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Abstract 

Endometriosis is a benign gynecological disease that affects up to 10% of women of reproductive 

age; however, the pathogenesis of endometriosis remains poorly understood. HOX genes encode 

transcription factors that play roles in regulating cell proliferation, differentiation, angiogenesis, 

adhesion and motility in adult tissues – key features of endometrioid tissues. The aim of this study 

was to examine the localization of HOXB4, via immunohistochemistry (IHC), in both eutopic 

(EE) and ectopic endometrial tissues (deep infiltrating endometriosis (DIE) and endometriomas 

(Eoma)) from women with endometriosis and compare it to endometrial tissue from women with 

no history of endometriosis (EC). The localization of HOXB4 in these tissues was determined via 

immunohistochemistry (IHC) with a monoclonal HOXB4 antibody, where immunoreactivity was 

assessed by the Histoscore (H-Score) method.  

HOXB4 protein was present in the endometrial glandular epithelial cells only. HOXB4 

immunoreactivity in EC was significantly higher in the proliferative phase than in the secretory 

phase of the menstrual cycle; however, this difference was lost among the diseased groups (EE, 

Eoma and DIE). Interestingly, HOXB4 expression was significantly lower in the DIE lesions 

compared to matched eutopic endometrium and endometrioma /DIE lesions. After normalizing 

HOXB4 mRNA levels to endometrial epithelial cell content, HOXB4 mRNA levels were also 

significantly lower in the DIE groups when compared to EC and Eoma. 

On the whole, HOXB4 expression is reduced in DIE, but not endometrioma endometriosis, 

and may be dysregulated in ectopic implants. During the menstrual cycle, the expression of HOXB4 

in endometrial glandular epithelial cells is higher in the proliferative phase than the secretory phase 

in the normal eutopic endometrium. We here report for the first time the expression of HOXB4 

localization and immunoreactivity not only in the normal eutopic endometrium but also in both 

eutopic and ectopic endometrial tissues in women with endometriosis.   
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Chapter 1: Introduction 

1.1 ENDOMETRIOSIS 

1.1.1 Overview 

  Endometriosis is a common, chronic and complex gynecological disease that affects 10-15 

% of women in their reproductive age [1-4]. Approximately 70% of these women complain of 

pelvic pain and up to 40% suffer from infertility [5].  

Endometriosis is characterized by the presence of uterine (endometrial) tissues in regions 

outside of the uterus. These outgrowing endometrial tissues growths, referred to as ectopic 

implants, are composed of uterine glands and stroma — resembling the inner endometrial lining 

of the uterus — and are most commonly found  on the ovaries, peritoneum, bladder, or bowel. 

Ectopic implants also have an array of different appearances, ranging from fine superficial lesions 

to subtle infiltrating masses, deep infiltrating masses (DIE), and the thick walled, blood filled 

ovarian endometriomas or “chocolate cysts” [6, 7].  

As endometrial ectopic implants are composed of uterine epithelial tissue, they respond to 

the cyclic dynamic hormonal changes of the menstrual cycle with growth and shedding phases. 

During the menstrual phase of the monthly cycle, ectopic implants will shed endometrial epithelial 

and stromal cells (resembling menstrual blood) that may then get trapped in the pelvis and adhere 

to the surrounding organs and tissues, depending on the location of the implants. With the 

repetition of each cycle, trapped blood can lead to irritation of surrounding organs and nerve 

endings. Furthermore, fibrous connective tissue development (fibrosis) between the implants and 

surrounding organs can lead to adhesion formations and distortion of the pelvic anatomy, resulting 

in symptoms of pelvic pain and/or infertility [8]. Indeed, symptoms of debilitating, enduring pelvic 

pain and/or subfertility/infertility help health care professionals diagnose endometriosis. The pain 
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could be in the form of painful menstruation (dysmenorrhea), painful sexual intercourse 

(dyspareunia), painful bowel movement (dyschezia) or a chronic pelvic pain. Several 

epidemiology studies suggest that pelvic pain and infertility may affect up to 30% and 50%, 

respectively, of women diagnosed with endometriosis [9-11]. These findings were estimated based 

on direct visualisation of the implants and/or histological confirmation of endometriosis.  

However, endometriosis in many women will often go undetected, as evidenced by incidental 

diagnoses of women during exploratory laparoscopies [12]. Nnoaham et al. reported in their 

multicentric study that the mean intermission of diagnosing endometriosis was a very poor 6.7 

years [13]. It is important to better improve diagnosis of endometriosis in order to more fully 

understand the magnitude of this devastating disease [14].     

Endometriosis is more common among Asians and Caucasians when compared to black 

and Hispanic women, with a mean age of diagnoses between 25 and 35 years old [15]. Other 

factors that have been associated with an increased risk of endometriosis include anatomical 

anomalies, low body mass index, nulliparity, short menstrual cycles, heavy menstruation, 

persistent menstruation, bleeding disorders, late menopause, a family history of the disease, 

alcohol consumption and smoking [16, 17]. Menarche after the age of 14, multiparity and a 

prolonged lactation period are associated with a decreased risk of endometriosis [11, 18].  

In 2009, Ley et al. estimated the total annual cost, from a societal perspective, of 

endometriosis on the Canadian health care system to be $2.4 billion, with a mean cost of $5200 

per patient [19]. In the United States, endometriosis is the third leading cause of gynecological 

hospitalization [20] with annual costs thought to exceed $49 billion. In addition to the significant 

economic burden, this disease affects the patient’s personal, social, and professional quality of life 

due to the severity of the symptoms [21]. 
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Since the seventeenth century, the history of the many poorly understood pathogenesis 

theories proposed to explain endometriosis highlights the limitations in the classification of 

endometriosis. However, modern technology has enabled researchers to explore different 

molecular methods, the genetic and epigenetic changes featured in both eutopic and ectopic 

implants, giving hope to the future of diagnosing and treating endometriosis [15].  

 

1.1.2 Pathophysiology of Endometriosis   

1.1.2.1 Overview of Endometriosis Pathophysiology Theories   

        Although it is a very common disease with serious implications, no single theory has 

yet fully explained the pathogenesis of endometriosis. There are, however, many theories 

hypothesised [15, 22, 23] as to how endometrial tissue in the uterus (“eutopic” endometrium) can 

become “ectopic” and implant/grow elsewhere in the body.  The most widely accepted classical 

theories revolve around two different origins for the disease: endometrial tissue travelling and 

implanting in surrounding areas, or metaplasia of eutopic tissue into endometrial-like tissue. 

Combined these theories may explain most of the variations in appearance and location of 

endometriosis. Sampson’s theory of retrograde menstruation (reflux) proposes that endometriosis 

is caused by menstruation that travels back up through the fallopian tubes into the pelvis 

(retrograde menstruation), carrying with it endometrial cells that may implant, spread, and grow 

[6, 24].  A widely accepted alternate hypothesis, Meyer’s Theory, proposes that ectopic 

endometrial tissue growths are caused by metaplasia (abnormal change in the nature of a tissue) 

of coelomic/peritoneal-derived cells, thereby explaining ectopic growths in regions where 

endometrial cells may not be able to travel to and implant. A further hypothesis, Halban’s Theory, 

proposes that endometrial cells may travel in the pelvis and to remote locations via 
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lymphatic/hematologic means, with subsequent implantation giving rise to ectopic growths [25]. 

However, none these classic theories have been unequivocally proven to explain the pathogenesis 

of endometriosis. Recently, increased understanding of the roles family history (genetics), the 

immune system, and oxidative stress play in its pathogenesis has broadened our view of the factors 

that contribute to the etiology of endometriosis (Table1.1).  The classical theories, their inter-

related literature, and some recent evidence of other factors contributing to the pathogenesis of 

endometriosis will be reviewed.   

Table 1.1 Summary of Endometriosis etiology mechanisms  

Theory  Year Summary 

Embryonic Rest 

(Von Recklinghausen 

and Russell Theory) 

1890’s  Endometriosis arises from the germinal Müllerian 

remnants of the mullerian duct. 

Metaplasia (Meyer’s 

Theory) 

1919  Endometriosis caused by endogenous and/or 

exogenous factors 

 Coelomic epithelial cells may transform into 

endometrial cells.  

Retrograde  

menstruation 

(Sampson’s Theory) 

1920’s  Migration, implantation, and proliferation of ectopic 

endometrial tissue via retrograde menstruation 

through mesosalpinx into the pelvis. 

Lymphatic and 

Hematologic Metastasis 

(Halban’s Theory) 

 

1920’s  Transportation of endometrial cells through the 

lymphatic system to remote location outside the 

pelvic cavity.   

Genetic 1950’s  Genetic component increasing the ability for 

attachment of endometrial cells and evasion of these 

cells from immune clearance. 

Hormones    Proliferation of ectopic implants via high 

local/systemic estrogen levels and local 

progesterone resistance. 

Immunity and 

Inflammation  

  Decreased ability of immune cells to eliminate 

ectopic endometrial tissue. 

 Recruitment of pro-inflammatory cytokines by 

immune cells promotes endometrial lesion growth. 
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1.1.2.1.1 Theory of Embryonic Rest 

Interestingly, endometriosis has also been reported in male patients [26-29]. An acceptable 

explanation of endometrial like tissue being found in males was first proposed in the nineteenth 

century by both Von Recklinghausen and Russell: germinal embryonic mullerian cells in the male 

fetus may differentiate into endometrial cells under certain stimuli [30]. As both female and male 

gonads, ovaries and testis respectively, originate from a bi-potential gonad, alterations in 

development leading to endometrial cells in men is plausible [31]. However, many would debate 

that larger numbers of male patients with extra pelvic endometriosis should be observed if in situ 

developmental changes explain the etiology of endometriosis [32].  

 

1.1.2.1.2 Theory of Retrograde Menstruation and Implantation (Sampson’s Theory) 

Although many reports had been published in the late 1800s to describe ectopic implants, 

John A Sampson is considered the first to surgically and histologically describe the classical 

ovarian endometriosis as “perforating hemorrhagic (chocolate) cysts of the ovary” in several case 

reports from 1921 to 1927 while observing a series of hysterectomies performed during different 

menstrual cycle phases [33]. Sampson was also the first to propose that peritoneal endometriosis 

may be derived from a perforated ovarian cyst; the subsequent dissemination of the contents 

leading to implantation and growth in the peritoneum. He also first proposed the theory that eutopic 

endometrial tissue travelling up the fallopian tube during menstruation could lead to ectopic 

implants, thereafter referred to as the Sampson’s  retrograde menstruation and implantation theory 

[15].  
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Sampson concluded that, during the menstrual cycle, both the eutopic and ectopic tissue 

will slough off its lining and disseminate into the circulation leading to implantation and possibly 

growth in favorable conditions (i.e. auto-transplantation)[6, 34].   

In support of this theory, surgical induced menstrual canal obstruction in baboons 

stimulated retrograde menstruation resulting in up to 100% of these animals developing pelvic 

endometriotic implants [35, 36]. Olive et al reported a higher prevalence of endometriosis in 

women suffering from obstructed menstrual outflow due to congenital mullerian anomalies like 

imperforated hymen or iatrogenic cervical stenosis [22, 37]. Moreover, the viability of the 

sloughed menstrual tissue to proliferate and grow has been confirmed in-vitro [38-40].  

While the retrograde menstruation theory, to date, is the most supported theory for the 

pathophysiology of endometriosis, multiple reports show that only up to 10% of women in their 

reproductive years develop this disease despite the fact menstrual blood was visualised in the 

fallopian tubes and in the peritoneal cavity in up to 90% of menstruating women [41-43]. 

Moreover, this theory cannot explain cases of endometriosis in extra pelvic organs, pre-pubertal 

females, neonates, or male patients.  This would suggest that other factors, besides retrograde 

menstruation and implantation, are contributing to the etiology of endometriosis. 

 

1.1.2.1.3 Theory of Coelomic Metaplasia (Mayer’s Theory) 

The theory of coelomic metaplasia addresses the pathophysiology of pelvic and pleural 

(serous membrane lining the thorax and enveloping the lungs) endometriosis, proposing that trans-

differentiation of ovarian germinal epithelial cells and peritoneal serosa into endometrial-like cells, 

via hormonal and/or immunological mechanisms, results in ectopic implants [44, 45]. In 1942, 

Peter Gruenwald hypothesized that extra-pelvic endometriosis is caused by embryologic 
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metaplastic transformations in the mesothelial lining of the coelomic wall (which involves organs 

developing into the pelvic, plural cavities, and limb buds) into epithelial like tissue [46]. This 

metaplasia was due to the transformational capability of the precursor mesothelial cells that line 

the abdominal cavity and was thought to occur naturally or be induced via hormonal or 

immunological stimuli [22]. Matsuura et al tested this theory by examining the morphological and 

immunoreactivity differences between normal eutopic endometrium (EC), ectopic implants 

(superficial peritoneal and ovarian implants), normal peritoneum, and infoldings of the visceral 

peritoneum. They concluded that the immunoreactivity of ectopic implants and the infolding 

peritoneum were not different from eutopic endometrium; however, they were different from the 

adjacent peritoneal mesothelium. In addition, using human superficial ovarian glands, they were 

able to develop a human endometriosis model in vitro that showed the ability of the mesothelial 

cells to transform into endometrial like cells when subject to exogenous hormonal factors [47].  

This theory explained endometriosis in cases of pre-pubertal girls as well as the presence 

of endometrial epithelial glands and stromal cells in unusual sites in females like the lung, bladder, 

thumb, thigh, or knee.  

While this theory may be appealing as it explains the pathogenesis of endometriosis in 

organs that share the same coelomic precursor cells without relying on retrograde menstruation 

and implantation, some may argue that the rate of pleural endometriosis should be higher if this 

theory is correct and that this theory lacks the scientific evidence to support it [48]. However, 

studies that examine benign and malignant epithelial ovarian tumors and the similarities of these 

tumors to endometriosis may provide evidence to support this theory. 
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1.1.2.1.4 Theory of Lymphatic and Hematologic Metastasis 

Although Sampson’s theory proposed lymphatic dissemination as an etiology for 

endometriosis, his theory was only proven in juxta-pelvic locations. In the 1920’s, Dr. Josef 

Halban hypothesised that endometriosis is a result of hematologic and lymphatic metastasis of 

endometrial cells. He proposed that endometrial tissue is transported to remote locations by the 

lymphatic system. Indeed, this theory was supported by Javert in 1952 when he found the incidence 

of endometriosis in pelvic lymph nodes to be 6.5% in 153 women undergoing pelvic surgeries[30].  

 

1.1.2.1.5 The Role of Genetics and Epigenetic Changes 

In 1943, Goodall suggested that endometriosis may be familial. Several later reports 

documented that genetics may play a role and should be considered a risk factor for endometriosis 

[49, 50]. Subsequent reports looked into the prevalence of endometriosis among first degree 

relatives and found a seven times higher likelihood of the disease being found among first degree 

relatives of an endometriosis patient than in the general population [15, 51]. Moreover, 14 out of 

16 monozygotic twins were found to both develop endometriosis in their lifetime [52]. Some gene-

expression profiling studies established a polygenic mode of phenotype inheritance with certain 

environmental risk factors; therefore, endometriosis seems to be hereditary through complex 

genetic and environmental traits [53].   

With the advancement of technology and the ability to study epigenetic mechanisms, the 

importance of epigenetic changes in parallel to the genetic predisposition of this disease has been 

highlighted. Epigenetic changes play important roles in the proliferation, invasion and 

angiogenesis of the ectopic implants. These changes are stimulated by both hormonal and 
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chemokine cues resulting in a complex cascade of interactions and changes locally or systemically 

and the eventual improved survival of ectopic endometrial cells [15]. 

 

1.1.2.1.6 The Role of Steroid Hormones  

Endometriosis is not frequently seen in pre or postmenopausal women (not on hormonal 

treatment) indicating the role of steroid hormones. This role will be discussed in depth in section 

1.1.4. 

