydrosalpinx or endometriosis is associated with abnormal expression levels of 

markers of decidualisation, immune response, steroid hormone responsiveness and cellular 

proliferation. 

5.4 Methods 

IHC was used to semi-quantitatively analyse the expression of FOXO1A, AR, CD45, CD56, CD68 and 

Ki67 in damaged and healthy FT and their matched endometrium. 18 matched tubal and 
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endometrial, and 4 unmatched tubal samples were investigated; no specific anatomical region of the 

FT was focused on.  

Matched healthy tube and endometrial samples were included from patients who were identified 

using the inclusion and exclusion criteria (Chapter 3.2.1: Table 6). The demographic variables (Table 

19) were compared using the non-parametric Kruskal-Wallis test to ensure the groups of patients 

were comparable (Table 19). The matched FT and endometrial samples were sectioned and stained 

using IHC. The antibodies used were FOXO1A, AR, CD45, CD56, CD68 and Ki67 (Table 9). A semi-

quantitative Quickscore method was used to quantify the immunostaining for FOXO1A and AR 

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 cells was estimated for the tissue compartment. Due 

to the small sample number of each group, the non-parametric test for independent samples, 

Kruskal-Wallis test, was used to establish whether a statistically significant difference was present 

between the compared groups; all presented p-values are significant values adjusted by the 

Bonferroni correction for multiple tests (137). 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 endometrial samples; 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 of the FT.  

5.5 Patient Cohort and Demographics 

17 damaged FT with the matched full thickness endometrial biopsies, and 5 healthy FT were 

included in this study. The pathologies selected for the damaged FT were hydrosalpinx or 

endometriosis; the hydrosalpinx group contains 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 proliferative phase hydrosalpinx group 2 out of 3 patients were smokers whereas in 

the remainder of the groups none of the patients were smokers; the 2 patients were not excluded as 

it was not a predetermined exclusion criterion and would have reduced the sample size to an 

unwanted degree. Secretory phase healthy tubes served as the control group for this study with only 

one having a matched endometrial sample (SC group). Proliferative phase control samples were not 

considered essential as the results of Chapter 4 showed that healthy fallopian tubes do not change 

cyclically during the menstrual cycle.  The patient demographics for each group are presented in 

Table 19 below. Statistical comparison using the Kruskal-Wallis test showed no statistically 

significant differences between demographic variables, as illustrated by the p-values in Table 19. 
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In Table 19 it has been specified where there was information missing from the data collection form 

and recorded as άƳƛǎǎƛƴƎ ŘŀǘŀέΦ  

 

Table 19 Patient Demographics (body mass index (BMI), Standard Deviation (SD)) and Statistical 
Comparison of Demographic Variables using the Kruskal-Wallis Test (p-value) 

Group PH SH SE SC p-value 

Sample Number 3 11 3 5 - 

Age (years) Mean (± SD): 
39 (± 6) 
Median: 36 
Range: 33 ς 
47 

Mean (± SD): 
43 (± 6) 
Median: 45 
Range: 32 ς 
51 
(Missing data 
= 1) 

Mean (± SD): 
44 (± 4) 
Median: 45 
Range: 39 ς 
48 

Mean (± SD): 
42 (± 5) 
Median: 45 
Range: 35 ς 
47 

0.8 

BMI Mean (± SD): 
22.9 (± 3.6) 
Median: 20.3 
Range: 20.3 ς 
28 

Mean (± SD): 
29 (± 5) 
Median: 29 
Range: 21.5 ς 
38.3 

Mean (± SD): 
27.8 (± 2.3) 
Median: 29.2 
Range: 24.6 ς 
29.6 

Mean (± SD): 
28.4 (± 3.7) 
Median: 30.5 
Range: 22.6 ς 
32 

0.2 

Parity Mean (± SD): 
3 (± 0.5) 
Median: 3 
Range: 2 ς 3 
(Missing data 
= 1) 

Mean (± SD): 
1 (± 1) 
Median: 1 
Range: 0 ς 4  
 

Mean (± SD): 
1 (± 0.8) 
Median: 1 
Range: 0 ς 2 
(Missing data 
= 1) 

Mean (± SD): 
1 (± 1.2) 
Median: 1 
Range: 0 ς 3 
(Missing data 
= 1) 

0.4 

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

 

5.5.1 Control Sections for Antibodies 

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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5.6.1 FOXO1A Expression  
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Figure 20 FOXO1A expression in the endometrium and fallopian tube. (A-C) FOXO1A immunostaining 
Quickscores for nuclear and cytoplasmic expression in the luminal epithelium, stroma and glandular 
epithelium of the endometrium. (D-E) FOXO1A immunostaining Quickscore for nuclear and 
cytoplasmic expression in the epithelium and stroma of the fallopian tubes.  
Groups: PH (proliferative phase hydrosalpinx), SC (secretory phase control), SE (secretory phase 
endometriosis), SH (secretory phase hydrosalpinx) 

*  *  
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FOXO1A expression was quantified in control and damaged FT and matched endometrium (Figure 

20, 21). The endometrial expression was not significantly different between groups. In the luminal 

epithelium, the nuclear immunostaining of the secretory groups SC, SE, 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 sample (Figure 20A, 21). In the 
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 Figure 21 Representative micrographs demonstrate FOXO1A immunostaining in endometrium (A, B, D, E, G, H, J, K) and 
fallopian tube (C, F, I, L).  Scale bars = 100 ˃ m. 
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stromal compartment, FOXO1A immunoscores had overlapping ranges of scores between groups 

(Figure 20B). 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 all groups in the 

functional gland compartment (Figure 20C).  

