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Chapter1

Introductory Chapter: Changes
in the Approach of the Patient
with Endometriosis and the
Development of Genetics and
Molecular Biology in Gynecology

Giovana Aparecida Gongalves

1. Introduction

Endometriosis is characterized by the presence of endometrial-like functional
tissue located outside the uterine cavity, most commonly in the pelvic peritoneum,
ovaries and rectovaginal septum, and more rarely in the pericardium, pleura and
central nervous system. The studies indicate a prevalence of up to 20% of women of
reproductive age [1] and 30-50% of infertile women with endometriosis [1].

2. Clinical condition

The clinical condition of the patient with endometriosis is quite variable. The
patient may be asymptomatic, refer only to infertility, or have symptoms such as
severe dysmenorrhea, profound dyspareunia, chronic pelvic pain, ovulatory pain,
urinary symptoms or peri-menstrual bowel movements, and chronic fatigue.
Gynecological examination may be normal, but the presence of pain in uterine
mobilization, uterine retroversion, or increase in ovarian volume is suggestive of
endometriosis, although it is not specific. Other conditions, such as irritable bowel
syndrome, pelvic inflammatory disease, and interstitial cystitis may present similar
symptoms and should be included in the differential diagnosis. Signs suggestive
of deep infiltrative endometriosis are palpable nodulations in the posterior vaginal
fornix or rectovaginal septum, thickening of the uterosacral ligaments, or viola-
ceous lesions in the vagina [2].

3. Diagnostic evaluation of endometriosis

Although the definitive diagnosis of endometriosis requires surgical interven-
tion, preferably through videolaparoscopy, several findings in physical, imaging,
and laboratory tests can already predict, with a high degree of reliability, that
the patient has endometriosis. To date, no biochemical marker can be considered
as an endometriosis endpoint, but Ca-125, when collected on the first or second
day of the menstrual cycle, may be useful for the diagnosis of advanced stage
endometriosis when the values are higher than 100 IU/mL [3]. Although normal
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concentrations do not exclude the disease, cases with elevated preoperative levels
may aid in patient follow-up and clinical suspicion of recurrence of endometriosis.
More recently, some cytokines have been studied as new nonsurgical endometriosis
markers. Interleukin-6 (IL-6) appears to perform better than other cytokines in
discriminating patients with endometriosis [4]. The first imaging test to be applied
to the patient with a history and physical examination suggestive of endometriosis
is transvaginal pelvic ultrasound, preferably with intestinal preparation. A study
by Abrio et al. [5], evaluating the accuracy of this test, demonstrated a sensitivity
of 94% and a specificity of 98% in the identification of foci of deep endometriosis.
If the test is normal, the patient may not have endometriosis or have noninfiltrative
initial disease. On the other hand, if the test is conclusive for ovarian endometriosis,
rectovaginal septum or rectosigmoid, or urinary tract, treatment may be indicated
without additional imaging tests. For evaluation of endometriomas larger than

2 cm, transvaginal ultrasonography is an efficient method, according to Moore
etal. [6]. The presence of ovarian masses with a doubtful diagnostic hypothesis
can be better evaluated with magnetic resonance imaging (MRI). Changes sug-
gestive of rectovaginal septum disease, uterosacral, or rectosigmoid ligaments
may be confirmed by rectal echoendoscopy or MRI. Rectal echoendoscopy allows
the identification of the distance between the lesion and the rectal lumen as well

as extrinsic compressions and submucosal lesions of the rectum [7]. MRI also
allows the identification of deep disease with invasion of the intestinal tract, but

it does not make it possible to specify the intestinal layer affected by the lesion

[8]. Transvaginal ultrasonography for the diagnosis of bladder endometriosis has
been reported as an effective method, with sensitivity of 71.4% and specificity of
100% [9]. Ultrasonography suggestive of bladder or ureteral endometriosis can

be complemented with excretory urography, which may show ureteral narrowing.
Uro-resonance can be used as an alternative method to excretory urography for
evaluation of renal collecting system dilatations. Although the available imaging
exams presented good accuracy in the diagnosis of endometriosis, laparoscopy
with lesion biopsy for anatomopathological analysis is still the gold standard in the
diagnosis of endometriosis.

4, Classification of endometriosis

After videolaparoscopy, endometriosis can be classified according to the
histological type of the implants, with the anatomical location of the disease—
peritoneum, ovary or rectum—or by the extension of the disease to the pelvic
organs. The most commonly used classification is that of the American Society of
Reproductive Medicine—revised in 1996 [10]. This classification rates minimal,
mild, moderate, or severe endometriosis due to the extent of disease in the perito-
neum and ovaries, as well as the presence of tube-ovarian and Douglas sack bottom
block. This classification, although with some limitations, is quite useful in the
orientation of postsurgical treatment, especially when the patient’s complaint is
infertility.

5. Critical analysis of treatments for endometriosis

The therapeutic approach to endometriosis varies, depending on the patient’s
complaint, pelvic pain or infertility, although such complaints are often associated.
Gonadotropin-releasing hormone (GnRH) analogues, GnRHa, may be indicated
for three months and then continue with oral contraceptives. If the patient has
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recurrence of pain, or an image suggestive of endometrioma greater than 3 cm or
suspected of adherence, surgery should be indicated.

6. Surgical treatment of endometriosis

Surgical treatment of endometriosis involves procedures of low complexity, such
as the treatment of superficial foci and the release of tendon adhesions, to complex
interventions in the ovaries, Douglas sacs, intestines, bladder, and ureters, requir-
ing, in some cases, a multidisciplinary team. For several years, the surgical treat-
ment of endometriosis was based on the oncological principles of radical removal of
the lesions. This principle is still used when it comes to cases of intestinal or ureteral
stenosis or ovarian masses of doubtful characteristics. However, we currently know
that there is no correlation between the disease with the severity of the symptoms,
as well as the reproductive prognosis and long-term recurrence of pain [11]. In
addition, many patients present infertility associated with pain, requiring that the
surgical procedure be conservative. Based on these considerations, some authors
recommend surgical treatment only for patients who do not respond to drug treat-
ment, as well as for those who wish to become pregnant spontaneously [12]. There
are few published randomized clinical trials evaluating the outcome of surgical
treatment of symptomatic endometriosis. A review by Vercellini et al. [12] describes
symptomatic improvement after conservative treatment of around 60-80%, with
recurrence of symptoms and reoperation rate ranging from 12 to 58% between
studies.