  

1.1.2.1.7 The Role of Immune Cells  

Compromised cellular and humoral immunity was found to be linked to the pathogenesis 

of endometriosis [15]. Lymphocytes, natural killer (NK) cells, cytokines, macrophages, and mast 

cells play a critical role in promoting conditions suitable for angiogenesis and proliferation of 

endometrial cells in ectopic locations, supporting the growth and survival of ectopic implants. 

Even though the numbers of immune cells appears to be high in the peritoneal fluid of patients 

with endometriosis, the failure of ectopic implants to be eliminated by the immune system 

indicates an aberrant immune response resembling autoimmunity [54, 55]. Indeed, reports have 

established an association between endometriosis and autoimmune diseases (e.g. systemic lupus 

erythematosus and rheumatoid arthritis) [15].  

Normally, the innate immune response is facilitated by both macrophages and NK cells. 

They play the major protective role in eliminating abnormal cells in the peritoneal fluid. In patients 

with endometriosis, there is a higher concentration of macrophages and reduced concentration of 

NK cells in the peritoneal fluid. However, the cytotoxicity of macrophages is decreased, via 
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production of chemokines and pro-inflammatory factors by the ectopic implants and macrophages 

themselves, enabling proliferation and invasion of the epithelial cells ectopically [23, 56, 57].  

The role of the acquired immune response is mediated by B and T lymphocytes. Reports 

in the literature are contradictory when it comes to the abundancy and role of B lymphocytes in 

eutopic and ectopic endometrium in patients with endometriosis [58]. On the other hand, the 

number of total T lymphocytes is found to be higher in the peritoneal fluid and ectopic implants 

than in the eutopic endometrium in women with endometriosis [15, 58, 59]; however, decreased 

lymphocyte proliferation and reduction of T lymphocyte cytotoxic response to autologous 

endometrial cells in patients with endometriosis has been reported [60, 61]. 
Cytokines are proteins that are important in cell chemical signaling, and play a key role in 

initiating up and/or down regulation of the inflammatory response. In endometriosis, chemokines 

(family of cytokines involved in chemotaxis) such as Interleukin-1 (IL-1), IL-6, IL-8, tumor 

necrosis factor-α (TNFα), regulated on activation, normal T cell expressed and secreted 

(RANTES), and monocyte chemotactic protein-1 (MCP-1) are produced and activated by different 

immune cells. The function of these cytokines in endometriosis is concurrent and overlapping but 

they generally promote migration of endometrial cells, growth of endometrial cells ectopically, 

and stimulate adhesions between implants and organs (via fibrous connective tissue formation) in 

the pelvic cavity resulting in anatomical distortion and/or pain [15].  

 

1.1.2.1.8 Oxidative Stress and Inflammation  

Oxidation reactions are double-edged swords: they allow for the large amount of energy 

converted from food but also produce damaging reactive oxygen species (ROS). The mechanisms 

in place to mitigate oxidative cellular damage via ROS includes a systemic defence system of 
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enzymatic (e.g. catalase, superoxide dismutase, and glutathione peroxidase) and non-enzymatic 

antioxidants (e.g. vitamins A, C, and E) that balance out the production of ROS [62]. An imbalance 

of antioxidants to ROS due to excess production of ROS and/or reduction in any of these 

antioxidants levels leads to ROS accumulation and subsequently oxidative stress [63]. This stress 

is toxic and damages cellular content by oxidizing nucleic acids, proteins, carbohydrates and lipids. 

In female reproduction, an imbalance of ROS to antioxidants was implicated in cases of 

endometriosis as DNA damage in the endometrial cells was due to oxidation of lipoproteins 

induced by ROS [64-67]. In endometriosis, the peritoneal cavity and its fluid are a major source 

of ROS. The increased water, electrolytes, and iron in the cavity (due to haemoglobin catabolism) 

leads to oxidation-reduction reactions and pro-inflammatory chemokine production resulting in 

the activation of oxidant enzymes and subsequent endothelial growth stimulation [68, 69]. Verit 

et al reported that serum paraoxonase-1 level, a low-density lipoprotein (LDL) antioxidant enzyme 

associated with high-density lipoprotein (HDL), is lower in patients with endometriosis and may 

indicate a more advanced endometriosis [70]. On the other hand, the supplementation of vitamins 

C and E or a high antioxidant diet for three-four months in a relatively small population of patients 

with endometriosis lead to the reduction of peripheral oxidative stress markers (malondialdehyde 

and lipid hydroperoxides) when compared to the control group (women with endometriosis on a 

normal diet), highlighting the importance of exogenous antioxidant supplementation in 

endometrial patients [71].  
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1.1.2.1.9    The Role of Diet and Environment 

Although there is not sufficient evidence to conclude dietary intake is a risk factor for 

endometriosis, environmental contaminants that enter the body through diet were found to be risk 

factors of endometriosis and may contribute to the etiology of this disease.  

Endometriosis is an estrogen-dependant disease and some environmental toxins may affect 

ectopic implants via their effect on estrogen or estrogen receptors. Isoflavones (e.g. 

phytoestrogens) are polyphenolic complexes that have estrogen-like effects and are consumed via 

dietary intake (e.g. soybean has a high estrogenic action); however, these phytoestrogens have 

been reported to be present in lower levels than normal estrogen physiological levels. In animal 

studies, a couple of phytoestrogens have been found to reduce both the weight and surface of 

ectopic implants by reducing the concentration of estrogen in the circulation of the animals [72].  

These results have yet to be replicated in humans. 

2,3,7,8-Tetrachlorodibenzodioxin (TCDD) is a highly toxic and carcinogenic dioxin: two 

6 member aromatic rings linked with two oxygens.  It is synthesized chemically and can also be a 

product of metal production and waste/wood burning.  Due to its high water solubility and 

relatively long half-life, TCDD may be stored in the body for years [73-75].  The toxicity of this 

dioxin can result in gene transcription and epigenetic aberrancies that has been found to play a key 

role in endocrine disruption in the context of the reproductive system. Endocrine disruption by 

TCDD occurs via steroidogenesis alterations, steroid receptivity alterations, immune function 

disorders, and as such TCDD can obstruct reproductive function [76].  For instance, TCDD was 

found to promote progesterone resistance, resulting in subsequent inflammation related molecular 

changes, by altering progesterone steroid synthesis and/or by altering progesterone receptor 
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function [77]. Effects of TCDD on progesterone resistance were observed when isolated stromal 

cells stopped expressing progesterone receptor B (PR-B) when treated with TCDD in-vitro [78].   

As presented above, and in addition to a recent literature review, the association between 

diet, environmental toxins exposure and endometriosis is disputable and better designed studies 

are crucial to examine the correlation [72].  

 

1.1.3 Anatomic Spread of Endometriosis 

Microscopically, endometriotic tissue is composed of endometrial epithelia and stroma in 

addition to fibrous tissue [79].  

The ectopic implants are seen in the pelvis and anywhere in the body except the spleen [80, 

81]; and are frequently found in the ovaries, anterior and posterior cul-de-sac, posterior broad 

ligament, uterosacral ligament, uterus, fallopian tube, sigmoid colon, appendix and round ligament 

[82-85]. Rarely, the ectopic implants can be seen in the bladder, ureter, surgical scars, pericardium 

and the pleura [86]. The complexity of endometriosis is best exemplified by the variation in disease 

form, appearance, and location. There are three common and unique pelvic forms: superficial 

peritoneal lesions (subtle or typical), ovarian endometriosis (endometrioma), and deep-infiltrating 

disease. Furthermore, the size, appearance and color of these implants may vary according to the 

lesion, patient age and the implant location [79]. A phenotypic classification has been proposed 

for these three forms according to lesion location and appearance and is currently being used. 

There has also been efforts to classify this disease on a genetic and molecular level; however, to 

date, none have proven more effective than gross phenotypic categorization [87-89].  

In 1860, Von Rokitansky was the first to describe the histological description of 

endometriosis [90]. With the advancement of medical technology, surgeons were able to identify 
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ectopic implants, based on anatomical location, even in cases of asymptomatic disease. In the 

twentieth century the definition of endometriosis was first given to the ovarian “chocolate cyst”, 

see 1.1.3.2[6]. In the late 1960’s the prevalence of endometriosis increased after the identification 

of pigmented lesions in the pelvis. The prevalence continued to increase with the identification of 

non-pigmented ectopic lesions in the mid-eighties [91]. Surgeons’ experience with ectopic 

implants coupled with advances in surgical and histopathological approaches led to the discovery 

of “subtle lesions”, the definition of which is controversial in the literature [92].  

Nisolle and Donnez debated that the anatomical location of the ectopic implants could be 

a key factor in the histogenesis of this disease [93].  

 

1.1.3.1 Superficial Peritoneal Endometriosis 

The difficulty in diagnosing microscopic endometriotic lesions makes reporting an 

accurate prevalence of endometriosis difficult. The superficial peritoneal category of 

endometriosis includes subtle and typical lesions that are rarely diagnosed without direct 

visualization. The definition of subtle lesions is debated in the literature but generally they are 

described as superficial, small (< than 3 mm), fluid filled sacs (vesicles) that can be white, red, or 

flame-like in colouration. Typical lesions are larger at up to 4 cm in diameter and are usually dark 

(powder-burn or gunshot lesions) and sclerotic with angiogenic activity [92].   

The biological activity varies between the different superficial peritoneal types as 

evidenced by observations of a lower mitotic index (indicating lower activity) in the white lesions, 

due to lack of vascularization, when compared to typical lesions [94].  Patients with superficial 

endometriosis tend to have minor symptoms and usually less structural changes in the pelvis.  

 



 

15 

 

1.1.3.2 Ovarian Endometriosis 

Endometriomas (chocolate cysts) develop when the surface (cortex) epithelium of the 

ovary, which has metaplastic potential under the influence of growth factors, is invaginated [95].  

Endometriomas present as complex cystic masses that can grow as large as 15cm in diameter, are 

thick-walled, can occur unilaterally or bilaterally, and contain a thick homogeneous dark 

red/brown liquid—hence the name “chocolate cyst” [96]. As with the other types of endometriosis, 

patients with endometriomas usually will present with pelvic pain and/or infertility. However, 

Fauconnier et al reported that chronic pelvic pain is correlated with deep infiltrating endometriosis 

more than with endometriomas [97].   

 

1.1.3.3 Deep Infiltrating Endometriosis  

Deep infiltrating endometriosis is defined as lesions penetrating more than 5 mm beneath 

the peritoneum [98]. They account for the more severe pain, depending on the localization and 

depth of the lesion. They can be found anywhere in the pelvis (cul-de-sac is the most common site 

of pelvic lesions), the abdominal wall, or localized in many unusual sites outside the pelvis, 

including the chest [99].   

As in endometrioma, DIE also is frequently complicated by adhesion development. 

Adhesion development can lead to pelvic organs displacement and may be the cause of infertility 

in these patients.  

 

1.1.4 The Physiological Changes in Endometriosis 

The uterus is composed of two anatomical parts: the uterine body and cervix. The uterine 

body consist of a functional surface that is formed of single-layered surface epithelium, basal 
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lamina, glands, connective tissue called stroma, and blood vessels. This functional surface 

epithelium will respond to hormonal changes during the menstrual cycle, resulting in re-

epithelialisation after each cycle and menstrual shedding. The basal lamina, however, does not 

respond to hormonal changes and thus it does not go through menstrual shedding. 

The hypothalamic-pituitary-gonadal axis (HPG) regulates the changes in physiological 

concentration of the gonadal steroids in circulation.  Gonadotropin-releasing hormone (GnRH) is 

released in a pulsatile fashion from the arcuate nuclei of the hypothalamus and positively regulates 

the synergistic action of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) being 

released into circulation.  FSH and LH regulate the ovary to produce the gonadal steroids: estrogen 

and progesterone [100]. This regulation occurs in a cyclic manner that manifests in a uterine cycle 

and an ovarian cycle occurring in tandem. A cycle usually lasts between 28-32 days but may vary 

from woman to woman. The uterine cycle has three phases: the menstrual phase (from 

menstruation day up to day 7), the proliferative phase (from day 7 to 13), and secretory phase 

(from day 14 to menstruation) [101].   

Proliferation of the uterine lining is caused by cumulative amounts of estrogen in 

circulation and occurs in parallel to the follicular changes in the ovary caused by circulating FSH. 

The secretory phase of the uterus occurs in parallel to the luteal phase in the ovary: the remnant of 

the dominant follicle is transformed into the corpus luteum which produces progesterone under the 

influence of LH. If no pregnancy occurs, progesterone levels will decrease leading to menstruation, 

sloughing off of the uterine epithelium, and the commencement of a new cycle [102]. It is common 

that the menstrual phase may be painful in some women (especially teenagers and young women) 

with some abdominal cramps or back pain [103]. 
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The classical symptoms of endometriosis are dysmenorrhea (pain with menstruation), 

dyspareunia (pain with vaginal intercourse), and infertility. The key pathological features 

contributing to these symptoms are growth of the ectopic endometrial implants and inflammation. 

During the proliferative phase, as in the eutopic endometrium, the ectopic implants grow in 

response to high estrogen levels. When this tissue subsequently sheds in the menstrual phase, the 

trapped blood can lead to inflammation of the surrounding tissue and adhesion formation, 

potentially resulting in distortion of the anatomy of the pelvis. An alteration in the anatomy of the 

pelvis is thought to cause the main symptoms of endometriosis, pelvic pain and/or infertility.  

Proliferation and growth of the implants is mainly promoted by estradiol and estrogen, whereas 

inflammation is promoted by prostaglandin, estrogen and cytokines [15].  

 

1.1.4.1 The Role of Estrogen 

Estrogen is the primary female steroid hormone and plays a major role in development and 

regulation of reproduction. The name estrogen has Greek origins, derived from οἶστρος (oistros) 

which means “producer of female desire" [104]. Estrogen has three natural endogenous bioactive 

forms: estrone (E1), 17β-estradiol (E2), and estriol (E3). E1 is the least profuse estrogenic hormone 

and it is usually produced by peripheral aromatization of androstenedione. E2, on the contrary, is 

the most bioactive form of the three forms and is produced mainly in the ovaries via aromatization 

of androgens [105]. E3 is biologically potent during early pregnancy.  

During the first two weeks of the menstrual cycle, the majority of circulating E2 is 

produced by the dominant follicle and plays essential roles in the endometrium revascularisation 

and proliferation of the functionalis layer [106]. The main mechanism of action of estrogen, as any 

other steroid hormone, is genomic, producing alterations in gene transcription via a cytosolic 
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estrogen receptor. This hormone-receptor mechanism is dependent on the binding of the lipophilic 

estrogen hormone to specific estrogen nuclear receptors (ERs) (at the hormone binding domain) 

in the cytosol after the hormone has crossed the lipophilic cell membrane. Binding of estrogen to 

its receptor results in the activation of the hormone-receptor complex that enables the complex to 

bind to corresponding, specific DNA sites via a DNA binding domain. The protein complex can 

then be translocated to the nucleus of the cell, where DNA binding dimerization and subsequent 

regulation of messenger RNA (mRNA) transcription takes place.  Proteins are synthesised by 

ribosomes as the end products of mRNA translation. In this process E2 receptors are just as 

important as E2 (the hormone) as E2 receptors are necessary to convert the hormonal signals into 

changes in gene transcription and cell function. There are multiple clinical factors of importance 

with regards to the action of the hormone-receptor complex, perhaps the most important being the 

duration and dose of hormone exposure [15, 107, 108]. In addition to the ERs, there are other 

hormone-receptor mechanisms that provide rapid cellular responses at the level of the cell 

membrane (membrane estrogen receptors (mERs)) and at the level of the endoplasmic reticulum 

(G protein-coupled receptors (GPER), e.g.  GPR30) [109, 110].  