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 group (p = 0.014, p = 0.043 respectively) (Figure 20, D, E; Figure 

21 F, I). The SE and PH group nuclear FOXO1A immunostaining of both the epithelium and stroma 

were overall slightly lower than the SC group, though this did not reach statistical significance (Figure 

20, D, E). The cytoplasmic staining was similar across all groups in both the tubal epithelium and 

stroma (Figure 20, D, E; Figure 21 C, F, I, L).  
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5.6.2 Androgen Receptor Expression  
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Figure 22 AR expression in the endometrium and fallopian tube. (A-C) AR immunostaining Quickscores 
for nuclear and cytoplasmic expression in the luminal epithelium, stroma and glandular epithelium of 
the endometrium. (D-E) AR immunostaining Quickscores for nuclear and cytoplasmic expression in the 
epithelium and stroma of the fallopian tubes.  
Groups: PH (proliferative phase hydrosalpinx), SC (secretory phase control), SE (secretory phase 
endometriosis), SH (secretory phase hydrosalpinx) 
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 Figure 23 Representative micrographs demonstrate Androgen Receptor immunostaining in endometrium (A, B, D, E, G, H, J, 
K) and fallopian tube (C, F, I, L).  Scale bars = 100 ˃ m. 
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Figure 23 illustrates the androgen receptor (AR) quickscores and Figure 23 depicts representative 

micrographs. In the endometrial luminal epithelial nuclear and cytoplasmic compartments, AR 

immunoscores were low throughout (Figure 22A). In the stroma, (Figure 22B) the nuclear staining of 

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

staining intensity was similar; the same trend was noted in the staining of the cytoplasm in the 

stroma. The staining intensƛǘȅ ƛƴ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ƎƭŀƴŘǎΩ ƴǳŎƭŜŀǊ ŀƴŘ ŎȅǘƻǇƭŀǎƳƛŎ ŎƻƳǇŀǊǘƳŜƴǘǎ ǿŀǎ 

low across all groups (Figure 22C), similar to the luminal epithelium immunoscores (Figure 22D).  

The immunostaining of the FT epithelial nuclei (Figure 22D, Figure 23) was overall markedly higher 

than in the endometrial luminal epithelium (Figures 22 A). The immunoscores of the nuclei in the 

tubal epithelium were similar in the PH, SC and SE groups, and trended slightly lower in the SH 

group. The cytoplasmic staining of the tubal epithelium (Figure 22D) was similar across all groups, 

and the immunoscores were overall higher than those of the endometrial cytoplasmic luminal 

epithelium (Figure 22 A). In the stroma of the FT (Figure 22D), the SE nuclear and cytoplasmic 

immunostaining was consistently the lowest across the four groups; the PH, SC and SH groups had 

similar intensity in staining.  
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5.6.3 Ki67 Expression 
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Figure 24 Percentage of cells positive for Ki67 in the endometrium and fallopian tube. (A-C) Ki67 immunostaining scores (% 
positive) in the luminal epithelium, stroma and glandular epithelium of the endometrium. (D-E) Ki67 immunostaining 
scores (% positive) in the epithelium and stroma of the fallopian tubes. Groups: PH (proliferative phase hydrosalpinx), SC 
(secretory phase control), SE (secretory phase endometriosis), SH (secretory phase hydrosalpinx) 
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 Figure 25 Representative micrographs demonstrate Ki67 immunostaining in endometrium (A, B, D, E, G, H, J, K) and 
fallopian tube (C, F, I, L).  Scale bars = 100 ˃ m. 
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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 (Figure 24A, Figure 25). In the functional 

stroma, the range of percentage positive cells was similar across 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 

(Figure 24C). 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 this did not reach statistical significance (p = 

0.051) (Figure 24D; Figure 25 C, F, I, L). In 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 cells which reached statistical significance when compared to the SC group (p = 0.035) 

(Figure 24E). 
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5.6.4 Leukocyte Infiltration 

% Positive Leukocytes in Endometrium

CD45

CD56

CD68

A B

Luminal Epithelium

PH SE SH SC

0

10

20

30

40

50

60

70

80

90

100

%
 L
e
u
k
o
c
y
t
e
s

Functional Stroma

PH SE SH SC

Functional Gland

PH SE SH SC

0

10

20

30

40

50

60

70

80

90

100

%
 L
e
u
k
o
c
y
t
e
s

C

% Positive Leukocytes in Fallopian Tube

ED

Luminal Epithelium

PH SE SH SC
0

10

20

30

40

50

60

70

80

90

100

%
 L
e
u
k
o
c
y
t
e
s

Stroma

PH SE SH SC

KEY:

 Mean

 Min~Max

 Data

Figure 26 Percentage of cells positive for Leukocyte in the endometrium and fallopian tube. (A-C) 
Leukocyte immunostaining scores (% positive) in the luminal epithelium, stroma and glandular 
epithelium of the endometrium. (D-E) Leukocyte immunostaining scores (% positive) in the epithelium 
and stroma of the fallopian tubes. Groups: PH (proliferative phase hydrosalpinx), SC (secretory phase 
control), SE (secretory phase endometriosis), SH (secretory phase hydrosalpinx) 
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 Figure 27 Representative micrographs demonstrate leukocyte immunostaining in endometrial functionalis; CD45 (A, D, G, 
J); CD56 (B, E, H, K); CD68 (C, F, I, L). Scale bars = 100 ˃ m. 
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Figure 29 Representative micrographs demonstrate positive immunostaining of foamy histiocytes for CD45 (A), CD56 (B), 
CD68 (C). Scale bars = 100 ˃m. 
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Figure 28 Representative micrographs demonstrate leukocyte immunostaining in fallopian tubes; CD45 (A, D, G, J); CD56 (B, E, 
H, K); CD68 (C, F, I, L). Scale bars = 100 ˃m. 






