For the patient with infertility, follicle ablation and adhesiolysis appear to
improve fertility in the minimal and mild degrees of disease [1]. In cases of mod-
erate or severe degrees, there are no randomized clinical trials or meta-analyses
available to answer if resection of foci would increase gestation rates.

7. Molecular genetics and endometriosis

Endometriosis exhibits similarity with cancer since endometrial cell implants
require neovascularization to establish, grow, and invade tissues. In addition, the
etiopathogenic theories of endometriosis involve growth factors and cytokines
associated with regulation of cell multiplication and neoangiogenesis that may act
on carcinogenesis. It is estimated that 1% of cases of endometriosis is related to
cancer, and for some types of endometriosis, its benign nature has been question-
able [13, 14].

Although the definitive diagnosis of endometriosis necessitates a surgical inter-
vention, called video-laparoscopy, several findings in the physical, imaging and
laboratory examinations can already predict, with a high degree of reliability, that
the patient has this disease. During this surgical procedure, it is possible to visualize
lesions suggestive of the disease and to obtain a tissue specimen for anatomopatho-
logical analysis and confirmation of the diagnosis of endometriosis [15]. The clas-
sification used for endometriosis is that of the American Society of Reproductive
Medicine (ASRM), revised in 1996, which rates this disease in minimal (stage I),
mild (stage IT), moderate (stage III), or severe (stage IV) [16]. Currently, the most
common treatments are surgery, ovarian suppression therapy, or the association of
both [13, 15].

The cause of endometriosis remains unknown. However, there is evidence of
immunological [17, 18], environmental [19], and genetic [18, 20] factors involved in
its pathogenesis.



Molecular Bases of Endometriosis - The Integration Between Research and Clinical Practice

Regarding the immune response, the role of cytokines in the development of
endometriosis [21-23] is highlighted, and elevated levels of several of them have
been found in patients with endometriosis [23, 25]. The same group of investiga-
tors [24, 26] evaluated the levels of cytokines involved in the Thl immune response
patterns (interleukin (IL)-2, tumor necrosis factor (TNF)-alpha and interferon
(IFN) and Th2 (IL-4 and IL-10) in patients with endometriosis (n = 65) and in
those without the disease (n = 33). Podgaec et al. [24] observed elevation in IFN-
gamma and IL-10 levels in patients with endometriosis, evidencing the coexistence
of both responses. However, when considering the ratio of cytokine levels to these
responses, IL-4 and IL-10 predominated, thus reflecting a possible shift to the
Th2 immune response component. In the subsequent study, 18 cytokine levels
were associated with the clinical symptoms of endometriosis. Patients with endo-
metriosis who had depth dyspareunia and infertility exhibited elevated levels of
TNF-alpha and IL-2, respectively. These cytokines are related to the Thl immune
response, and almost 70% of the patients who presented these results exhibited
deep endometriosis. The authors conclude that when specific clinical data are asso-
ciated with elevated production of certain cytokines, there is a Thl response pattern
that may be associated with deep endometriosis. Induction of Thl immune response
was also reported by Fairbanks et al. [25], who showed elevated levels of IL-12 in
patients with severe endometriosis.

The contribution of environmental factors to the development of endometrio-
sis was reviewed by Bellelis et al. [19] who related their influence and diet to the
genetics of this disease. They concluded that the mechanism by which dioxin and its
similes (2,3,7,8-tetrachlorodibenzo-p-dioxin/TCDD and polychlorinated biphenyls/
PCBs) act to alter endometrial physiology is uncertain and speculative. They also
state that there is insufficient evidence regarding the use of diets as preventive fac-
tors or even adjuvants in the treatment of endometriosis.

The genetic and hereditary basis of endometriosis was evidenced in the study
by Bellelis et al. [19] in which approximately 5.3% of the patients reported a first-
degree family history with a history of endometriosis. Familial aggregation, a high
concordance rate in monozygotic twins, and a 4-7% risk for first-degree relatives
support a contribution of genetic factors to the pathogenesis of this disease [14].

In this context, the identification of genetic variants or single nucleotide polymor-
phisms (SNPs), responsible for susceptibility to endometriosis, has been the subject
of investigation in recent years [26-28]. Different classifications were proposed for
endometriosis candidate genes.

8. Conclusions

What are the objectives of the genetic study of individuals? There is a great
interest of the medical community and also much concern of the lay press about
the potential benefits and harms of genetic screening, gene therapy, and even the
possibility of cloning individuals. The current use of genetic tests for the detection
and treatment of endometriosis is still at an early stage, but very important. The
determination of susceptibility markers will be increasingly explored in clinical
studies, and their uses will be much more defined.

Still, it seems increasingly likely that major changes will occur over the next
decade in how we evaluate and treat our patients. In particular, surgeons and clini-
cians will have the opportunity to use a number of new tests to predict the future
appearance of endometriosis in patients still free of the disease. They may have the
power to explore the best therapeutic modality for a particular patient according to
their genetic makeup. And they will be able to more specifically target prevention
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measures for family members of people already affected by the disease. It should be
understood that molecular diagnosis, especially in asymptomatic individuals, does
not mean disease, but an increased risk of developing this disease. Ethical implica-
tions exist and should not be underestimated. Patients should be advised about the
likely implications of such tests not only after, but especially before the achievement
of these.