Estrogen nuclear receptors have two isoforms: ER-alpha (ER-α) and ER-beta (ER-β), 

encoded by chromosomes 6 and 14 respectively. Both receptors are five domain proteins named 

A/B, C, D, E, and F domains. In ERs, the N-terminal A/B domain is a regulatory domain that 

activates gene transcription and is significantly different between the ERs. ER-α contains a 

transcription initiation factor TFIID subunit 1 (TAF-1) which will activate gene transcription, even 

in the absence of estrogen, via binding with epidermal growth factor (EGF), Insulin-like growth 

factor 1 (IGF-1), and Transforming growth factor alpha (TGF-α). ER-β however, does not have 

TAF-1 and can only regulate gene transcription when bound by estrogen.  Next to the regulatory 
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domain is the DNA-binding domain (C domain) which promotes the dimerization of estrogen 

receptor response elements onto DNA. The D domain (the hinge), which is a region connecting 

domain C and E, acts as a rotation site during the conformational change process and plays a role 

in the nuclear localization of the estrogen receptors. The E domain is responsible for gene 

transcription activation and it contains both estrogen hormone and coactivator /corepressor protein 

binding sites. The C-terminal F domain plays a role in the estrogen-bound receptor activity [15].  

In patients with endometriosis, estrogen is produced locally from the ovary, peripherally 

via conversion of circulating androgens to estrogens by adipose tissue (as in normal women), and, 

in addition, a significant amount of estrogen is produced in the endometriotic implants through 

local aromatisation and/or other steroidogenic enzymes [111]. Moreover, ectopic implants express 

lower levels of 17𝛽-hydroxysteroid enzymes, resulting in a reduction in the potency of E2 

conversion to E1, effectively increasing the more bioactive E2 form of estrogen [22]. Another 

suggested mechanism resulting in high E2 bioavailability in patients with endometriosis is linked 

to prostaglandins (PGs). Local utilization of systemic cholesterol in the ectopic implants facilitates 

the local production of the E2 precursor androstenedione by steroidogenic acute regulatory protein 

(StAR; encoded by STAR gene) and aromatase (encoded by CYP19A1 gene), which results in 

elevated E2 [112]. Interestingly, prostaglandin E2 (PGE2), which is produced locally in the ectopic 

implants, promotes the expression of both STAR and CYP19A1 genes either directly or by binding 

to its receptor which in turn leads to an increase in the intracellular level of cyclic adenosine 

monophosphate (cAMP) and consequently increases STAR and CYP19A1 genes expression in the 

endometriotic stromal cells [112]. This mechanism is only observed in ectopic implants and not in 

disease free eutopic endometrium due to the absence of steroidogenic factor 1 (SF-1), as there are 
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high levels of transcriptional repressors like Wilm’s tumor 1 transcription factor (WT1) and 

CCAAT/enhancer binding protein β (C/EBP β), in the latter [15]. 

 

1.1.4.2 The Role of Prostaglandins 

Prostaglandins (PGs) are a subclass of eicosanoids derived from free arachidonic acid (AA) 

metabolism and are expressed in almost all the body’s tissues. The chemical skeleton of PGs 

consists of 20 carbon atoms in a 5-carbon ring structure, with subsequent structural changes on the 

base skeleton determining the biological activity of the different PGs. The AA precursor to 

prostaglandins is freed from plasma membrane phospholipids by the phospholipase A2, 

cyclized/oxygenated/reduced by the cyclooxygenase (COX) enzyme isoforms COX-1 or COX-2 

forming PGH2, and finally converted in the uterus to prostaglandin E2 (PGE2) and prostaglandin 

F2α (PGF2α). They have wide range functions such as vasoconstriction, vasodilation, smooth 

muscle contractility, blood pressure control, and inflammation attenuation.  

Each prostaglandin has a specific receptor (a seven transmembrane G protein coupled 

receptor) that initiates signal cascades after being bound by the prostaglandin [113].  

Higher levels of PGE2 are found in eutopic endometrium and ectopic implants of women 

with endometriosis when compared to disease free endometrium, and are thought to contribute to 

the pelvic pain and inflammation symptoms of endometriosis.  The higher levels of PGE2  in 

endometrial stroma of patients with endometriosis is caused by the stimulation of cyclooxyganse 

(COX-2) by multiple cytokines (tumor necrosis factor-α (TNF-α), IL-1β, IL-6) and growth factors 

(vascular endothelial growth factor (VEGF)) that in turn promotes PGE2 production (Figure 

1.1)[15]. Accordingly, the symptoms of pelvic pain and inflammation in endometriosis are a result 

of a continuous positive feedback loop that drives formation of estrogen and PGE2 via classical 
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inflammatory responses that in turn results in further ectopic endometrial proliferation and 

inflammation. In conclusion, aromatase and COX2 actions are increased in the eutopic 

endometrium and ectopic implants of women with endometriosis leading to high local estrogen 

and PGE2 levels, respectively [114].  

 

1.1.4.3 The Role of Progesterone 

Another endocrine-related feature of endometriosis is the potential for resistance to 

progesterone. Progesterone (P4) is also an endogenous ovarian steroid hormone that is secreted by 

the corpus luteum during the luteal phase of the menstrual cycle and plays a major role in 

embryogenesis during pregnancy. The name of this hormone originated in the 1930’s when 

progestin (pro- + gestation) was blended with the German word Luteosteron (corpus luteum and 

sterol) [115, 116]. Many of the physiological effects of progesterone are amplified by estrogens, 

as estrogen signaling can up-regulate progesterone receptor (PR) levels [117].  

There are two isoforms of the progesterone receptor — PR-A and PR-B — which are 

encoded by a single gene on chromosome 11q22, via two distinct promoter regions, and function 

as ligand-activated transcription factors mediating progesterone’s regulation of cellular activities 

in tissues where they are expressed[15, 118, 119]. The two PR isoforms are structurally similar; 

however, PR-A is truncated compared to PR-B, missing an additional 164 amino acids that is 

found at the N-terminus of PR-B — termed the B-upstream segment (BUS) [15]. PR-A contains 

two activation factors (TAF-1 and TAF-2) located in the regulatory and hormonal binding domains 

respectively, whereas PR-B contains three activation factors (TAF-1, TAF-2, and TAF-3) allowing 

for PR-B to initiate transcription regulation even in the absence of the ligand (i.e. progesterone) 

[15]. PR-B activates progesterone-responsive genes; whereas, at the transcriptional level, PR-A 
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does not activate progesterone-response genes. PR-A, on the other hand, plays a dominant 

repressor role of both PR-B and ER transcriptional activity in the presence of the ligand [120]. 

There are other cytoplasmic isoforms for PRs (PR-C, PR-S, and PR-T) reported in the literature; 

however, they demonstrate lower tendencies to initiate functional transcriptional changes [121]. 

In the normal secretory endometrium, progesterone stimulates stromal cell proliferation. 

The receptiveness of the endometrium to this progesterone signal depends upon the type, amount, 

and ratio of PR isoforms. For instance, the amount of PR-A, transcriptionally inactive and a 

repressor of PR-B transcriptional activity, in a cell plays an important role in progesterone 

resistance and repressing the anti-inflammatory action of PR-B. Therefore, the cellular ratio of PR-

A to PR-B is thought to play a role in many pathologies, including endometriosis [120, 122]. In 

the normal endometrium, production of progesterone receptor isoforms is stimulated by E2.  

However, in ectopic implants, the level of PR-A is reduced and PR-B is undetectable when 

compared to normal eutopic endometrium, even though these ectopic implants produce viable 

quantities of progesterone and estrogen (Figure1.1) [15, 23, 114].  The resistance to progesterone 

in ectopic implants, via very low levels of PRs, is thought to contribute to elevated E2 levels and 

proliferation promotion as progesterone-mediated retinoic acid production is reduced which then 

leads to lower 17-beta-hydroxysteroid dehydrogenase (17BHD) levels, promoting high levels of 

E2 and high local aromatase activity [15]. 

  

1.1.5 Diagnosis and Management of Endometriosis 

1.1.5.1 Diagnosis of Endometriosis 

Clinical symptoms, a physical exam, and imaging modalities are not enough to make a 

final diagnosis of endometriosis.  Only by laparoscopic findings which are (if possible) confirmed 
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histologically, by the presence of endometrial glands and stroma, can a diagnosis of endometriosis 

be established [15].  

Recently, a standardized system to report pelvic structures and/or anomalies during a 

diagnostic pelvic laparoscopy has been proposed [123]. Briefly, the pelvis was divided into four 

zones paired into two midline and two lateral zones that are demarcated by major anatomical 

structures in the pelvis (Figure 1.2).  

Unfortunately, there are no available biomarkers to help screening for this overwhelming 

disease and definitive diagnosis can only be achieved by histopathological confirmation performed 

after a laparoscopy—the standard surgical management for endometriosis used to restore normal 

anatomy, relieve pain, and prevent adhesion formation [124, 125]. 

Due to the variety of endometriosis anatomical distribution, attempts at classifying this 

disease have been made and revised repetitively. The first classification system was the American 

Fertility Society classification in 1979, which was revised in 1985 and again in 1996. The 

American Fertility Society classification and staging system classifies endometriosis as either 

minimal, mild, moderate, or severe based on the severity of size, depth, and location of ectopic 

implants in addition to the general prognosis prediction of pain and infertility [126].  Although it 

is the most widely used classification system among gynecologists, it has many limitations, such 

as it poorly addresses deep infiltrating endometriosis and it lacks predicting both post-surgical 

pregnancy rates and outcome [15]. Therefore, other classifications were introduced. The ENZIAN 

score introduced in 2005 provides better classification for DIE involvement on other organs but 

does not classify the severity of the disease better than American Fertility Society classification 

[127, 128].  The Endometriosis Fertility Index (EFI) was introduced in 2010 to address 

demographical and morphological data as a predictor of post-surgical pregnancy rates in women 
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with endometriosis [129]. This index included the factors that can predict unassisted pregnancy 

over 3 years after the surgery 

 

1.1.5.2  Management of Endometriosis 

Usually women who are seeking treatment are the ones who present with the clinical 

symptoms of endometriosis: pelvic pain and/or infertility. Treatment approaches can be 

conservative, medicinal and/or surgical depending on the severity of the symptoms and whether 

fertility is a concern.  

Medicinal treatments for women with mild to severe pain include non-steroidal Anti-

inflammatory drugs (NSAIDs) in combination with estrogen-progesterone contraceptive pills 

and/or gonadotropin-releasing hormone agonist, depending on the levels of pain [15]. Another 

approach is to disrupt the positive feedback loop of continuous E2 and PGE2 production by 

administering exogenous aromatase inhibitors, subsequently restricting tissue growth (E2 levels) 

and the resulting inflammation and pain (PGE2)[112]. 

Surgical treatment aims to delay or eliminate recurrence and to restore normal anatomy. 

Instrumental and technical advancement in treating endometriosis with the evolution of a minimal 

invasive approaches permit better short and long term surgical outcomes. Based on the severity 

and the type of endometriosis, different surgical approaches have been established [15].      

 

1.1.6 Endometriosis and Cancer  

Endometriosis shares many biological features with cancer: invasion of the surrounding 

tissue, migration to different locations, proliferation, and quick recurrences after treatment [130-

134].  In epithelial ovarian cancer, it is well known that the tumors are derived from germinal 
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epithelium; therefore, the presence of ovarian surface epithelium could be accounted for by 

coelomic metaplasia [135].  

According to the 2014 statistics from the Canadian Cancer Society, ovarian cancer is the 

fifth leading cause of cancer-related death in Canadian women and the most lethal gynaecological 

malignancy. The majority of epithelial ovarian cancer consists of high-grade serous cancers, which 

are now thought to be driven from the fallopian tube.  Another one-quarter of ovarian cancer 

consists of low-grade serous, endometrioid, and clear cell cancers that are thought to derive from 

endometriosis. Indeed, an elevated risk of epithelial ovarian cancer is associated with 

endometriosis as shown by a meta-analysis reporting a 27-80% risk of ovarian cancer in women 

with endometriosis when compared to women from the general population without endometriosis 

[136]. 

1.2 Homeobox (HOX) Genes  

1.2.1 HOX Genes Structure 

In 1921, Dr. Calvin Blackman Bridges discovered the dominant regulatory genes in the 

fruit fly Drosophila melanogaster that explained the segmental replacement of the legs in the 

antennae location. These regulatory genes are the Homeobox superfamily (HOX) [137-139]. To 

date, in humans, the HOX family is composed of 39 regulatory HOX genes coding for nuclear 

proteins which are identified on four clusters (A–D) located on different chromosomes, at 7p15, 

17p21, 12q13, and 2q31, respectively (Figure 1.3) [138]. In 1984, cloning these genes expanded 

our understanding about their function at the molecular level [140-142]. Each gene has a distinctive 

181 base pair region encoding a 61 amino-acid long DNA-binding domain that is folded into a 

helix-turn-helix motif.  
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The HOX genes preserve a relationship known as collinearity; each HOX cluster contains 

up to 11 genes organized in a linear fashion that is parallel to their expression along the anterior-

posterior body axis [143]. In humans, HOX genes function as transcription factors regulating a 

series of downstream gene pathways. These pathways control structural embryogenesis and 

organogenesis by specifying the positional identity of the embryo’s organ development along 

anterior-posterior axis, known as embryonic segmentation. The order of structures in this 

segmentation relates to the order of the HOX genes controlling the development of that structure 

along the chromosomes or in the cluster.  

In addition, HOX genes play an important role during adult life with regards to functional 

differentiation, regulating hematopoietic stem cell differentiation [144], endothelial cells 

angiogenesis [145], adhesion, and motility [139, 146, 147].  Recently, an important link was 

established between HOX genes and oncogenesis as well as tumor suppression [148]. HOX genes, 

together with co-activators, bind to DNA and consequently regulate expression of genes involved 

in oncogenesis. 

 

1.2.2 Regulation of HOX Genes Expression 

Mechanisms of regulating HOX gene expression is guided by the 3’ to 5’ location of the 

HOX gene in the cluster, which resembles their expression along the A-P axis. All 3’ genes are 

expressed in the anterior tissues and are recessive to the more dominant phenotype of the 5’ genes 

that are expressed posteriorly. Not only in the developing tissue, but also in the adult tissue, HOX 

genes are considered the morphological identity regulators.  Mechanisms regulating adult tissue 

cellular balance were linked to HOX transcriptional mechanisms. Understanding these principles 

of HOX gene location helped in identifying HOX gene dysregulation and the critical role this 
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dysregulation plays in carcinogenesis [148]. As a general rule, when a HOX gene is highly 

expressed during embryogenesis, the same gene is increased in cancer. However, if the HOX gene 

is highly expressed in the adult tissues, the expression of that HOX gene is decreased in cancer 

[149].  Moreover, HOX genes may have opposing functions in different tissues when regulated by 

specific pathways that either contribute to normal organogenesis or the disruption that happens 

during tumor genesis in the same organ or in a different one [139]. An example would be HOXB13; 

this gene is essential in the normal development of the prostate [150] and supresses prostate cancer 

formation [151], meanwhile it promotes the invasiveness of breast cancer [152]. 

HOX genes regulate tissue identity during development and in adult tissues; however, they 

are in turn regulated by the interaction of many hormones and their receptors, including sex 

steroids and vitamins [153].  

 

1.2.2.1 HOX Genes and Steroids 

HOX genes during female reproductive tract embryogenesis are regulated by estrogen.  In 

humans, during the development of the Müllerian duct, the collinearity of HOX genes (as 

mentioned earlier) is uniquely preserved. This is evident in the linear expression of the HOXA 

cluster genes during female reproductive organogenesis. HOXA9 is expressed in the rostral portion 

of the paramesonephric duct that differentiate into the oviducts, followed by HOXA10 expression 

in the regions that develop into the uterus, and HOXA11 expression in the regions that develop 

into the uterus and the cervix. Finally, the 5’ HOXA13 is expressed in the dorsal portion, which 

differentiates into the vagina [154]. There is enough evidence to prove that these genes continue 

to maintain the adult functional characteristics of the female reproductive tract such as plasticity 

[155]. Diethylstilbestrol (DES), a nonsteroidal estrogen used to treat pregnant mice to improve 
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pregnancy outcomes, treated mice demonstrated posterior shifts of HOXA9, 10 and 11 gene 

expression from the normal pattern, leading to multiple reproductive anomalies [156]. Moreover, 

this posterior shift was demonstrated by Block et al in human endometrial cancer cells treated with 

DES. This resulted in two fold increase in HOXA9 expression posterior to its normal expression 

domain (i.e. oviduct) [156]. Knocking out Erα in mice resulted in sterility while mice that lacked 

Erβ were either sub fertile or infertile [157]. Moreover, in vitro human primary cultured 

endometrial cells treated with 17β estradiol resulted in concentration-dependent elevation in 

HOXA10 and HOXA11 mRNA levels [158]. Progesterone also plays a role in regulating HOX 

genes in the adult tissue. It regulates the expression of both HOXA10 and HOXA11 in the 

endometrial tissue. This is evident in its role in mediating endometrial receptivity by endocrine-

HOX signalling pathways [153]. Taylor et al treated primary endometrial cell cultures with 

medroxyprogesterone acetate (MPA). They found that the expression levels of both HOXA10 and 

HOXA11 are increased in a linear fashion temporally coincident with the level of the steroids 

hormones during the menstrual cycle [158].  