A major step has already been overcome and we currently have basic tools for a
new leap in understanding human pathologies responsible for much of the world’s
mortality. Bridging the great barrier that still separates this basic knowledge from
clinical practice is still a much greater challenge.
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Chapter2

The Role of the Molecular Genetic
Approach in the Pathogenesis of
Endometriosis

Alfredo Borges Garnica

Abstract

Advances in cytogenetic, molecular genetic, and molecular cytogenetic techniques
have provided convincing evidence in favor of a genetic basis for endometriosis and
corroborating the higher prevalence of the disease in first-degree relatives of affected
women. The regulatory mechanisms involved in the morphological and biochemical
differentiation of the uterine endometrium are obviously complex, but consistent
somatic genetic alterations have been identified. A higher percentage of aberrant meta-
phases showing aneuploidy, dicentric chromosomes, endomitosis, and chromosomal
spraying have been detected in several trials. These results were further amplified by
multicolored fluorescent in situ hybridization (FISH) analysis demonstrating the pres-
ence of alterations, where at least chromosomes 1, 16, 17, and 22 show structural aber-
rations containing genes that could play a role in the development and/or progression of
endometriosis. Overall, the non-random distribution along with the subchromosomal
location of the genetic alterations strongly supports the idea that these anomalies are
relevant and are associated with the endometriotic process.

Keywords: molecular genetic, endometriosis, chromosome, hybridization

1. Introduction

Endometriosis is a systemic, multisymptomatic, and disabling condition for
women. Even when endometriosis originates from pelvic implantation, it can
spread to other bodily surfaces outside of it.

These endometriosis cells do not shed and migrate like endometrial cells. They
remain in situ, causing hemorrhage and an inflammatory response during each
hormonal cycle, conditioning the different symptoms and complications in each
affected organ.

Although the pathophysiological mechanism has been well studied, the cause
of endometriosis remains uncertain. This fact has motivated the development of
multiple and diverse theories that have tried to explain this pathology. The biggest
problem is that they have been exclusionary theories, so they have not been able to
define a cause that fits different scenarios.

It is under this concept and with the advent of new techniques of genetic and
molecular study that new theories have been developed based on genetic changes
and molecular alterations, which, being inclusive, provide a better vision of the
origin of endometriosis and of the way it manages to develop much more effective
therapeutic strategies.
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In this chapter, we will discuss some aspects of the molecular genetic approach,
with relevant findings on the definition and pathogenesis of endometriosis

2. Understanding endometriosis
2.1 Theories of endometriosis

Endometriosis is an estrogen-dependent chronic inflammatory disease that
primarily affects women of reproductive age and is defined as the presence of
endometrial glands and stroma outside the uterine cavity [1].

The first reference of endometriosis appeared in 1690, when Daniel Shroen
described the presence of “ulcers” disseminated in the pelvic cavity and that
appeared only in women of reproductive age. From that date, different theories
have been developed in an attempt to explain its origin; however, even today,
endometriosis remains an enigmatic disease.

The pathogenesis of endometriosis can be included in six theories, which in turn
can be subdivided into two groups depending on whether the implants come from
the uterine or extrauterine endometrium [2].

2.1.1 Origin of uterine endometriosis
2.1.1.1 Theory of retrograde menstruation

It is the most widely accepted theory about the etiopathogenesis of endo-
metriosis. It was proposed in 1920 by Sampson. Menstruation ascends from the
ostium, passes through the tubes and empties into the peritoneal cavity, with the
subsequent implantation and growth of the endometrial fragments deposited
in the peritoneal cavity. They represent an autotransplant, in which normal
endometrial tissue is transplanted to an ectopic location in the body. This theory
explains the higher frequency of endometriosis and the anatomical distribution
of the lesions. However, it is not able to demonstrate the presence of endome-
triosis outside the peritoneal cavity, the appearance in early puberty, newborns,
women affected by the Mayer-Rokitansky-Kiister-Hauser syndrome or in the
male [2, 3].

2.1.1.2 Theory of hematogenous or lymphatic dissemination of endometrial tissue
(Halban theory)

It is based on the demonstration of ectopic endometrial tissue in locations dis-
tant from the uterus such as brain, lung, inguinal region, etc. However, on its own it
is not capable of resolving its adhesion and progression capacity [2].

2.1.2 Origin of extrauterine endometrial endometriosis
2.1.2.1 The theory of coelomic metaplasia (Meyer’s theory)

The peritoneum and endometrium appear to have a common embryological pre-
cursor that is the coelomic epithelium. Dioxins are proposed as a possible external
chemical agent that acts as an endocrine disruptor. This theory could explain why
although most women have some degree of retrograde menstruation only a small
percentage have endometriosis, as well as the presence of the disease in the absence
of menstruation [3-5].
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2.1.2.2 Theory of endometrial stem cells

Stem cells in the circulation from bone marrow or from the basal layer of the
endometrium could differentiate into endometrial tissue at different locations even
from a distance. This theory would explain why women without endometriosis can
have endometriosis, men with prostate cancer or after treatments can have high
doses of estrogen [3, 4].

2.1.2.3 Theory of the Miillerian remains

Residual cells during embryonic development maintain the ability to develop
endometriotic lesions influenced by estrogen stimulation [7].

2.1.3 Genetic predisposition

Endometriosis has a hereditary component. Susceptibility loci of the disease have
been established in the 10g26 and 7p15 chromosomal regions. The endometrial cells
need to adhere to each other and to the peritoneum, and integrins and cadherins
participate in this process. Likewise, there is an upregulation of the antiapoptosis
gene BCL-2 [5-7].

2.1.4 Hormone dependence

Endometriosis is an epigenetic disease in which the steroidogenesis factor 1, the
estrogen, and progesterone receptors are hypomethylated in the ectopic endome-
trium causing a greater estrogenic effect locally. The endometriotic implants express
aromatase and dehydrogenase of 17B-hydroxysteroid type 1, which are the enzymes
responsible for converting androstenedione to estrone and estrone to estradiol. At
the same time, there is a deficit of 17B-hydroxysteroid type 2, an enzyme respon-
sible for deactivating estrogen (passes estradiol to estrone), and estrogen receptors
a and p are expressed differently, with a marked increase in p receptors, favoring all
this a greater estrogenic environment [8-10].