 

1.2.2.2 HOX Genes and Vitamins  

Vitamin A has many active forms, one of relevance is retinoic acid (RA). It functions as a 

hormonal metabolite that is essential for the growth and development of epithelial cells. This role 

is clear during embryonic development as RA serves as an intercellular signalling molecule 

regulating the developmental direction along the AP axis [159].  RAs mechanism of action is 

mediated by binding to its nuclear receptor, retinoic acid receptor (RAR), at the retinoic acid 

response element (RARE) region along with the heterodimer retinoid X receptor (RXR). This will 

result in conformational changes of RAR that allows for up or down transcriptional regulation of 
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HOX genes and other target genes [160]. Indeed, HOX genes developmental functions are 

regulated by RA as determined in mouse deletion analysis studies. In a cluster, 3’HOX genes were 

found to be more sensitive to transcriptional changes induced by RA when compared to genes 

around the 5’ [161]. Moreover, RAREs, when bound by RA, where found to regulate HOXA1 in 

humans and mice [161, 162]. Furthermore, early expression patterns of HOXB1 in mice and 

chicken are established by enhancers that, in conjunction with RAREs, regulate the expression of 

this gene [163]. During murine embryogenesis, ectopic exposure to RA resulted in increased 

anterior expression of the 3’HOXB genes but not the 5’ genes [164]. Overall, RA is an important 

regulator during embryogenesis and organogenesis.  

Vitamin D is metabolised in vivo to the active form calcitriol or 1,25-dihydroxyvitamin D3.  

Upon binding of D3 to vitamin D receptor (VDR), a cascade of reactions are triggered that results 

in the binding of the D3-VDR complex to specific vitamin D response elements (VDREs) in the 

enhancers of target genes allowing for regulation of these genes. Indeed, in primary human 

endometrial stromal cells, HOXA10 was upregulated after exogenous D3 treatment [165]. 

 

1.2.3 HOX Genes and Cancer 

Little is known about how endometriosis undergoes malignant transformation to 

endometrioid and clear cell ovarian cancers [166, 167]. However, the Müllerian ducts are 

originated from the embryonic coelomic cavity epithelium, where differentiation of the primitive 

uterine tube to oviducts, fallopian tubes, uterine corpus and cervix is regulated by many 

transcriptional factors including HoxA9, A10 and A11 [168, 169]. Although normal ovarian 

epithelia don’t express any of these genes, the morphological resemblance of the epithelial ovarian 

cancer and the Müllerian duct derived epithelium suggest that they share the same cellular origins, 
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which is regulated by HOXA9,A10  and A11. This conclusion was supported when differentiation 

of the Müllerian duct, resulting in cells with morphological resemblance to epithelial ovarian 

cancers cells, occurred via inducing the collinear expression patterns of these HOX genes in the 

ovarian surface epithelium of tumorigenic mice [168-172]. The HOXB family was further 

identified in a high susceptibility region for ovarian cancer (locus 17q21) [173]. Moreover, 

HOXA4 was found to regulate some of the biological features of ovarian cancer cells. Ota T. and 

colleagues demonstrated that HOXA4 regulates the migratory capacity of ovarian cancer cells, but 

it has no effect on invasiveness [174, 175]. Interestingly, a recent study has shown that HOXB4 

suppresses ovarian cancer cell invasion, but not migration, by modulating the cell adhesion 

molecule CD44 [176].  

 

1.2.4 HOX Genes in the Endometrium 

Some of the first HOX clusters studied in the endometrium were HOXA10 and HOXA11. 

Taylor et al in 1999 looked into the role of these clusters in the development of the uterus [177, 

178]. Although the HOX superfamily does regulate developmental and functional differentiations 

of the tissues, there are many hormonal factors that play important roles in regulating the 

expression of the superfamily. For instance, HOXA10, expressed in the glands and the stroma of 

the eutopic endometrium, is up regulated in a stage-dependent manner, reaching the highest 

expression magnitude in the late secretory phase. Moreover, treatment of endometrial cell cultures 

with 17β estradiol and medroxyprogesterone acetate increase the expression of HOXA10 [158].  

The HOXA10 cluster also plays a key role in embryo implantation [179]. In endometriosis, 

the expression of HOXA10 does not exhibit this mid-luteal rise seen in the normal endometrium, 

which might contribute to the infertility in women with endometriosis [179].  
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1.2.5 HOXB4 

HOXB4 is one of four HOX group 4 paralogs of the Antennapedia (ANTP) homeobox 

superfamily genes. It is located on chromosome 17 and encodes a nuclear protein that functions as 

a transcription factor implicated in cellular differentiation and development. In mice, HOXB4 is 

expressed during embryogenesis in two germ layers (neural tube epithelium and mesoderm). In 

the adult mice however, HOXB4 is expressed in the kidneys, lungs and testes [180]. In humans, 

HOXB4 has been studied extensively in the hematopoietic stem (HS) and progenitor cells in vivo 

and in vitro. In vitro, all these genes were found to stimulate proliferation and inhibit differentiation 

in hematopoietic precursors [181]. HOXB4 overexpression in HS cells enhance the differentiation 

and expansion of these embryonic stem cells, yet this effect is lost in the adult cells [182, 183]. In 

the female reproductive tract, a genome-wide association study demonstrated a likely 

predisposition mutation to serous ovarian cancer at locus (17q21) [173]. New evidence suggest 

that HOXB4 inhibits invasion of high-grade serous ovarian carcinoma cells [176]. In the 

endometrium, HOXB4 was found to be expressed in the human primary glandular epithelial cells 

and this expression is steroid dependent [184].   

 

1.3 Aim 

The aim of our study was to examine the expression and localization of HOXB4 in normal 

human endometrial tissues as well as eutopic endometrium and ectopic implants from women with 

endometriosis throughout the menstrual cycle. We hypothesized that the expression of HOXB4 is 

reduced in eutopic and ectopic endometrial tissues of patients with endometriosis. 
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Figure 1.1: Main molecular mechanisms accountable for the major symptoms of 

endometriosis.  Adapted from [15, 112] 

 

  



 

33 

 

 

 

 

 

 

 

 

 

  

 

Figure 1.2: Illustration of the anatomical boundaries and the contents of all pelvic zones 

[185].  
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Figure 1.3 Schematic illustration of HOX clusters in humans: 

Thirteen paralogous groups of the HOX genes in a linear order (the numbered columns). HOX 4 

group is found on all the four clusters (A, B, C and D). In humans, HOXB4, as all the 3’ HOX genes, 

is expressed in the anterior tissues earlier in life and have less phenotypical dominance (red to yellow) 

in comparison to the posterior tissues (all 5’ genes in green to brown). Adapted from [139, 153] 
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Chapter 2: Materials And Methods 

2.1 TISSUES PROCUREMENT   

Control eutopic endometrial biopsies or curettage, from forty four fertile women without 

endometriosis, were obtained from Case Western Reserve, Cleveland, Ohio, USA – approved by 

the institutional review board (IRB# 12-10-28) – and Sohaj University, Sohaj, Egypt, with samples 

transferred to Dr. Bedaiwy’s lab according to the Material Transfer Agreement (MTA# M15-

00189 ).  These control women underwent laparoscopy for benign gynecological conditions other 

than endometriosis (e.g. tubal ligation and re-anastomosis) (Figure 2.1). 

In the disease group, eutopic and ectopic endometrial tissues were obtained from forty 

seven women who underwent laparoscopy to diagnose or manage endometriosis and were obtained 

from the Endometriosis Determinants Of Oncogenesis (ENDO-ONC) Tissue Bank, Vancouver 

General Hospital (VGH) pathology and British Columbia Cancer Agency (BCCA). This tissue 

bank was approved by the Clinical Research Ethics Board at the University of British Columbia 

(REB number: H05-60119) and patients were recruited prospectively at BC Women’s Centre for 

Pelvic Pain & Endometriosis, Vancouver, BC, Canada (REB number: H14-03040).  

None of the patients received any hormonal therapy for at least 3 months before the laparoscopy. 

Although the histopathological diagnosis of cases and controls was given in accordance to the 

standardized procedures in the hospital of origin, all the haematoxylin and eosin stained sections 

for eutopic and ectopic tissues were histologically reviewed by a pathologist in order to identify 

samples with uterine glands. Additionally, the cycle phase in the eutopic endometrium in both 

cases and controls was confirmed by histologic dating according to the Noyes criteria described 

below [186].  
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2.2 ENDOMETRIAL DATING  

The assessment and categorization of endometrial dating described by Noyes remains one 

of the most challenging areas in gynecologic pathology [186]. Briefly, based on haematoxylin and 

eosin morphology, the endometrium cycles are divided into several phases: 1) menstrual phase, 2) 

early proliferative phase, 3) mid- to late proliferative phase, 4) 16-day endometrium, 5) vacuole 

phase of early secretory endometrium, 6) the secretory exhausted phase, and 7) the predecidua 

phase. These criteria are used to assess whether the ovulation has occurred, evaluate possible luteal 

phase defects, investigate irregular maturation in endometrial glands and stroma, determine the 

hormonal status, examine the causes of endometrial bleeding and infertility, and estimate the luteal 

maturation for potential recipients of egg donation or frozen embryos [186, 187]. However, its 

reliability has been challenged given the wide range of alterations and changes seen in the 

endometrium during the reproductive and menopausal years [187].   

Due to the limitation of accessing patients’ menstrual history, endometrial dating was 

determined by histological examination only using the criteria of Noyes; however, endometrial 

dating was only divided into proliferative or secretory phases due to the limited number of eutopic 

endometrium slides included in the control and the cases of this study. In the proliferative group, 

the glands and stroma had increased mitotic activity. Furthermore, the glands were tubular, 

elongated and more tortuous with an even and wide distribution. Stromal cells appeared separated 

from each other due to a small cytoplasmic volume in the cells. The secretory phase was also 

characterised by sub-nuclear vacuoles glands with predecidual changes in the stroma (eosinophilic 

cytoplasm).  

A group of eutopic endometrial slides (n=9) were found to be lacking mitotic changes. 

These slides were marked as inactive and were not included in the general analysis.  
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2.3 IMMUNOHISTOCHEMISTRY   

Formalin Fixed Paraffin Embedded (FFPE) and preserved in Molecular Fixative (MF) eutopic and 

ectopic endometrium, containing endometrial glands, were sectioned at 4 μm slices. The 

monoclonal rabbit HOXB4 antibody (#2096-1, Epitomics) used in IHC was validated [176]. 

Briefly, variable concentration of HOXB4 monoclonal antibody was used in OVCAR-8, A2780, 

OVCAR-5 and CaOV-3 cells in order to analyzed the expression of HOXB4 via 

immunocytochemistry. OVCAR-8 and A2780 cells highly expressed HOXB4. Moderate 

expression was observed in CaOV-3 cells and no HOXB4 expression was observed in OVCAR-5 

cells. Moreover, treating OVCAR-8 cells with HOXB4 siRNA diminished the expression of 

HOXB4 in all the cells. The subsequent slides were stained using previously published protocols 

[176, 188]. Briefly, after de-paraffinization and rehydration, antigen retrieval was done with a 

preheated antigen retrieval reagent in a steamer (Preheat Dako retrieval solution modified citrate 

buffer pH 9, (Cat # S2367). Endogenous peroxidase activity was quenched (Dual Endogenous 

Enzyme block for autostainer, Cat# S2003) and the sections were incubated with HOXB4 antibody 

(1:800) at 4°C overnight. To detect primary antibody, EnVision+ Dual Link System-HRP (Dako, 

Cat# K4061) was used. The sections were then exposed to a chromogen reaction for 10 minutes 

(Liquid DAB Chromogen System (Dako, Cat# K3468) and counterstained with Harris 

haematoxylin for 30 seconds (Sigma). Finally, the slides were rehydrated through 3-minute ethanol 

and xylene washes and mounted. The signals were observed under a light microscope (Leica). All 

slides were analyzed using an Olympus BX 41 Microscope (Olympus Corporation).  

Some of the tissues were preserved in a molecular fixative (mixture of methanol and polyethylene 

glycol). While this is a novel technique in tissue preservation that has been proven to be preferable 

in downstream molecular diagnostic assays [189], the staining level was found to be significantly 
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reduced or absent in all the MF blocks. Due to the time and resources limitations we had to exclude 

these cases or slides from this study until the immunoblotting protocol is modified and validated 

to assure the accuracy of the results. 

 

2.4 HISTOSCORE (H-SCORE)  

We compared the variable intensities of HOXB4 expression in the glands of both eutopic 

and ectopic endometrium using the Histoscore method (H-Score). Three different reviewers who 

were blinded to the phase and the diagnosis scored the slides on a multi-headed microscope (U-

MDO10B3, Olympus BX51, Olympus America, Melville, NY, USA). The process was as follows: 

(i) the slide was scanned at low power first (either x2.5 or 10) to select the area most representative 

of the total staining intensity (ii) the highest intensity stained glands were analyzed with a 

magnification of x40 (HPF) to evaluate the staining intensity of the epithelial nuclear expression 

in that fixed area (iii) the proportion of the staining was then assessed. The immuno-reactivity of 

HOXB4 was independently determined by all the observers via interpretation of the stain intensity 

(in our case epithelial nuclear expression) using an intensity strength (I) score of 0, 1, 2, 3 (no 

stain, weak, moderate, or strong respectively). A proportion score (P=0-100%) was also 

determined for each slide followed by an H-score calculated with the following formula: H-score 

= ΣP (I +1) [190, 191].  

The mean score from all three observers was calculated. In cases where there was more 

than one slide to represent a specimen in the same patient, all the slides were scored and the highest 

one among them was entered in the final analysis. 
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2.5 CELL CULTURE AND STEROID TREATMENT 

cDNA from HEC1A, HEC1B, HEC50, KLE, RL952 and AN3CA endometrial cancer cells 

were kindly provided by Dr. Peter Leung’s Lab at the Child and Family Research Institute 

Vancouver, BC, Canada. Only HEC1A and HEC1B cells (also provided generously by Dr. 

Leung’s Lab) were cultured for experiments examining the regulation of HOXB4 expression.  

HEC1A and HEC1B cells were maintained in DMEM/F12 (Sigma-Aldrich, Oakville, 

Ontario, Canada) media supplemented with 10% fetal bovine serum (FBS) (HyClone) and 1% 

penicillin/streptomycin (Invitrogen). Cells were routinely split at 80% confluence using trypsin-

EDTA and routinely sub-cultured at 1:10, and the medium was routinely changed every 48 h.  

Prior to estrogen treatment, the cell lines were grown to 80% confluency, washed twice 

with PBS, trypsinised and re-suspended in fresh DMEM containing 10% charcoal-dextran stripped 

FBS (Hyclone) for 24h. The cell suspension was further diluted such that a 200 mL aliquoted dish 

produced approximately 50-60% confluency after 24 h of incubation at 37 C. At this stage, the 

DMEM was replaced with DMEM containing 0.5% stripped FBS. After 48 h, incubations with the 

sex steroids 17β-estradiol (E2) (Sigma-Aldrich, Helsinki, Finland) was started for 48h to a final 

concentration of 10-8M E2 [192, 193]. Hormone treatment was for 1h, 3h, 6h, 12h, 24h, and 48h 

for mRNA experiments. All cells were cultured and sub-cultured at 37 ℃ in a humidified incubator 

with 5% CO2.  After treatment, they were kept in TRIzol® Reagent (Ambion, Cat# 15596-026) 

for less than 72 h in preparation for RNA extraction.  

 

2.6 RNA EXTRACTION 

Total RNA was extracted from both archived FFPE blocks and cultured cell lines.  
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2.6.1 RNA Extraction from FFPE Blocks 

We examined HOXB4 mRNA levels in normal human endometrium (EC), eutopic 

endometrium (EE), and ectopic endometrial implants (Eoma and DIE) in patents with 

endometriosis. EC (n=24), EE (n=25), Eoma (n=21), and DIE (n=20) blocks were not older than 

3 years (Figure 2.2). The extraction process was initiated using the RecoverAll™ Total Nucleic 

Acid Isolation Kit for FFPE (Ambion, AM1975); however, due to company supply issues and low 

recoverable RNA concentration (≥10.6 ng/μL, ranging from 10.6 to up to 296.3 ng/μL), with a 

success rate (>77 ng/uL) of 51.7% (15/29 samples), we used another kit — AllPrep DNA/RNA 

FFPE Kit (Qiagen Inc., Mississauga, ON, Cat#80234). This kit had a recovered measurable RNA 

(≥10.3 ng/μL, with concentrations ranging from 10.6 to over 400 ng/μL) success rate ( >77 ng/μL) 

of 72.6% (48/66 samples). The concentration of RNA in samples was assessed by NanoDrop-1000 

spectrophotometer. 

The extraction procedure was slightly modified in both of the kits, the procedures are 

compared in Table 2.1.  
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Table 2.1: RNA extraction procedure in the RecoverAll™ and AllPrep Kits 

 RecoverAll™ Kit AllPrep DNA/RNA FFPE Kit 

Scroll thickness, number / tube 20 µm, 4 scrolls 20 µm, 2 scrolls 

Depraffinization (time, x 

repetition) + Condition  

Xylene 1mL (30 min x2) 

Heat (3 minute at 50oC) 

Xylene 1mL (30 min x2)  

At room temperature 

Ethanol wash (time, x repetition) Ethanol 1mL (2 min x2) Ethanol 1mL (10 min x1) 

Residual Ethanol removal  Air dry 40 minutes at bench  Incubate in 37oC oven for 10min 

Protease digestion (buffer + 

Protease) + incubation condition 

200 µL digestion buffer + 6 

µL Protease /sample to 

isolate RNA incubation was 

for 15 min at 50oC then 15 

min at 80oC 

170 µL digestion buffer + 17 µL 

Proteinase K (PKD)/ sample 

incubation for 15 min at 56oC 

then 3 min on ice.  

RNA isolation As protocol As protocol 

DNase digestion and RNA 

purification 

As protocol 70 µL of RDD buffer + 20 µL 

DNase/sample for 20 minutes 

NOTES  Low success rate 

(51.7%), longer isolation 

time, cheaper price.  

 The same sample cannot 

be used for both RNA 

and DNA extraction 

 High success rate (72.7%), 

shorter isolation time, 

expensive price.  

 The same sample can be 

used for both RNA and DNA 

extraction at the same time 

 

2.6.2 RNA Extraction from Cells 

RNA was extracted from cultured cells with the TRIzol Reagent (Ambion, Cat#15596-

026). Briefly, after treating the cells, the samples were homogenized with 1mL of TRIzol and kept 
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in -80oC. On the day of extraction, the samples were incubated at room temperature until they 

thawed. The separation phase was then initiated by incubating them at room temperature with 200 

µL of Chloroform for 15 minutes followed by a centrifugation at 4oC. RNA was then precipitated 

by adding 500 µL of isopropanol and washed with 75% ethanol. Finally, RNA was re-suspended 

in 20 µL buffer ATE elution solution (Qiagen, Germany). The concentration and purity of total 

RNA was measured by a NanoDrop-1000 spectrophotometer (NanoDrop Technologies, Inc., 

Wilmington, DE). All samples with a RNA concentration more than 85ng/mL and a 260/280 ratio 

of more than 1.85 were processed to the reverse transcription step. 

 

2.7 REVERSE TRANSCRIPTION 

Complementary DNA (cDNA) synthesis was performed with the High Capacity cDNA RT 

kit (Applied Bio systems, Cat# 4368814, Luithaunia). All samples with RNA concentration of ≥80 

ng/μL were included in the RT step. Briefly, using aliquots of 1 ug RNA in 10mL, RNA was 

converted to cDNA. The samples of RNA were diluted to 20ng/Ll. The next step was to prepare 

the master mix by adding to each sample 2μL of 10xRT buffer, 2μL of 10x random primer, 0.8 μL 

of 25xdNTP, 4.2 μL DNAse/RNAse free water and 1μL of Reverse Transcriptase. The mixture of 

the diluted RNA and master mix was then processed in Eppendorf Mastercycler Gradient 

(Eppendorf, Hamburg, Germany) according to the following cycles: 10 minutes at 25 oC, 120 

minutes at 37 oC, 5 minutes at 85 oC and finally 60 minutes at 4 oC. The mixture was then stored at 

-20 oC until RT-PCR.    
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2.8 REVERSE TRANSCRIPTION QUANTITATIVE REAL TIME POLYMERASE 

CHAIN REACTION (RT-QPCR) 

For the FFPE samples, quantitative real-time PCR (qPCR) was conducted using TaqMan Gene 

expression Assay kits consisting of HOXB4 (Hs00256884_m1HOXB4) primer and GAPDH 

(Hs02758991_g1GAPDH) primer. In addition, Cytokeratin 7 (CK7; Hs00559840_m1KRT7) which is 

an epithelial cells marker was used to further validate our downstream target expression. Both GAPDH 

and CK7 were amplified as the reference gene in each reaction. Together, the diluted cDNA of each 

sample, the TaqMan assay, and the TaqMan Gene Expression Mastermix were loaded in duplicates in 

a 96-well plate. Each 20 μl TaqMan reaction contained 5 ng cDNA, 1×TaqMan gene expression 

master mix (Applied Biosystems) and 1×TaqMan gene expression assay. The reaction was 

conducted at 50°C for 2 minutes, 95°C for 10 minutes, and 40 cycles of 95°C for 15 seconds and 

60°C for 1 minute. The signal was detected using the ABI Prism 7300 Sequence Detector System 

(Applied Biosystems, Foster City, CA). The amplification signals were detected by the FAM dye 

detecting system. A mean value was used for the determination of mRNA levels by the comparative 

CT (2−ΔΔCT) method with GAPDH or CK7 as the reference gene. 

For the cell cultures, PCR was repeated in three different cultures and only HOXB4 and GAPDH 

assays were used in duplicates.  

 

2.9 WESTERN BLOT 

Cells were washed once with iced-cold PBS and cell lysis was accomplished using the proteinase 

inhibitor cocktail (Sigma) added to ice-cold lysis buffer (Cell Signaling Technology). The culture 

dish was placed on ice for 5 min. Tissue lysates were then centrifuged at ≥ 13000Xg for 30 min at 

4℃. A DC protein assay (Bio-Rad Laboratories, Richmond, CA) was used to measure protein 
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concentration in both cell lysates and tissue lysates. The protein lysates were diluted to equal 

concentrations and boiled for 5 mins with loading buffer (2.5% w/v sodium dodecyl sulphate 

(SDS), 10% v/v glycerol, 50 mM HCl, pH 6.8, 0.5 M β-mercaptoethanol and 0.01% w/v 

bromophenol blue). 20 μg of protein was separated by 8% or 10% SDS-polyacrylamide gel 

electrophoresis at 120V for 2 hours. Proteins were transferred to polyvinylidene difluoride (PVDF) 

membranes at 100V for 2 hours. The membranes were blocked with 5% skim milk in 0.05% 

Tween-20 Tris-buffered saline (TBS: 10 mM Tris-HCl, pH7.4, 150 mM NaCl) for 1 hour at room 

temperature. The primary antibody of HOXB4 in a 1:1000 dilution was incubated overnight at 4 

℃. To visualize bound antibodies, peroxidase-conjugated secondary antibodies (1:20000; Bio-Rad 

Lab), SuperSignal West Pico and Femto chemiluminescent substrates (Pierce, Nepean, ON), and 

X-ray film (Kodak) were used. 

 

2.10 STATISTICAL ANALYSIS 

2.10.1 Histoscore Analysis 

All the age values were expressed as mean ± SD. Mann-Whitney rank sum test was used to 

compare scores from examination of ectopic and eutopic endometrium. Kruskal-Wallis non-

parametric test was used to compare multiple categories. Mann-Whitney test was used for unpaired 

comparisons. Wilcoxon test was used for pair-wise comparisons. A P value of < 0.05 was 

considered statistically significant. All the tests were done using GraphPad Prism 6 (GraphPad InStat 

program; GraphPad Software, Inc., San Diego, CA, USA) with the consultation of Dr. Sarka 

Lisonkova.  
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2.10.2 RT-PCR Data Analysis 

Quantitative qPCR results were analysed using GraphPad Prism 6 (GraphPad InStat program; 

GraphPad Software, Inc., San Diego, CA, USA). Outliers were excluded automatically using the 

ROUT method in Prism software which detects outliers while fitting a curve with nonlinear regression. 

This method is better than the commonly used Grubbs' method as it can identify one or more outliers 

by detecting outliers from a stack of values in a column data table. 

Expression values for HOXB4 were normalized to the endogenous control of GAPDH, 

Cytokeratin 7 (CK7), and ratios relative to an endometrial control (sample 9) were generated. Relative 

gene expression ratios were calculated according to Δ Δ CT protocol [194] using the average efficiency 

of HOXB4 and CK7 and the CT of each duplicate. To analyze the differences between groups, 

Kruskal-Wallis non-parametric test was used to compare multiple categories. Mann-Whitney test 

was used for unpaired comparisons. A P value of < 0.05 was considered statistically significant. 

All values are expressed as mean ± SD. All the tests were done using GraphPad Prism 6 (GraphPad 

InStat program; GraphPad Software, Inc., San Diego, CA, USA) with the consultation of Dr. Sarka 

Lisonkova.  
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Figure 2.1: Schematic presentation of the study population. Pt: the total number of 

patients. 
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Figure 2.2: Schematic presentation of the blocks utilized in the study: N: the total 

number of blocks. 
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Chapter 3: Expression of HOXB4 in Endometrial Tissue 

3.1 Rationale and Overall Hypothesis 

HOX genes are homeodomain-containing regulatory proteins that function as 

transcriptional factors directing the regional identity of the embryo along the anteroposterior body 

axis via activating or repressing their target genes [195]. They control embryonic development and 

continue to regulate cellular growth and differentiation later in adulthood. Aberrant expression and 

function of HOX genes has been demonstrated in several gynaecologic pathologies and is 

implicated in malignancies such as breast, ovarian and endometrial cancers [139].  

The expression and function of genes in the different HOX clusters has been thoroughly 

studied in the mouse and human female reproductive tract, during embryogenesis, and during 

adulthood [154, 196-203]. Taylor et al reported that in the human female genital tract, the posterior 

HOXA genes have a differential pattern of expression that controls the developmental orientation 

of the genital organs [154]. For instance, in the Mullerian tract, HOXA9 was found to be highly 

expressed in the oviducts, whereas HOXA10 was expressed during uterus organogenesis. Also, 

HOXA11 and HOXA12 are expressed in the cervix and vagina, respectively. The importance of 

these transcriptional factors is not limited to embryonic development as they continue to be 

expressed and function in the reproductive tract even after the commencement of the menstrual 

cycle and during pregnancy [200]. Moreover, the expression of HOX genes was found to be varied 

during the menstrual cycle; HOXA10 and HOXA11 were found to peak in the secretory phase. In 

the case of exogenous treatment with medroxyprogesterone acetate (MPA) or gonadotropin-

releasing hormone analog (GnRH), HOXA10 expression was significantly lower when compared 

to the tissue obtained in the late secretory phase [158]. This was confirmed in vivo when 

endometrial cells were treated with estradiol and/or progesterone as the expression of both 
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HOXA10 and HOXA11 mRNA levels were upregulated in a menstrual cycle phase-dependent 

manner [158, 177]. In endometriosis, HOXA10 was expressed in both eutopic and ectopic 

endometrial tissue with lower stromal HOXA10 expression in the ectopic implants (P= 0.001) 

[191]. Browne and Taylor speculated that progesterone resistance may play a role in HOXA10 

aberrant expression in the ectopic implants [191]. 

When compared to the above mentioned genes, group 4 HOX paralogs (i.e. HOXA4, 

HOXB4, HOXC4 and HOXD4) are positioned anteriorly. Redundant interaction between group 4 

HOX paralogs or even other genes in other HOX groups has been described [181, 204, 205]. In 

the reproductive tract, analysis of total RNA from reproductive endometrial tissues showed 

expression of HOXB4 is only present in the endometrial glands [184]. Furthermore, this expression 

was shown to be regulated by estrogen and progesterone using northern blots [184]. Moreover, 

analysis of publicly available microarray data from the Gene Expression Omnibus (GEO) database 

shows a reduction in HOXB4 expression in endometrioma when compared to the normal eutopic 

endometrium [206, 207]. Similarly, another microarray study (n=37) showed HOXB4 expression 

may be reduced in endometriotic vs. eutopic endometrial tissues in different menstrual phases 

(Appendices B and C) [207, 208]. To the best of our knowledge, HOXB4 immunoreactivity in the 

eutopic endometrium of patients without endometriosis (EC), eutopic endometrium (EE), 

endometrioma (Eoma) or deep infiltrating endometriosis (DIE) of patients with endometriosis has 

not been reported in the literature. Therefore, I hypothesized that the expression of HOXB4 is 

reduced in eutopic and ectopic endometrial tissues of patients with endometriosis. 
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3.2 SAMPLE CHARACTERISTICS  

First  immunohistochemical analysis using a validated monoclonal rabbit HOXB4 antibody 

was performed  to examine the expression and localization of HOXB4 in formalin fixed paraffin 

embedded (FFPE) endometrial tissues from forty four women without endometriosis (EC: n=44 

patient ). Our positive control was normal fallopian tube fimbria and the negative control was the 

ovary [176].  Samples from six patients were excluded by the exclusion criteria mentioned below 

(Figure 2.1). Of the 38 scored control slides, twenty (52.3%) were in the proliferative phase and 

eighteen (47.4%) in the secretory phase.  

Then eutopic endometrium (EE) and ectopic endometrial tissues (i.e. endometrioma 

(Eoma) and deep infiltrating endometriosis (DIE)) of patients with endometriosis (Pt n=46) were 

stained using the above mentioned antibody. Once the analysis was restricted to cases of EE with 

glandular epithelia in cyclic women, the final number of EE, Eoma, and DIE slides was 29. Of 

these, the number of the slides in the proliferative or secretory phase is shown in (Figure 2.1).  

All of the women included in this study had a diagnostic laparoscopy due to pelvic pain 

and/or infertility. The excluded slides were omitted from the final analysis for the following 

reason: poor preservation, cauterized glands, absence of endometrial glands, section was 

representative of another abnormality (e.g. adenomyosis, endocervix, or mature cystic teratoma), 

preserved in molecular fixative or histopathological changes suggesting exogenous progesterone 

treatment. Moreover, whenever the eutopic endometrium was inactive (EE=9), both the ectopic 

implants (Eoma=10 and DIE=9) and eutopic endometrium were excluded from the general 

location and phase analyses.  

The Eoma lesions were either unilateral or bilateral and the DIE lesions were located in 

one or more of the pelvic locations (Zone 2: rectovaginal and vaginal area, caul-de-sac, uterosacral 
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ligament, para-sacral ligament, bladder, appendix, and bowel serosa and Zone 3: side walls, 

fallopian tubes, and peri-uretric area).  

The mean (±SD) age of the endometriosis group (n=42) was 38.90 (± 1.611) years 

compared with 40.90 (± 0.9363) years in the controls (n=38; P=0.26). 