2.1.5 Resistance to progesterone

Normal endometrial tissue does not express aromatase and produces abun-
dant dehydrogenase and 17B-hydroxysteroid type 2 in response to progesterone,
ensuring the attenuation of estrogenic effects at the endometrial level during the
luteal phase. In endometriosis, there is a relative resistance to progesterone that
prevents the attenuation of the estrogenic stimulus. Prostaglandin E2 is the most
potent inducer of aromatase activity in endometrial stromal cells and acts through
the PGE2 receptor. The estradiol produced by the increased activity of aromatase
increases the production of PGE2 for the stimulation of cyclooxygenase 2 in the
endometrial cells of the uterus, causing a positive feedback that accentuates the
estrogenic effects on the production of endometriosis [9].

2.1.6 Immunological factors

Different studies have shown the possibility that alterations in the immune system
are responsible for the persistence of the ectopic endometrium, preventing immune
mechanisms from eliminating endometrial cells within the peritoneal cavity [2].

These studies have shown a greater number of macrophages with altered func-
tion and alterations in the function of the natural killer cells, with a lower cytotoxic
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activity, in turn an alteration in the humoral immunity to observe an increase in
the concentration of IgG endometrial antibodies as well as IgG and IgA antibodies
against endometrial and ovarian tissue.

2.2 Pathogenesis of endometriosis

Regardless of the mechanism that promotes endometriosis, it is a fact the pres-
ence of endometrial cells with the potential to be implanted in the receptors tissues,
especially in the mesothelium of the pelvic cavity.

In the pathological process of endometriosis in the pelvic organs such as the
ovary, the clinical consequence is the formation of chocolate cysts, which can be
explained in different ways: (i) during each hormonal cycle, bleeding occurs in the
endometriosis accumulation, with an inversion and invagination of the epithelium.
At the same time, a cellular inflammatory process begins with adhesions to the
surrounding peritoneum. (ii) Chocolate or endometriosis cysts affect the follicular
cyst of the ovarian epithelium. (iii) A process of celomic/endometriosis metaplasia
of the ovarian epithelium.

At the peritoneal level, especially in the rectovaginal septum, a natural evolution
of the peritoneal endometriosis of the Douglas pouch may be caused by secondary
infiltration of endometriosis emboli or metaplasia of embryonic/miillerian remains
located in the rectovaginal septum [10].

A permissive peritoneal environment for the initiation and progression of endo-
metriotic lesions may also be associated with the altered function of immune cells,
together with local pelvic inflammatory processes that aid in the evasion of clear-
ance by the immune system. In addition to the amount of menstrual endometrium
reflux present in the peritoneal cavity, the altered secretion of immune factors, the
formation of autoantibodies, impaired immune recognition, and the elimination of
ectopic endometrial cells facilitate the initiation and progression of endometriosis.
Laschke and Menger suggest that the “gut microbiome” or “microenvironment”
could be crucial in the pathogenesis of endometriosis through the aberrant priming
of immune responses [11].

2.3 Local microenvironment, exosomes

The endometrial lesions are composed of the same structural units as the lining
of the uterus, the endometrium. This glandular epithelium is positive for cyto-
keratin and is apparently composed of two cell types, namely, positive E-cadherin
and very few negative E-cadherin cells. The endometriotic stromal cells express
mesenchymal markers such as vimentin and THY-1 and can be distinguished from
the surrounding fibroblasts by, for example, expression of the CD10 metallo-endo-
peptidase membrane (common acute lymphocytic leukemia antigen).

The adhesive, proliferative, and invasive properties of the endometriosis
conjunctive tissue, as well as the cellular functions of this epithelium can be related
to the components of its extracellular matrix [13, 14].

Thus, in the pathogenesis and progression of endometriosis, the local micro-
environment is vital to understand how endometriosis cells adapt to the control
mechanisms of their host, escaping from immunological detections. The cell-stro-
mal intercommunication through paracrine, hormonal, and angiogenic messengers
is vital for the perpetuity of endometriosis tissue [15-17].

In a model by Hull et al., comparing the microarray data obtained from a
xenotransplant model and eutopic versus ectopic endometrial paired samples, they
identified alterations in four pathways: cell injury (ubiquitin/proteasome), inflam-
mation (NFkB), tissue remodeling (TGF-B), and cell proliferation (KRAS). There is
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thus an extensive metabolic reprogramming and the acquisition of changes similar
to cancer that are reflected in an increase in the capacity of penetration and cellular
penetration, a reduced apoptotic potential and an altered immune function [16].

The local microenvironment could also influence by altering gene expression
through, for example, epigenetic changes (DNA methylation), histone modifica-
tions, and miRNA. The molecular networks associated with endometriosis are
regulated by miRNA at the posttranscriptional level. In fact, 22 miRNAs aberrantly
expressed in endometriotic lesions have been identified. In addition to differentially
expressed miRNAs, the altered DNA methylation pattern occurs during the onset
and/or progression of endometriosis. Since endometriosis is an estrogen-dependent
but progesterone-resistant condition, it is not surprising that its respective pro-
moter regions are affected accordingly [17].

In addition to the epigenetic modifications, endometriotic cells also present
chromosomal abnormalities and instability that could alter gene expression by loss
or mutations of DNA sequences expressed as alterations in the signaling pathways
in endometriotic cells (regulatory proteins) [8, 12, 13].

Endometriosis cells release extracellular vesicles, such as exosomes and microves-
icles, composed of various types of plasma membranes and origin of endosomal
membrane, which are an alternative source for intercellular communication as they
contain, for example, miRNAs with target genes in signaling pathways connected to
the embryo-endometrial interface or enzymes and are capable of modulating cellu-
lar responses, for example, survival, differentiation, or modulation of immunogenic
responses, important for endometriosis during implantation [18-23].