 

3.3 RESULTS 

3.3.1 Localization of HOXB4 Expression in Patients without Endometriosis (EC) and 

Patients with Endometriosis (EE, Eoma, and DIE)  

In the human female reproductive tract, HOXB4 protein was expressed in the normal 

fallopian tube fimbria and in the normal endometrium (Figure 3.1). This expression was 

exclusively in the nucleus of the glandular epithelial cells with no expression observed in the 

cytoplasm or in the stromal cells.  

Eutopic endometrium from 38 women without endometriosis (EC) showed variable 

HOXB4 immunoreactivity. HOXB4 expression was observed in the nuclei of glandular epithelial 

cells (Figure 3.2 and 3.3).  In women with endometriosis, 29 eutopic (EE) and ectopic 

endometrium (Eoma = 15 and DIE=22) express variable levels of HOXB4 protein. Again, this 

expression was found only in the nuclei of glandular epithelial cells and was absent in the 

cytoplasm and in the stroma (Figure 3.4 and 3.5). Although some exceptions were observed: faint 

cytoplasmic HOXB4 immunoreactivity was found in a few slides of EC, EE, Eoma and DIE. This 

could, however, be considered as an artifact background most likely caused by improper tissue 

cuts or fixation.  

No statistical significant differences were found in HOXB4 immuno-intensity between 

eutopic endometrium from the control and disease groups by Histoscore analysis (P=0.0567; 
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Figure 3.6). However, a significant decrease of HOXB4 expression was observed in the DIE group 

compared to the EC group (P < 0.0001). Among the endometriosis groups, HOXB4 expression 

was significantly lower in the DIE group compared to the EE group (P < 0.0001) and the Eoma 

group (P=0.0002).   

In the disease group, we had samples from the EE group with multiple matched ectopic 

sites of the disease phenotype (i.e. unilateral or bilateral Eoma or matched multiple DIE lesions) 

for the same patient. Inter-person variation was a potential factor in differences between ectopic 

and eutopic HOXB4 expression; therefore, we took advantage of having multiple sample from the 

same phenotype and we were able to calculate the difference of H-score (Δ H-score) between the 

eutopic tissue and ectopic DIE on a patient to patient basis. For DIE, 9 of the 13 matched samples 

had a negative Δ H-score (i.e. reduced expression of DIE vs EE; Figure 3.8, A)   

In contrast, when we did the same sub analysis in the endometrioma group, there is no consistent 

pattern for a change in H-score in that group (Figure 3.9, A).  The average of the multiple ectopic 

lesions of the same phenotype (i.e. Eoma or DIE) was used for the paired sub-analysis (Figures 

3.8 and 3.9). In patients with unilateral or bilateral Eoma, there was no statistical significance 

between EE and Eoma samples (P= 0.557). On the other hand, in cases with paired EE and DIE, 

HOXB4 was significantly lower in the DIE samples (P= 0.038). The paired cases being analyzed 

separately and yielding results consistent with the general analysis of all the available samples of 

the Eoma and DIE lesions further supported the overall observations about the differential 

expression of HOXB4 in patients with or without endometriosis.  
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3.3.2 HOXB4 Protein Expression during the Menstrual Cycle 

Differential hormonal environments in proliferative and secretory phases may alter the 

expression of HOXB4 during the menstrual cycle. Thus, the endometrium was dated in both cases 

and control groups according to the Noyes criteria described earlier to be either proliferative or 

secretory (Figure 3.9). In general, there was a significant elevation of HOXB4 expression in 

proliferative phases compared to secretory phases in the eutopic endometrium from patients 

without endometriosis (P= 0.002). This difference between the phases was lost among the disease 

groups (i.e. EE: P = 0.0504, Eoma: P = 0.9707 and DIE: P = 0.1164). When analysed per phase, 

a significant reduction in HOXB4 expression was observed, in the proliferative phase, in EE, Eoma 

and DIE groups when compared to EC (P= 0.004, P= 0.0009 and P < 0.0001, respectively; Figure 

3.9). This immunoreactivity variation was only detected between EC and DIE groups in the 

secretory phase (P = 0.033; Figure 3.9).  

As reported earlier, we had to exclude the cases where the eutopic endometrium of patients 

with endometriosis was histopathologically described as inactive (i.e. absence of any proliferative 

or secretory histopathological features). Inactive endometriosis in patients with endometriosis was 

found in 9 eutopic endometrium, 10 Eoma, and 9 DIE (Figure 3.10). When we included these cases 

in our analysis, surprisingly, HOXB4 expression was significantly lower in the eutopic 

endometrium of inactive groups when compared to the controls (P= 0.002).  

 

3.4 DISCUSSION 

Endometriosis is defined as the presence of ectopic glands and/or endometrial stroma in 

conjunction with a higher hormonal response in the stroma than the glands [209]. Endometriotic 

tissues (as opposed to normal eutopic endometrium) are estrogen dependent and progesterone-
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resistant. Microscopically, fewer glandular cells (one or more) are found in endometriotic lesions 

and usually are replaced with hemosiderin residuals [210]. This made careful examination of 

microscope slides containing endometriotic lesions necessary in order to identify the slides with 

glands only.  

All the tissues included in this analysis were formalin fixed paraffin embedded (FFPE) 

tissues. This fixation method is feasible due to its constant use as a diagnostic tool in 

histopathological evaluation of different pathological morphologies, lower price, and practicality. 

Moreover, in clinical research, many immunohistochemical (IHC) assays have been repeatedly 

validated using this method of tissue fixation [211]. The Endo-Onc tissue bank was established as 

a pilot study in 2012 to prospectively archive tissues of women suffering of endometriosis. This 

full scale project was approved by Clinical Research Ethics Board at the University of British 

Columbia in June 2015. One of the major advantages of this tissue bank is that all the tissues 

included in this bank are fixed using formalin and/or a molecular fixative (MF). MF is composed 

of methanol and polyethylene glycol and has been proven to be a better preservative method for 

downstream molecular diagnostic assays, such as PCR [189]. In IHC, however, the sensitivity of 

MF tissues to immunostaining is controversial when compared to formalin fixation, especially 

when it comes to nuclear antigens [189, 212-214]. In my study, I stained 27 MF lesions (EE=5, 

Eoma=10, and DIE=2) using the protocol presented in section 2.2. The HOXB4 immunoreactivity 

for these lesions were lower than what was observed in the FFPE ones. Given the fact that this 

could be a false reduction (as we don’t have a matched FFPE slides for the MF ones) in addition 

to the delay in receiving the full scale Endo-Onc study approval, limiting the time to optimize and 

validate the current IHC protocol for the MF tissues, we had to exclude all the MF from the 

analysis.   
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HOXB4 encodes for a nuclear protein with a homeobox DNA-binding domain. In the 

human female reproductive tract, HOXB4 RNA levels were detected in the fallopian tube and 

endometrial epithelial glands [176, 184]. In the current study, HOXB4 protein immunoreactivity 

was found to be variable in the eutopic endometrium from disease free women during the 

menstrual cycle. Our results are in consistence with the Gao et al group study, which was, to the 

best of our knowledge, the only paper that examined HOXB4 total RNA levels in the 

endometrium[184]. When they purified normal human endometrial stromal and epithelial cells, 

HOXB4 mRNA was expressed specifically in endometrial glands. Moreover, HOXB4 total RNA 

levels in the endometrial glands were observed to be upregulated after the treatment of 17β-

estradiol (E2) or methylprogesterone acetate (MPA) using a northern blot; however, neither the 

number of patients nor the menstrual cycle phase were indicated. In our general analysis of all 

available samples of lesions from patients with and without endometriosis, HOXB4 was highly 

expressed in the eutopic endometrium of patients without endometriosis. This expression was 

significantly higher in the proliferative phase when compared to all the other study groups. On the 

hormonal level, all endometriotic tissues (Eoma or DIE) express lower aromatase and decreased 

17β-Hydroxysteroid dehydrogenases type 2, leading to higher E2 bioavailability in these 

endometriotic lesions due to the deficient metabolism of E2 in endometriosis [215, 216]. As 

mentioned earlier, PR expression in the ectopic implants is reduced due to the decreased ERα:ERβ 

ratio, leading to an inhibitory E2 effect on PRs [217]. HOX genes were found to function 

differently in different tissues based on their interaction with different cofactors and collaborators 

in regulating their downstream targets [218]. Although HOXB4 in adult tissue was found to 

promote proliferation in hematopoietic stem cells [219, 220], HOXB4 was not an effective 

promoter of proliferation in four ovarian cancer cell lines [176].  
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The expression of HOXB4 was significantly lower in the deep infiltrating lesions when 

compared to the eutopic endometrium of both control and diseased groups. The lower expression 

of HOXB4 in the DIE group could be due to the nature of the disease as deep infiltrating 

endometriosis have higher mixed and undifferentiated glandular patterns when compared to the 

other groups [221, 222]. To further confirm the specificity of HOXB4 expression reduction in the 

DIE group, a matched sub analysis of HOXB4 immunoreactivity in all the samples that have paired 

DIE or Eoma and EE was performed (Figures 3.7 and 3.8). The aim of this analysis was to confirm 

the immunoreactivity in the same patient with more than one ectopic lesion when paired with the 

eutopic endometrium. This gave us the advantage to further explore the direct relationship between 

the lesion HOXB4 expression and the eutopic endometrium expression in every patient. As 

expected, HOXB4 expression was significantly lower in the DIE lesions (P = 0.038) when 

compared to the Eoma lesions (P= 0.557). 

As mentioned earlier, some of the EE samples were histologically described as inactive EE 

(n=9). Histologically, these samples did not show proliferation or secretions, no stratifications, and 

usually were composed of a single layer of flattened epithelium. Moreover, mitotic figures were 

not present, the nucleus to cytoplasmic ratio was high, and there was no specific cytoplasmic 

differentiation, although cilia may be present with inactive glands and spindled stroma [223, 224]. 

These histological observations may reflect a peripubertal or perimenopausal hypoestrogenic 

weakly proliferative endometrium. Moreover, women receiving hormonal replacement therapies 

or oral contraception may also have an inactive endometrium which could be a reflection of the 

small doses of exogenous estrogen or the mixed hormonal status [224]. This is why excluding 

these samples and their paired ectopic lesions from the general analysis was a must. Surprisingly, 

the inactive EE had lower expression when compared to EC (P=0.002); however, no significant 
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reduction was observed when compared to the active EE samples (P= 0.1301). We were unable to 

know the exact reason of the inactivity of these samples and therefore speculated that a mixed 

hormonal status may be behind this kind of reduction. On the other hand, the ectopic lesions do 

not show any differences when compared to any of the other groups (i.e. EC, EE, Eoma, or DIE).  

On the whole, HOXB4 expression does not appear to differ between normal endometrium and 

eutopic endometrium in women with endometriosis. However, its expression is reduced in DIE, 

but not endometrioma, and may be dysregulated in ectopic implants. During the menstrual cycle, 

the expression of HOXB4 in endometrial glandular epithelial cells, from normal eutopic 

endometrium, is higher in the proliferative phase than in the secretory phase. This difference is 

lost in the lesions from the endometriosis group. 
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Figure 3.1:  Immunohistochemical localization of HOXB4 in the female genital tract:  

A. Section through normal human ovary stained with HOXB4 antibody at 1:800 dilutions: no 

staining in the stromal tissue (S) and ovarian surface epithelium (arrow). B. Section through 

normal human fallopian tube fimbria stained with HOXB4 antibody at 1:800 dilutions: high 

staining in fimbrial epithelium, especially secretory cells (arrow). C. Section through the human 

endometrium in the proliferative phase stained with HOXB4 antibody at 1:800 dilutions: HOXB4 

is expressed in the epithelial glands only (arrow). No staining is detected in the cytoplasm of the 

glands nor the stroma (S). D. Section through normal human ovary stained with non-immune rabbit 

immunoglobulin. E. Section through normal human fallopian tube fimbria with non-immune 

rabbit immunoglobulin. F. Section through normal human endometrium in the proliferative phase 

stained with non-immune rabbit immunoglobulin. NIS indicates staining with non-immune rabbit 

immunoglobulin (IgG) 1:800 dilution. (x40, scale bar: 25μm). 
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Figure 3.2:  Immunohistochemical localization of HOXB4 in Normal Eutopic Endometrium 

from women without endometriosis in the proliferative phase:  

A. Section through human endometrium in the proliferative phase stained with HOXB4 at x10. 

HOXB4 expression is high in the glandular epithelial. The stroma is not stained for HOXB4.  

B. The same section stained with HOXB4 at x40: Strong HOXB4 immunoreactivity in the nucleus 

of the epithelial glands only (arrow). No staining is detected in the cytoplasm of the glands nor in 

the stroma (S). C and D. The same section stained with non-immune rabbit immunoglobulin. 

HOXB4 dilution is 1:800. NIS indicates staining with non-immune rabbit immunoglobulin (IgG) 

1:800 dilution. (×10, scale bar: 100μm x40, scale bar: 25μm).  
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Figure 3.3:  Immunohistochemical localization of HOXB4 in Normal Eutopic Endometrium 

from women without endometriosis in the secretory phase:  

A. Section through human endometrium in the secretory phase stained with HOXB4 at x10. 

HOXB4 expression is in the glandular epithelial. The stroma is not stained for HOXB4.  

B. The same section stained with HOXB4 at x40: mild to moderate HOXB4 immunoreactivity in 

the nucleus of the epithelial glands only (arrow). No staining is detected in the cytoplasm of the 

glands nor in the stroma (S). C and D. The same section stained with non-immune rabbit 

immunoglobulin.HOXB4 dilution is 1:800. NIS indicates staining with non-immune rabbit 

immunoglobulin (IgG) 1:800 dilution. (x10, scale bar: 100μm x40, scale bar: 25μm).  
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Figure 3.4: Immunohistochemical localization of HOXB4 in ovarian endometrioma:  

A. Section through human left ovarian endometrioma stained with HOXB4 at x10. B. The same 

section stained with HOXB4 at x40. High staining in the glandular epithelium (arrows) with no 

staining endometrial stroma (S).  C and D. The same section stained with non-immune rabbit 

immunoglobulin. HOXB4 dilution is 1:800. NIS indicates staining with non-immune rabbit 

immunoglobulin (IgG) 1:800 dilution. (x10, scale bar: 100μm x40, scale bar: 25μm). 
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Figure 3.5: Immunohistochemical localization of HOXB4 in deep infiltrating endometriosis:  

A. Section through human deep infiltrating endometriosis in the left uterosacral ligament stained 

with HOXB4: high staining in the glandular epithelium (arrows) with no staining in endometrial 

stroma (S).  HOXB4 dilution is 1:800. NIS indicates staining with non-immune rabbit 

immunoglobulin (IgG) 1:800 dilution. (x10, scale bar: 100μm x40, scale bar: 25μm). 
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Figure 3.6: Analysis of HOXB4 immunoreactivity in all available samples of lesions from 

patients without endometriosis (EC) and patients with endometriosis (EE, Eoma, and DIE) 

using the Histoscore (H-score):   

Mean H scores (± standard deviation [SD]) for the staining intensity of glandular HOXB4 protein 

expression in both eutopic endometrium (EE) and ectopic implants (Eoma and DIE) in patents 

with endometriosis compared to normal endometrium (EC).  A statistically significant difference 

was noted in HOXB4 expression between EC and DIE (P < 0.0001). When compared to EC, no 

statistically significant difference was observed in EE and Eoma groups (P = 0.057 and 0.101, 

respectively). EC: normal endometrium in the women without endometriosis, EE: eutopic 

endometrium in women with endometriosis, Eoma: endometrioma lesions, DIE: deep infiltrating 

endometriosis lesions. 
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Figure 3.7: Matched sub-analysis of HOXB4 immunoreactivity in patients with 

endometriosis (EE and DIE) using the Histoscore (H-score):   

In the case of sampling patients with one or more deep infiltrating endometriosis (DIE) locations 

(Pt n=13, Lesions n=22), a paired sub-analysis of HOXB4 H-score change was done to evaluate 

the pattern of score variation in each of these patients to evaluate the expression of HOXB4 in 

these cases. For patients with more than one endometrioma, the average of the lesions was used 

for the paired sub-analysis. A. HOXB4 expression variation when different DIE locations were 

paired with the patient’s eutopic endometrium (EE). B. Paired analysis of the H-score when 

matching the eutopic endometrium in women with endometriosis (EE) with their own DIE lesions. 