Exosomes containing ectonucleotidase could contribute to the progression
of endometriosis and the local suppression of immune responses by regulating
extracellular ATP and increasing extracellular adenosine levels [17].

They can also exert enhanced angiogenic effects. It is likely that the endometrial
exosomes can be directed retrogradely in the pelvic cavity or can be detached by
the menstrual cells and influence the fate of the ectopic cells. Thus, in the control
of the local microenvironment, exosomes could be an important factor in allowing
a temporary endometriotic lesion to establish a sufficient blood supply to grow and
survive in the ectopic site. The endometrial exosomes of women with endometriosis
act in an autocrine, paracrine, and endocrine fashion but in turn may play a role in
the manifestation of endometriosis as a disease.

Diaphonia within the local microenvironments through the exosomes can rep-
resent the union intersection where the different theories about the pathogenesis of
this entity converge. They could, through their ability to send information between
tissue strains, to induce changes such as metaplasias, tissue remodeling, and even
represent a mechanism of regulation/alteration in signal transduction [18].

2.4 Phenotype and cytogenetics of endometriosis

Ectopic endometrial cells have been little investigated, mainly due to the rare
availability of endometriotic tissue required for cell culture and the limited num-
ber of cells, particularly those of epithelial phenotype. The proposed in vitro cell
models have their limitations since the endometriotic lesions are histologically
complex and contain both glandular and stromal elements. Therefore, cell lines
immortalized with a cell type, which normally exhibit characteristics of undifferen-
tiated cells, do not accurately represent the situation in vivo. Thus, to evaluate the
endometriosis phenotype, the cultures are prepared in general from biopsies of the
various lesions [22, 23].

Among epithelial markers, cytokeratin expression remains one of the most
specific characteristics of endometriosis cells. More than 40% of the cells were
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immunoreactive with the anti-progesterone receptor (PR) antibody which shows a
brown nuclear stain produced by the diaminobenzidine colorimetric reaction. Less
than 15% are immunoreactive with the anti-androgen receptor antibody. Cytokeratins
such as vimentin were expressed in endometriotic stromal cells. Therefore, most

of the phenotypic characteristics of the normal endometrium are conserved in the
endometriosis cells.

The existence of genomic aberrations in the tissues of endometriosis is probably
related to genes involved in the development of the disease. Most genetic changes
occur as germ line defects that can result in a hereditary predisposition to the devel-
opment of endometriosis with a genetic basis for endometriosis. The prevalence of
the disease is higher in first-degree relatives of affected women than in the general
population [21-23].

2.4.1 Chromosomal abnormalities observed in endometriotic cells, loss of
heterozygosity

For decades, it has been a challenge to obtain consistent results on genetic
abnormalities in endometriosis cells. The information produced by conventional
cytogenetic and karyotypic studies is limited. The culture of pure endometriotic
cells is hampered by the mixture of epithelial and stromal cells in addition to the
inflammatory infiltrate containing fibroblasts and histiocytic cells; in addition,
there may be excessive growth of normal cells [24].

Despite the difficulties, cytogenetic analysis plays an important role in the
understanding of endometriosis, being the only technique that has the capacity to
identify new chromosomal translocations, monosomies, and trisomies in chromo-
somes 11, 16, and 17.

Somatic genetic changes have been detected, distributed along several chromo-
somes, including chromosome 9p, 11q, and 22q. There have been allelic imbalances
in 82% of endometriotic lesions diagnosed simultaneously with ovarian carcinoma.

These genetic studies have the limitation of having an adequate amount of
endometriosis tissue from the patient and a simile of normal tissue to be used as
control tissue, and in turn they have been limited to evaluating specific areas of the
genome (detect loss of part of a chromosomal arm). But even so, they have been
sufficiently useful to define the importance, in the development of endometriosis,
of the inactivation of one or more suppressor genes [24-28].

2.4.2 Genetic aberrations by FISH: fluovescent in situ and hybridization
comparative genomic hybridization

FISH is a technology that uses DNA probes labeled with a fluorophore to detect or
confirm gene or chromosomal abnormalities that are generally beyond the resolution
capability of routine cytogenetics. First, the DNA sample (metaphase chromosomes
or interphase nuclei) is denatured, a process that separates the complementary
strands of the double-stranded structure in the DNA double helix. To the denatured
sample is then added the probe of interest, which will be associated to the DNA of
the sample at the target site, in the process called hybridization, where a double helix
is re-formed. The probe is covalently linked (labeled) with a fluorophore, which
emits an observable signal through a fluorescence microscope; thus the DNA sample
can be classified according to the presence or absence of the signal, which reveals the
presence or absence of the target sequence in the chromosomal DNA.

Comparing the genetic analysis with the FISH analysis, we can see that the FISH,
by not requiring endometriosis cell culture and avoiding the inconveniences of cel-
lular heterogeneity, has been more effective in revealing clonal aberrations such as
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monosomy for chromosomes 16 and 17 and an increase in the number of cells with
trisomy 11 [29-33].

The comparative genomic hybridization by arrays (CGH-a) allows to realize
a molecular karyotype and detect alterations inferior to 10 Mb throughout the
genome. The genomic DNA of the sample and a control sample are differentially
labeled with fluorescent dyes and hybridized with the oligonucleotides. The results
are analyzed using quantitative methods with analysis software to determine the
number of copies. It will not detect low-level mosaicism, balanced translocations,
inversions, or point mutations that may be responsible for the clinical phenotype.

This microarray analysis uses approximately 180,000 oligonucleotides that cover
the entire genome at an average resolution of 30 KB, 1714 genes with all the exons
covered, 700 microRNAs, and the entire mitochondrial genome [38, 39].

Through CGH-a, primary endometriotic lesions have been examined for gains
and/or chromosomal losses. The losses that predominated over the gains showed
a grouping in certain chromosomal regions that suggests a recurrent non-random
pattern of chromosomal alterations.

The average number of alterations of the copy in our series of endometriotic
tissues was 3.1 per injury, which is low compared to malignant tissues [21].

The most common regions of loss of genomic material have been located in 1p
involving at least 1p32-36 (50%), 5p (33%), 6q (27%), 7pl4-p22ter (22%), 16qter
(22%), and 22q12.3-qter (50%) segments. The other less common changes in the
number of copies included the loss involving the arms of chromosomes 9q (22%), 16q
(22%), and 17q [21, 22, 24-29, 33].

Chromosome 1 deletions were particularly common in all types and stages of
endometriosis tissues, including peritoneal implants, endometriomas, and umbili-
cal nodules. The gains were found less frequently and were located on chromosomes
6q and 17q. Several novel regions located on chromosomes 1p, 6q, and 22q that
could harbor single or multiple tumor suppressor genes involved in the pathogen-
esis of endometriosis have been identified [38, 39].

2.4.3 Chromosomal instability in endometrial lesions

Chromosomal instability in endometrial lesions is the alteration of the chromo-
somal constitution that takes place in diverse pathological conditions: fundamental
characteristic of the neoplasic cells (the majority of the malignant and benign
tumors), precancerous lesions (dysplasia, leukoplakia, and cystically altered tis-
sues), chronic inflammatory conditions, infectious diseases, and diseases induced
by viruses (herpes, HPV, EBV, etc.).

Genomic instability is mainly caused by chromosomal alterations in non-
neoplastic precursor lesions and mutation of the P53 gene, and in errors in DNA
replication detected by the instability of microsatellites (deficiency in the repair
mechanism of DNA mismatch) [34, 35].

Endometriosis tissues present this instability, through the presence of chromo-
somal copies, numerical changes, chromosomal deletions, translocations, the presence
of endomitosis, premature centromeric dislocations, and the presence of micronuclei.

The loss of essential genes or even of whole chromosomes explains the high
invasive potential of endometriotic cells. The genomic alterations (rearrangements)
initiated can be a primary event that facilitates the initiation and dissemination of
endometriosis. It is the alteration of the chromosomal constitution that takes place
in diverse pathological conditions: fundamental characteristic of the neoplasic cells
(the majority of the malignant and benign tumors), precancerous lesions (dysplasia,
leukoplakia, and cystically altered tissues), chronic inflammatory conditions, infec-
tious diseases, and diseases induced by viruses (herpes, HPV, EBV, etc.) [34-37].
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3. Conclusions

Endometriosis, even when in essence it is not a mortal disease, is a major health
problem in general due to the disability it causes in young and fertile women, in full
reproductive stage.

Genetic factors play a predominant role in approximately one-third of chronic
disorders in adulthood,; so, it is logical to think that endometriosis in turn presents
a genetic etiology. Genetic diseases in general can be chromosomal, monogenic, or
multifactorial. Currently, epigenetics attempts to explain genetic and environmen-
tal interactions and studies changes in gene expression mediated by mechanisms
other than the sequence changes of their nucleotides. These epigenetic changes
include DNA methylation, histone modification, and interfering RNA. Epigenetic
alterations are associated with inflammation and persistence of the lesions. The
results of research on the role of these changes in endometriosis are very valuable in
the design of future therapeutic strategies.

Currently, epigenetic studies based on FISH technology and comparative genomic
hybridization have shown important chromosomal alterations, especially in chromo-
somes 1, 16, 17, and 22, and it is believed with greater certainty that they are the loci
involved in the persistence and progression of chromosomes. Endometriosis cells.

It is in these locations where there has been an instability of DNA information
through mechanisms of deletions, translocations, which have led on the one hand
to the loss of important genomic information (loss of heterogizity) in endometrial
diploid cells, fundamental alterations in the self-regulation, and apoptosis of these
aberrant endometrial cells, by mutations as occurs with the P53 gene. These altera-
tions not only occur in the endometriosis cell but are capable of being transmitted
to other cells either in an autosomal manner when replicated, or through shared
information through a microenvironment mediated by exosomes.

For the researchers, the process of analyzing cultured cells that reproduce the
epigenetic changes of an endometriosis cell in vivo has been a feat, but the results of
the investigation of the role of these changes in endometriosis have been very valu-
able and will be useful in the design of future therapeutic strategies (Figures 1-3).

Figure 1.
Exosomes containing ectonucleotidase could contribute to progression of endometriosis.
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Figure 2.
Clonal aberrations detected by FISH.
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Figure 3.
Summary of alterations in endometriosis.
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Appendices and nomenclature

Exosomes: are cell-derived vesicles that are present in many and perhaps all
eukaryotic fluids, including blood, urine, and cultured medium of cell cultures.

Cadherin: is a group of cellular adhesive (membrane glycoprotein) that keeps
cells tightly bound in time, favoring the organization of tissues and organs, facili-
tating the mobility of heterogeneous groups of cells.

Phenotype: A phenotype is the composite of an organism’s observable charac-
teristics or traits, such as its morphology, development, biochemical or physiologi-
cal properties, behavior, and products of behavior.
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Cytokeratin: are keratin proteins found in the intracytoplasmic cytoskeleton
of epithelial tissue. They are an important component of intermediate filaments,
which help cells resist mechanical stress.

Heterozigosity: A heterozygote is an organism that has different alleles in a
gene. This organism carries different forms of a gene, where those forms produce
different phenotypic results. In each case, the same gene has slight variations.

Hybridization: is the process of interbreeding individuals from genetically
distinct populations to produce a hybrid. A genetic hybrid would therefore carry
two different alleles of the same gene.

Monosomy: the condition of having a diploid chromosome complement in
which one (usually the X) chromosome lacks its homologous partner.

Trisomy: is a type of polysomy in which there are three instances of a particular
chromosome, instead of the normal two. A trisomy is a type of aneuploidy (an
abnormal number of chromosomes).

Deletion: is a mutation (a genetic aberration) in which a part of a chromosome
or a sequence of DNA is lost during DNA replication. Any number of nucleotides
can be deleted, from a single base to an entire piece of chromosome.