In these paired lesions, HOXB4 expression was significantly reduced in the DIE lesions.   
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Figure 3.8: Matched sub-analysis of HOXB4 immunoreactivity in patients with 

endometriosis (EE and Eoma) using the Histoscore (H-score):   

In the case of sampling patients with one or two endometrioma (Eoma) locations (Pt n=12, Lesions 

n=15), a paired sub-analysis of HOXB4 H-score change was done to evaluate the pattern of score 

variation in every patient with one or two endometrioma in order to evaluate the expression of 

HOXB4 in these cases. For patients with more than one endometrioma, the average of the lesions 

was used for the paired sub-analysis. A. HOXB4 expression variation when different 

endometrioma (Eoma) sites were paired with the patient’s eutopic endometrium (EE). B. Paired 

analysis of the H-score when matching the eutopic endometrium in women with endometriosis 

(EE) with their own Eoma lesions. In these paired lesions, HOXB4 expression didn’t change 

between the eutopic and ectopic endometrium.   
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Figure 3.9: Analysis of HOXB4 immunoreactivity in all available samples of lesions from 

patients without endometriosis (EC) and patients with endometriosis (EE, Eoma, and DIE) 

during the menstrual phases using the Histoscore (H-score):   

Mean H scores (± SD) for the staining intensity of glandular HOXB4 protein expression in 

different tissue types during the menstrual cycle. A statistically significant difference was noted in 

HOXB4 expression between EC in the proliferative and secretory phase (P = 0.002). This 

significant difference in the expression between the phases was lost in all the disease tissue types 

(P = 0.050, P = 0.971, and P = 0.116 in EE, Eoma and DIE, respectively).  When the proliferative 

phase lesion groups were analysed, HOXB4 expression was lower in EE, Eoma and DIE when 

compared to EC controls (P = 0.004, P = 0.0009, and P = < 0.0001, respectively). The only 

significant difference in secretory phase HOXB4 expression in lesions was found in EC and DIE 

groups (P = 0.033). EC: normal endometrium in the women without endometriosis, EE: eutopic 

endometrium in women with endometriosis, Eoma: endometrioma lesions, DIE: deep infiltrating 

endometriosis lesions. 
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Figure 3.10: Analysis of the crude HOXB4 immunoreactivity in all available samples of 

lesions from patients without endometriosis (EC) and with endometriosis (EE, Eoma, and 

DIE) compared to inactive endometrium using the Histoscore (H-score):     

Mean H scores (± standard deviation [SD]) for the staining intensity of glandular HOXB4 protein 

expression in both eutopic endometrium (EE) and ectopic implants (Eoma and DIE) in patents 

with endometriosis compared to normal endometrium (EC).  The expression of HOXB4 in the 

inactive eutopic endometrium of women with endometriosis was lower than normal eutopic 

endometrium (P =0.0021). A lower HOXB4 expression was found in the inactive EE when 

compared to the inactive Eoma (P =0.0019); however no difference was found between inactive 

EE and inactive DIE (P =0.1822). There was no significant difference when HOXB4 expression 

was compared between: eutopic endometrium in both the cycling and inactive groups (P = 0.1301).   
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Chapter 4: The Expression of HOXB4 mRNA in Eutopic and Ectopic 

Endometrial Tissue from Women with or without Endometriosis 

4.1 Rationale and Overall Hypothesis 

My immunohistochemistry studies in Chapter 3 have shown that significant lower levels 

of HOXB4 protein are expressed in endometriotic tissues from women with deep infiltrating 

endometriosis (DIE) compared to eutopic and ectopic endometrial tissues from control women 

(EC) and women diagnosed with endometrioma (Eoma). However, a known drawback of 

immunohistochemistry studies is their relative inability to quantitate changes over a large dynamic 

range. Multiple studies have utilized quantitative microarray approaches to study the differences 

of gene expression between eutopic and ectopic endometrial tissues from women with 

endometriosis [225, 226]. Interestingly, several reports suggested that HOXB4 may be among 

many genes that have distinct expression patterns between eutopic and ectopic endometrial tissues 

[206, 208]. However, additional studies are needed to further validate their brief suggestion. Thus, 

the aim of my study in this chapter is to investigate the expression of HOXB4 mRNA in eutopic 

and ectopic endometrial tissue from women with or without endometriosis.  

Based on my previous immunohistochemistry findings listed in Chapter 3, HOXB4 is expressed 

at lower levels in ectopic tissues from women with DIE compared to eutopic and ectopic 

endometrium from control women and women with endometrioma.  

 

4.2 SAMPLE CHARACTERISTICS  

As a complement to the immunohistochemical approach, HOXB4 mRNA levels were 

examined in eutopic endometrium from women without endometriosis (EC) and lesions from 
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eutopic (EE) and ectopic implants (Eoma and DIE) from women with endometriosis (Figure 2.2). 

Briefly, total RNA was extracted from formalin fixed paraffin embedded (FFPE) tissues as 

mentioned in section 2.4. Commercially available RNA extraction kits were used to maximize the 

RNA quality as formalin fixation may result in a reduction of RNA yield by inducing cross-links 

between nucleic acids and proteins. Specific TaqMan quantitative PCR assays were used to 

amplify HOXB4, GAPDH and Cytokeratin 7 cDNAs. From the protein data presented in section 

3.3, HOXB4 levels are expressed exclusively in the epithelial glands. Thus, we included 

cytokeratin 7 (epithelial marker) as a putative means of normalizing HOXB4 mRNA levels based 

on epithelial content. To ensure consistancy between different plates of assays, a particular sample 

in the EE group was included in all plates and the HOXB4 cycle threshold for that sample was 

equalized for all plates. 

 

4.3 RESULTS  

4.3.1 The Expression of HOXB4 mRNA in Eutopic and Ectopic Endometrial Tissue 

The proper use of housekeeping genes as internal control is critically important when 

evaluating target gene expression from tissue biopsies using real-time qPCR method. 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 18s ribosomal RNA (18S rRNA), and 

beta actin (ACTB) are the most widely used housekeeping gene in gynaecological tissue gene 

expression analyses in primates and human studies [208, 227-229]. Thus, I sought to use GAPDH 

as a reference gene to evaluate the expression of HOXB4 in eutopic and ectopic endometrial 

biopsies. When HOXB4 mRNA levels were normalised to GAPDH mRNA levels in lesions from 

patients without endometriosis (EC) and patients with endometriosis (EE, Eoma, and DIE), a 

significant reduction in HOXB4 mRNA levels was observed in Eoma group when compared to 
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EC, EE and DIE groups (P= 0.008, P= 0.007, and P= 0.035, respectively) (Figure 4.1). No 

significance of HOXB4 mRNA levels was observed between EC, EE and DIE groups (P > 0.05). 

Decreased HOXB4 protein levels were observed in ectopic endometrial tissue biopsies 

from DIE groups according to my immunohistochemistry results, contrasting with my qPCR 

results. According to my immunohistochemistry results, HOXB4 protein was exclusively 

expressed in glandular epithelial cells; therefore, variations in epithelial content between eutopic 

and ectopic tissue biopsies may affect the accuracy of using the universally expressed GAPDH as 

a reference gene (i.e. GAPDH expressed both in epithelial and stromal cells). Thus, I sought to use 

an epithelial exclusive reference gene, such as cytokeratin 7, to reassess my data. After 

normalisation of HOXB4 mRNA levels with the epithelial marker CK7, surprisingly, no 

significant differences in HOXB4 expression were found among any of the study groups (Figure 

4.2, P > 0.05).  

The epithelial content of individual tissue biopsies can be estimated histologically by a 

pathologist. This estimated epithelial content has previously been reported to help in quantifying 

protein levels in the epithelial cells exclusively, such as the level of epithelial cell adhesion 

molecule (EpCAM) in prostate cancer [230]. Similarly, the epithelial content of tissue biopsies 

used for RNA extraction was estimated to determine mRNA levels exclusive to epithelial cells. In 

order to maintain consistency in the epithelial content of the sections cut for mRNA extraction and 

epithelial content estimation, serial sections that were cut no more than 15 micron away from each 

other were used in these respective analyses. A negative correlation between CK7 CT values and 

the epithelial content percentage was observed, as expected (Figure 4.3), suggesting a negative 

correlation between the CK7 mRNA levels and epithelial content in these tissue biopsies.  
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Furthermore, after normalization with epithelial content as a reference, HOXB4 mRNA levels 

were significantly lower in the DIE  and Eoma groups when compared to the eutopic endometrium 

of women without endometriosis (EC) (P= 0.0001, P= 0.001, respectively). Additionally, 

significantly lower HOXB4 mRNA levels were detected in DIE group when compared to the Eoma 

group (P= 0.018; Figure 4.4).   

4.3.2 The Expression of HOXB4 mRNA in Different Pelvic Zones from Women with 

Endometriosis 

As mentioned in section 1.1.5.1, there is a standardised system to report pelvic anomalies 

during a laparoscopic pelvic examinations based on the anatomical landmarks [123].  The variation 

of HOXB4 mRNA levels according to the pelvic zones in the DIE group was conducted. Only two 

zones were represented in our samples: zone 2 which represents medially located structures (n=8) 

and zone 3 which represents lateral anatomical structures (n=3). Medial structures (Zone 2) were 

found to have significantly higher HOXB4 mRNA levels when normalized to the epithelial content 

percentage (Figure 4.5).  

 

4.4 DISCUSSION  

With the advancement of molecular assays, FFPE tissues are considered an invaluable 

resource in research. FFPE is considered an excellent approach to preserve antigens and proteins 

as it minimizes degradation that would usually happen over time and has been validated for 

different immunohistochemical assays [211, 231]. Nevertheless, many reports have proven that 

nucleic acid degradation in FFPE tissues is unavoidable. This could be due to suboptimal tissue 

processing, fixation or storage which will lead to significant RNA fragmentation and subsequently 

lower levels [211, 232, 233]. 
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As discussed in section 3.4, the Endo-Onc tissue bank implemented a new approach to 

prevent DNA and RNA degradation with prolonged storage using a molecular fixative. It is 

considered a better fixative as it enables better downstream molecular applications like gene 

expression [189]. However, due to time limitation, extracting RNA from FFPE tissues was more 

feasible in our case. 

One of the major challenges of extracting RNA from the FFPE blocks was the low RNA 

yields when using the RecoverAll™ Kit and a success rate of only 51.7% (see section 2.4). This 

was improved when we changed and modified the extraction method with the other AllPrep 

DNA/RNA FFPE Kit. However, we were extracting the RNA from the whole scroll which affected 

yields as HOXB4 is only expressed in the glandular epithelium. 

Endometriotic tissue (as opposed to normal endometrium) is considered progesterone-

resistant. Microscopically, fewer glandular cells (one or more) are found in endometriotic lesions 

and usually are replaced with hemosiderin residuals [210]. It becomes really challenging to find 

endometrial glands in ovarian endometrioma due to the replacement with stromal cells and fibrotic 

tissue. As a result, many sections from the same lesion should be examined in order to confirm the 

absence of these glands [234]. In the normal cycling endometrium the regular gland:stroma ratio 

is 1:1. The observation of fewer glands than stroma, resulting in a ratio less than 1:1, may be an 

indication of atrophy, decidua, hyperplastic or neoplastic lesions[235]. Unfortunately, the exact 

gland:stroma ratio in endometriotic lesions is not reported in the literature.  

Although, to my knowledge, no study has been conducted to evaluate the putative 

housekeeping genes for endometriosis, a report suggested that GAPDH may be suitable as a 

reference gene for cyclic and early pregnant equine endometrium [227] and in other gynecological 

diseases in human [208, 228, 229]. However, in the present study when HOXB4 mRNA levels 
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were normalised to the housekeeping gene GAPDH, a significant reduction in the fold change of 

Eoma compared to the other groups EC (P=0.008), EE (P=0.007), and DIE (P=0.035) was 

observed. It has been reported that gene expression in the endometrium could be regulated by 

environmental, cyclical or pathological conditions. For instance, Milne et al demonstrated a 

cyclical change in the expression of prostaglandin E2 gene [236]. Moreover, in the placenta, 

GAPDH has been reported to be expressed at different levels in 20 placental samples and this is 

why GAPDH is not commonly used as a housekeeping gene in placenta studies [237]. In normal 

ovarian tissue and serous or mucinous ovarian cancer FFPE samples, Cai et al demonstrated that 

GAPDH is not a suitable stable housekeeping gene and the use of a multiple-reference approach 

is advisable [238]. Moreover, Sadek et al recommended using at least two housekeeping genes 

when comparing gene expression variation between endometrium in normal and polycystic 

ovarian syndrome (PCOS) women [229]. As a result, speculations about GAPDH specificity as an 

internal stable reference were made and the option of using other reference genes was advised.  

As demonstrated in section 3.3, HOXB4 is expressed only in the glandular epithelial cells. 

Because there were no readily available methods to verify the accuracy of the glandular epithelial 

extraction, an epithelial marker cytokeratin7 (CK7) assay, in addition to the housekeeping gene 

GAPDH and the target gene HOXB4, was evaluated in plate.  To the best of my knowledge, CK7 

was never reported to be used as a RT-PCR endometrial epithelial marker. Few cytokeratins are 

expressed in the simple epithelia that lines internal organ cavities, however CK7 and CK20 are the 

two most frequently used cytokeratins that are known to be expressed exclusively in glandular 

epithelial tissues and neoplasms [239-241]. In more than 400 neoplastic samples, all the ovarian 

and uterine cancer samples expressed positive immunoreactivity to CK7 when compared to CK20 

[242]. In RT-PCR, CK7 was used as an epithelial marker for circulating tumor cell detection in 
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non-small cell lung cancer [243, 244]. To insure consistency among different 96-well PCR plates, 

all the cycle thresholds (CTs) were pegged to one particular sample in the EE group. Unfortunately, 

this approach didn’t reveal any significant difference (Figure 4.2). This could be due to poor RNA 

yield and concentrations after extraction from FFPEs. Moreover, speculation about the 

heterogeneity of cellular content found in a scroll (i.e. epithelial, endothelial, stroma, myo-

epithelial cells, and adipocytes) combined with the lack of evidence of both the housekeeping and 

the epithelial marker genes specificity and sensitivity in endometrial cells reduced the possibility 

of consistency in fractional cycle number at which the amplification of any of the genes were 

detected.  

Subsequently, we took another approach to analyse the data by evaluating the percentage 

of the epithelial content in all the blocks used for RNA extraction. There are many approaches to 

evaluate the epithelial content. A traditional approach was to count the epithelial nuclei in a 

hematoxylin and eosin (H&E) stained slide. Another approach is to evaluate the epithelial content 

digitally using histophotometrical methods [230]. However, results from the digital estimation 

approach were found to be similar to those obtained visually by a pathologist [230]. Due to 

feasibility issues, the former approach was used to evaluate the percentage of glandular epithelial 

content in every block. Consecutive sliced scrolls (adjacent to each other) were used for the IHC 

and RNA analyses respectively and epithelial content was measured in both in order to minimize 

variations in tissue and facilitate comparisons between the two methods. The estimation of the 

epithelial percentage was done by evaluating the hematoxylin and eosin (H&E) stained slides that 

represent each block included in the analysis. The epithelial content values ranged from zero to 

one. When no epithelial glands were found in the slide, the epithelial content was designated a 

value of zero. The slides with the highest epithelial content were scored with a value of 1. This 
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allowed us to evaluate the accuracy of using the CK7 assay as an indicator for epithelial content 

(Figure 4.3). When we evaluated the correlation between cycle thresholds (CTs) of CK7 paired to 

the epithelial content percentage in each sample, an expected, though not convincing, negative 

correlation was found (P = 0.01). Taking into account that higher CT value means lower mRNA 

level is in any given sample, many samples with higher epithelial content had lower CK7 mRNA 

levels (i.e. higher CT value). However, there were a number of samples with extremely divergent 

epithelial content (i.e. 0 or 1.0) that have identical CT values, which means CK7 mRNA levels 

may not directly reflect the content of epithelial cells in a given sample. This may due to the 

following: first of all, other non-epithelial cell types such as endothelial cells existing in our sample 

also express CK7 [245]; second, little is known about whether the mRNA expression of CK7 is 

consistent in the endometrial epithelial cells between the phases of the menstrual cycle, or between 

individual patients; finally, differences in the quality and purity of the extracted RNA from the 

FFPE scrolls may affect the accuracy of quantifying CK7 mRNA levels in our samples.  