Translocation: is a chromosome abnormality caused by rearrangement of parts
between nonhomologous chromosomes. A gene fusion may be created when the
translocation joins two otherwise-separated genes.
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Chapter 3

Proteomics Research and Its
Possibility of Application in
Endometriosis

Ningning Wang

Abstract

The onset search for differential protein expression in endometriosis commenced
more than 30 years ago, when the gel electrophoresis could not be available to distin-
guish serum from women with and without disease. Gradually as the proteomics allows
the comprehensive analysis of peritoneal fluid, serum and tissue samples with good
sensitivity and resolution, it has promised in delivering markers possibility associated
with endometriosis. Cytokines and growth factors that are present in serum, peritoneal
fluid, endometrium, endometriotic lesions tissues and involved in tissue implant-
ing process including hormone regulation, angiogenesis, invading and malignancy
may be the focus to develop the noninvasive diagnostic test and possible treatment
target for endometriosis. Individual peptides or proteins that are present or absent (or
up- or down-regulated) in various conditions can be assessed as possible biomarkers.
Alternatively, proteomic profiling, using mass spectrometry in combination with bioin-
formatics software to identify the actual protein and peptide pattern can be used asa
distinctive marker to diagnostic and treatment target contribution to the disease.

Keywords: diagnosis, treatment, endometriosis

1. Introduction

Endometriosis (EM) is defined as a benign condition of gynecological diseases
when endometrial debris including gland and stroma components outside the
uterus and spread to pelvis and extrapelvic sites. It affects at least 10% reproductive
women with approximately 70% of cases developing pelvic inflammatory disease
and 25-30% of cases associated with infertility [1]. The classical symptoms are
dysmenorrhea, chronic pelvic pain, and ovarian chocolate cysts.

Till now, the pathogenesis of endometriosis is unclear. The retrograde menstrua-
tion is the basic theory which the menstrual fragments mostly attach to the perito-
neum or ovaries area [2]. Whereafter endometriosis mainly responds to fluctuations
in estrogen and progesterone by growth and inflammation. And endometriosis
mostly involves in the reproductive tract components, such as ovaries, fallopian
tubes, uterosacral ligaments, cervix, recto-vaginal septum and vagina. There are
commonly exhibited with fibrous walls, adhering to the neighbor structures and
usually containing chocolate-colored content. Therefore the affected organs are
forming together with serial symptoms-dysmenorrhoea, ovarian chocolate cysts
and infertility are often found in the patients. Recently, stem cell theory can be
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considered as perspective view of the retrograde menstruation theory [3]. Other
theories like immune system dysfunction, genetic susceptibility and exposure to the
environment such as dioxins can devote to the progress of the disease [4, 5].

Generally, severity of endometriosis is classified by the revised American
Fertility Society (rAFS) system [6], dividing patients into one of four stages (I-IV,
minimal-severe) based on lesion size and pelvic adhesions associated with infertil-
ity. However, it remains uncertain whether the disease progresses through these
stages. Actually some surgeon would prefer to stage on the basis of the sites and
extent of the lesions under the laparoscopy or laparotomy and describe without
AFS or r-AFS stage. Sometimes they may give some complementary suggestion [7].
Meanwhile, endometriosis has a variable symptom profile which does not relate
with severity of this disease [8]. Furthermore, the patients often suffer from the
symptoms of infertility or chronic pain for several years before the diagnosis is
lately confirmed. So it makes the clinical diagnosis even more difficult. And actu-
ally there has been a lack of precise diagnosis method in previous researches. On
the aspects of clinical application and financial consideration, more effective and
noninvasive test will be needed in endometriosis disease.

Currently, laparoscopy offers the most widely accepted technique and method
for evaluating and treating endometriosis. And most of endometriosis patients are
treated by surgical removal of lesions and/or hormonal suppression focused on
reducing estrogen, such as progestins, androgens, gonadotropin-releasing hormone
(GnRH) agonists, and recent aromatase inhibitors. However, both approaches
are associated with various side effects and a highly recurrent incidence [9, 10].
Therefore, identification of protein molecular mechanisms involved in the patho-
genesis of endometriosis and strategic therapies for treatment are critical.

2. Protein molecular mechanism involving in endometriosis

There should be some factors present in the ectopic lesions of endometriosis,
peritoneal fluid and blood that stimulate the lesion to proliferate, implant and invade
[11, 12]. And comparing with eutopic endometrium, endometriosis lesions has
different biochemical and functional expression including steroid receptivity and
invasive potential [13]. Over all, the specific markers of endometriosis may be classi-
fied into three main categories: (i) serum and/or peritoneal: growth factors, cytokines,
hormones, glycoproteins, proteolytic enzymes and their specific inhibitors, soluble
adhesion molecules, autoantibodies and environmental contaminants. (ii) endometrial
and biochemical-endometrial: stromal, glandular, neuronal, hormonal receptors,
mesenchymal stem cells, proteolytic enzymes and their specific inhibitors, adhesion
molecules, osteopontin. (iii) genetic types: oxidative stress genes, tumor suppressor
genes, oncogenes, regulatory genes, DNA repair genes, chromosomal aberrations or
amplifications, loss of heterozygosity, genetic polymorphism of variable genes, and
genome-wide alterations. And we show the focus continuously.

2.1 Hormones regulation proteins in the pathogenesis of endometriosis

Steroid hormones play an important role in endometriosis physiology and
pathology. The production of cytokines in endometriosis is the altered responsive-
ness to progesterone, showing a characteristic very low expression of progesterone
receptor A (PR-A) and the absence of PR-B in rodent models, and with decreased
PR-B/A ratio and reduced PR-B immunoreactivity, demonstrated in human
endometriosis lesions [14, 15]. Hormonal dependence in endometriosis is demon-
strated by an increased ER-f expression (approximately 100 times), due to altered
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methylation in the ESR2 gene promoter [16]. In experimental model of endometrio-
sis, ER-p may be involved in inhibiting apoptosis and increasing cytokine produc-
tion in endometriosis, such as MCP-5, IL-1b and IL-16, which seem to enhance

cells adhesion and proliferation [17]. The secretion of PGE2 is regulated by MIF
through stimulating COX-2 activity. PGE2 is considered to be one of the main pro-
inflammatory regulating factors which appears to be confirmed by its elevated level
in endometriosis tissues of human being [18].