The epithelial content estimation approach allowed us to address the qPCR data from a 

different angle, one that used HOXB4 CT values normalised directly to the epithelial content 

percentage (Figure 4.4). By using this approach the mRNA data was in parallel to the protein data 

presented in section 3.3.  

Although we didn’t have a large sample size for the PCR analysis, we analysed the DIE 

group data and normalized HOXB4 mRNA levels using the three different approaches mentioned 

above in reference to the pelvic zones system [185]. This is a novel system to describe important 

pelvic structure locations in order to improve laparoscopic pelvic examination and diagnostic 

accuracy. There was only a significant reduction in HOXB4 mRNA levels in samples obtained 
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from zone 2, which includes uterosacral and medial structure disease, when compared to zone 3, 

pelvic side wall and abdominal wall disease. 

As a whole, procurement of homogeneous cells for gene expression profiles is essential in 

cases were mixed cells are available, as is the case for tissues in endometriosis. Moreover, 

validating housekeeping genes in both normal and endometrial pathologies coupled with specific 

epithelial markers will provide more precise evaluation of the genetic alterations or gene 

expression profiles. In order to avoid the heterogeneity encountered in the current RNA extraction 

method, laser capture microdissection will be one of the future directions to warrant the accuracy 

and consistency of the results.  
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Figure 4.1: HOXB4 mRNA levels normalised to the reference gene GAPDH in lesions from 

patients without endometriosis (EC) and patients with endometriosis (EE, Eoma, and DIE). 

 Total RNA was extracted from FFPE blocks using the methods described in section 2.4. qPCR 

was performed using HOXB4 TaqMan assay after reverse transcription. All the cycle thresholds 

(CTs) were pegged to one particular sample in the EE group in order to insure the consistancy 

between different batch of assays. The mRNA levels of HOXB4 were normalised to GAPDH. The 

results are presented as mean ± standard deviation [SD] in the bargraph above.  
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Figure 4.2: HOXB4 mRNA levels normalised to the epithelial marker Cytokeratin 7 in 

lesions from patients without endometriosis (EC) and patients with endometriosis (EE, 

Eoma, and DIE). 

 Total RNA was extracted from FFPE blocks using the methods described in section 2.4. qPCR 

was performed using HOXB4 TaqMan assay after reverse transcription. All the cycle thresholds 

(CTs) were pegged to one particular sample in the EE group in order to insure the consistancy 

between different batch of assays. The mRNA levels of HOXB4 were normalised to Cytokeratine 

7. The results are presented as mean ± standard deviation [SD] in the bargraph above.  
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Figure 4.3: Correlation between the epithelial content and Cytokeratin7.   

Total RNA was extracted from FFPE blocks using the methods described in section 2.4. 

qPCR was performed using Cytokeratine 7 (CK7) TaqMan assay after reverse transcription. All 

the cycle thresholds (CTs) were pegged to one particular sample in the EE group in order to insure 

the consistancy between different batch of assays. High CT value indicates lower CK7 mRNA 

level and vice versa. To quantify the epithelial conent, glandular epithelial nuclie percentage was 

estimated from the hematoxylin and eosin (H&E) stained  histology slides. The epithelial content 

was indicated as zero if no glands were found in the H&E slide. The epithelial content from the 

H&E stained slides with highest glandular percentage were given as 1. The correlation between 

CK7 CTs paired with the epithelial content percentage are ploted in the scatter plot above. The 

linear regression was performed and the formula is presented above the scatter plot.  
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Figure 4.4: HOXB4 mRNA levels normalised to the epithelial content in lesions from patients 

without endometriosis (EC) and patients with endometriosis (EE, Eoma, and DIE). 

  Total RNA was extracted from FFPE blocks using the methods described in section 2.4. 

qPCR was performed using HOXB4 TaqMan assay after reverse transcription. All the cycle 

thresholds (CTs) were pegged to one particular sample in the EE group in order to insure the 

consistancy between different batch of assays. High CT value indicates lower HOXB4 mRNA 

level and vice versa. The mRNA levels of HOXB4 were normalised to epithelial content 

percentage. The results are presented as mean ± standard deviation [SD] in the bargraph above.  
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Figure 4.5: HOXB4 mRNA levels in deep infiltrating endometriosis lesions (DIE) in different 

pelvic zones. 

  Total RNA was extracted from FFPE blocks using the methods described in section 2.4. 

qPCR was performed using HOXB4 TaqMan assay after reverse transcription. All the cycle 

thresholds (CTs) were pegged to one particular sample in the EE group in order to insure the 

consistancy between different batch of assays. A. HOXB4 mRNA levels were normalised to 

GAPDH. B. HOXB4 mRNA levels were normalised to CK7. C. HOXB4 mRNA were normalised 

to epithelial content percentage. High CT value indicates lower HOXB4 mRNA level and vice 

versa. The results are presented as mean ± standard deviation [SD] in the bargraph above.  
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Chapter 5: Conclusion and Future Directions 

HOX genes play a functional role in the endometrium. They are essential for endometrial 

proliferation, differentiation, and receptivity [246]. In human primary glandular epithelial cells, 

HOXB4 total mRNA levels were abundant and upregulated by estrogen and progesterone [184]. 

However, no publication has demonstrated HOXB4 protein immunoreactivity in eutopic 

endometrium of normal premenopausal women. Moreover, the localization and immunoreactivity 

of HOXB4 in eutopic and ectopic endometrium from women with endometriosis has not been 

proven. For these reasons, the experiments described in this dissertation aimed to establish not 

only the expression and localization of HOXB4 in normal eutopic endometrial tissue, but also to 

examine the expression in both eutopic and ectopic endometrial tissues in women with 

endometriosis during the menstrual cycle. Moreover, we intended to quantify the expression of 

HOXB4 in normal eutopic endometrial tissue and eutopic and ectopic endometrial tissues from 

patients with endometriosis.    

First, we have demonstrated that HOXB4 protein expression was immunolocalized in the 

nuclei of glandular epithelial cells in normal eutopic endometrium, eutopic endometrium and 

ectopic endometrial implants from women with endometriosis. HOXB4 immunoreactivity was 

absent from endometrial stromal cells in all tissues examined. Second, this expression was higher 

in the proliferative phase in the eutopic endometrium from women without endometriosis when 

compared to the secretory phase. This difference was lost among the diseased groups. Third, 

HOXB4 immunoreactivity was significantly reduced in ectopic deep infiltrating endometriosis 

when compared to eutopic endometrium from women without endometriosis as well as eutopic 

endometrium and endometrioma tissues from women with endometriosis. Finally, HOXB4 mRNA 

levels were significantly lower in the deep infiltrating endometriosis and endometrioma groups 
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comapred to the eutopic endometrium of women without endometriosis when normalised with 

epithelial content as a reference.  

We will continue to evaluate the expression of the other three group 4 HOX genes and their 

roles in regulating the pathogenesis of endometriotic tissue which may correlate to the prognosis 

of endometriosis. Also, reducing heterogeneity in extracting epithelial endometrial glands by laser 

capture micro-dissection and finding multiple suitable reference genes will improve the accuracy 

of the results described in section 4.3.  

Many reports have established a link between endometriosis and ovarian cancer, 

specifically clear cell and endometrioid ovarian cancer [134, 247], with endometriosis-associated 

ovarian carcinomas having a more favourable prognosis [248, 249]. As there appears to be an 

association between endometriosis and these ovarian carcinomas, we used the Cheryl Brown 

Ovarian Cancer Outcomes Unit array (an array consisting of 612 ovarian cancer tumour cores from 

British Columbia, 42% of which are from women with endometrioid and clear cell ovarian cancer) 

to measure the expression of HOXB4 in tissue derived from these carcinomas and compare them 

to tissues from endometrial implants. I also was interested in investigating differences in HOXB4 

expression in endometrial cancer compared to normal endometrium. Therefore, with the help of 

the Department of Anatomical Pathology at Vancouver General Hospital, we gained access to the 

endometrial cancer (09-004) Tissue Microarrays (TMA), comprised of 172 cases of endometrial 

carcinoma, and analyzed HOXB4 expression. The majority of these arrays were from 

endometrioid endometrial cancer. Both the ovarian and endometrial TMAs were stained and 

scored with HOXB4 using the method described in section 2.3 and 2.4, respectively. The H-score 

analysis of both TMAs will be then compared to the endometriosis H-score results described in 

section 3.3.  With the understanding of the differences in HOXB4 expression in normal 
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endometrium, different ectopic implants, and ovarian carcinomas, we hope to contribute towards 

the development of novel biomarkers for endometriosis and, ultimately, more accurate diagnostic 

tools for this disease. 
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Appendices 

APPENDIX A: HOXB4 Expression and Function in Endometrial Cancer Cell Lines  

A.1  Rationale  

Endometrial cancer is the most common gynecologic malignancy in the developed 

countries [250]. In the last few years, the overall incident and mortality rate has increased the 

incidence rate has increased. The most common subtype is estrogen-related endometrioid uterine 

cancer (up to 80%) with the most favorable prognosis. Other uncommon subtypes with poor 

prognosis are mucinous, clear cell, serous, squamous, and undifferentiated. Women suffering from 

this malignancy may present with abnormal uterine bleeding.  

Endometrioid endometrial carcinomas are usually well-differentiated. They form new 

glands. Histopathologic staining panels are used to distinguish the different morphologies among 

endometrial cancer subtypes. Chiang et all demonstrated the loss of phosphatase and tensin 

homolog (PTEN) and AT-rich interactive domain-containing protein 1A (ARID1A) proteins 

expression in endometrioid subtype [251]. Grading these tumours is based on the combination of 

nuclear availability grade percent and gland formation. Multiple mutations has been identified in 

endometrioid endometrial cancer tissues as PTEN, K-RAS, and beta-catenin genes has been 

characterised in this subtype [252].  

Members of HOX genes were found to be regulating motility and endometrial cancer cell 

invasion.  Most HOX genes were found to play a suppressive effect in endometrial cancer cells. 

HOXA10 expression correlated negatively to the invasiveness of endometrial cancer [253]. 

Moreover, in early stages of endometrial cancer, HOXA11 hypermethilation correlated to poor 

outcome [254]. On the other hand, Zhao et al. found that HOXB13 was overexpressed in 
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endometrial cancer cells. The invasiveness of these cells was induced by the 17beta-estradiol and 

responded in both time- and dose-dependent manner [255].  

Geo et al showed by northern blot that glandular endometrial epithelial cells HOXB4 

mRNA levels were sensitive to treatment with 17β-estradiol (E2) and methylprogesterone acetate 

(MPA) [184]. Although not a perfect model, an alternative is to use endometrioid endometrial 

cancer cell lines as a model for normal glandular epithelia since these tumors are of endometrial 

epithelial origin. To this end, I performed western blot for HOXB4 with protein lysates from six 

different endometrial cancer cell lines generously provided by Dr. Peter Leung’s lab (HEC1A and 

HEC1B, human endometrioid endometrial cancer of endometrial glandular cell origin; HEC50, 

poorly differentiated human endometrial glandular cell representative of type II endometrioid 

endometrial cancer; and KLE, poorly differentiated human endometrial glandular cell 

representative of type II endometrioid endometrial cancer; RL952,  moderately differentiated 

human adenosquamous; AN3CA, poorly differentiated human endometrial glandular cell 

representative of type II endometrioid endometrial cancer [256-258].  

 

A.2  Expression of Hoxb4 in Endometrial Cancer Cells  

Western blot preliminary analysis showed high HOXB4 protein levels in HEC1B, HEC50 

and AN3CA cells, moderate levels in RL952 cells, and reduced levels in HEC1A and KLE cells 

(Figure A.1). Both HEC1B HEC50 cells show relatively higher HOXB4 expression when 

compared to the other 4 cells.  
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A.3  Effect of Estrogen Treatment on Hoxb4 Expression in Endometrial Cancer Cells 

To further identify the effect of estrogen (E2) on the expression of HOXB4 in endometrioid 

endometrial cancer cells, HEC1A and HEC1B cells were treated with estrogen as described in 

section 2.5. E2 does not stimulate HOXB4 expression in HEC1A (Figure A.2) and HEC1B (Figure 

A.3). Moreover, when both cell lines were treated with E2 and/or its antagonist (Fulvestrant), 

HOXB4 expression was not affected in both HEC1A and HEC1B (Figure A.4).    
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Figure A.1: The expression of HOXB4 in endometrial cancer cells  

Western blot analysis showed HOXB4 protein levels endometrial cancer cell lines (Hec1B, Hec50 and 

AN3).  
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Figure A.2: E2 does not stimulate HOXB4 expression in HEC1A cells with different 

incubation periods  

HEC1A cells were incubated in charcoal filtered FBS and treated with 10-8 M estradiol and cells 

were collected 1h, 3h, 6h, 12h, 24h, 48h after treatment The HOXB4 mRNA levels were 

normalized to GAPDH and compared to either (A) each time point control or (B) 1h control. This 

experiment was repeated 4 times.  
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Figure A.3: E2 does not stimulate HOXB4 expression in HEC1B cells with different 

incubation periods  

HEC1B cells were incubated in charcoal filtered FBS and treated with 10-8 M estradiol and cells 

were collected 1h, 3h, 6h, 12h, 24h, 48h after treatment The HOXB4 mRNA levels were 

normalized to GAPDH and compared to either (A) each time point control or (B) 1h control.  This 

experiment was repeated 4 times.  
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Figure A.4: E2 and its antagonist don’t have an effect on HOXB4 expression in both HEC1A 

and HEC1B  

HEC1A and B cells were incubated in charcoal filtered FBS and treated with 0.01 μM of Estradiol 

and 0.1μM Fulvestrant for (A) 48h in HEC1A and (B) 24h in HEC1B. The HOXB4 mRNA levels 

were normalized to GAPDH. This experiment was repeated 2 times. No significant effect was seen 

in either cell lines.      
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Appendix B: Hoxb4 Expression in Normal Endometrium and Endometrioma from the Gene 

Expression Omnibus (Geo) Microarray Database  

 

 

 

 

 

 

 

 

 

 

 

Figure B.1: HOXB4 expression in normal endometrium and endometrioma from the Gene 

Expression Omnibus (GEO) microarray database. 

 Comparison of endometriosis lesions (n=10) to normal endometrial tissues (n=10) obtained from the 

same patient at the same time by HOXB4 expression profiling array. 

Platform: GPL570 Series: GSE730520 Samples 

Download data: GEO (CEL) 

DataSetAccession: GDS2835ID: 2835 [206]. 
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Appendix C: Hoxb4 Expression in Normal Endometrium and Endometriosis from the Gene 

Expression Omnibus (Geo) Microarray Database  

Profile GDS2737 / 231767_at / HOXB4 

Title Endometriosis 

Organism Homo sapiens 

 

 

 

 

 

 

 

 

 

Figure C.1: HOXB4 expression in normal endometrium and endometriosis from the Gene 

Expression Omnibus (GEO) microarray database: 

Analysis of endometrial specimens from women with endometriosis (n=21) compared with normal 

endometrium (n=16). Endometrial gene expression examined at various phases of the menstrual cycle. 

Results provide insight into the molecular pathogenesis of endometriosis. 

Platform: GPL570 Series: GSE636437 Samples 

Download data: GEO (CEL) 

DataSetAccession: GDS2737ID: 2737 [208]. 