2.2 Proteins of angiogenesis process of endometrial tissue

On behalf of endometriosis lesions, neovascularization and angiogenesis factors
should be introduced. Angiogenic factors such as VEGF [19], ENDO-I [20], angio-
genin [21], pleiotrophin, midkine [22], PGF [23], angiopoietin [24], and glycodelin
[25, 26] have been identified association with the lesions angiogenesis in endo-
metriosis. Angiogenic activity is supplemented by the co-existence of pathologic
angiogenesis, immune suppression, and immune activation. Study from human
being indicated the correlation between high MVD and symptom of pelvic pain in
patients with endometriosis by transvaginal color doppler ultrasound evaluation.
MVD has been described using immunohistochemical evaluation with CD34-
labeled endothelial cells of vessels [27, 28]. There was no significantly increased
VEGF expression but it has been found in the involvement of other angiogenic fac-
tors with the active implants showing high mitotic index and increased MVD [27].
Further findings were reported in other articles that VEGF-A role was demonstrated
by its increased concentrations in the endometrium of patients with endometriosis.
Moreover, it was confirmed that the expression of VEGF-A gene was higher in
peritoneal endometriosis compared with normal peritoneum [29].

2.3 Proteins in invading process of endometrial tissue

In endometriosis, after the attachment to the ectopic sites, the epithelial endome-
trial cells invade to the extracellular matrix with MMPs and TIMPs secretion playing
an important role in degradation in extracellular matrix and basement membrane
components [30]. It has been proved that this process is related to the involvement of
MMPs, which is stimulated by TNF-a and IL-1 at high concentrations in peritoneal
fluid. Meanwhile, TNF-a inhibits TIMP-1 and TIMP-2, leading to an imbalance of
MMPs/TIMPs ratio. In patients of endometriosis, MMP-2 and membranous type 1
of eutopic endometrium have been found higher, TIMP-2 was lower than normal
women [31]. Increased MT5- MMP expression and alterations of the balances
between MMP-9/TIMP-1, MMP-9/TIMP-3, MMP-3/uPA, VEGF/MMP-3/uPA,
VEGF/ /IMMP-2/CD44/Ki67, PAI/TIMP-1, and IL-1/ /MMP-1 indicated that implan-
tation and invasion might participate the mechanism of endometriosis [32-38].

2.4 Proteins in carcinogenesis possibility of endometriosis

Clinicopathological, molecular, and genetic evidences support the hypothesis of
endometriosis as a neoplastic process, with a potential to malignant transformation.
Polypoid endometriosis, premalignant changes, borderline tumors and malignant
tumors were described. Except for an increased MMPs expression associated to
deregulation of the intercellular adherence signaling, tumor suppressor genes,
oncogenes, CAMs, furthermore LOH and inflammatory immunomodulation were
detected [39, 40]. The progressive accumulations of genetic alterations of tumor-
suppressing genes and oncogenes are probably responsible for endometriosis devel-
opment and its possible association with the development of malignancies [41-45].
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2.5 Proteins involving in peritoneal fluid and plasma of endometriosis

Most of researches have demonstrated that macrophages, lymphocytes, endo-
metrial cells and mesothelial cells are able to produce cytokines and inflammatory
mediators such as ILs [3, 46, 47], TNF-a [48], PGF2, PGE2 and thromboxane B2 [49],
MCP-1 [50], RANTES [51], eotaxin [52], GROa [47], SDF1 [53], and MIF [50, 54].
The main process is leading to the stimulation of endometriotic cells proliferation
and adhesion to ectopic sites, angiogenesis, and stimulation of the release of other
cytokines and chemokines, later amplifying their effects.

Macrophages can amplify the activity of COX-2 and PGE2, which results in
VEGF stimulation in endothelial cells from endometriotic lesions, together with
factor StAR, association with an increased estrogen level in the endometrial tissue
[55-57]. PGE2 suppresses the activity of phagocytes, that allowing endometriotic
implants formatting [58]. Estrogens and PGE2 can induce FGF-9 expression which
can further activate endometrial cells proliferation, paralleling to the stimulation of
angiogenesis and apoptosis inhibition at the same time. Lymphocytes are involved
in various cytokines production with potential role in endometriosis lesions
implanting. Whether in vitro study or in human endometriosis, Th2 cells of perito-
neal fluid were shown to stimulate the secretion of IL-4 and IL-10. NK cell-medi-
ated cytotoxicity, commonly manifested by lymphocytes adherence to endometrial
cells through LFA-1 — ICAM-1 pathway and their presentation as targets to NK
cells, may fail in endometriosis [59, 60]. This indicated the possible mechanism that
sICAM-1 may bind to LFA-1 expressing in lymphocytes can prevent endometrial
cells recognition involved in endometriosis pathogenesis.

TNF-a is a typical pro-inflammatory cytokine produced by macrophages, which
can exhibit high levels in serum and peritoneal fluid of patients with endometrio-
sis [61, 62]. Recent studies have shown that TNF-a-induced activation of IKKb
complex leads to the initiation and progression of endometriosis by enhancing the
survival rate of ectopic epithelial cells rather than stromal cells and not eutopic
epithelial cells [63]. MIF, another cytokine, has been shown a high level in the
peritoneal fluid, in serum samples, and in peritoneal macrophages, its secretion
being regulated by estrogens in endometriosis [85]. MIF can stimulate endothelial
cell proliferation, endometriotic lesions survival, expressing VEGF, IL-8, PGE2,
COX-2, MCP-1, aromatase, and resulting back in stimulating TNF-a in endometrial
cells [18, 64]. That is why in experimental models, MIF antagonist significantly
reduces lesions size of endometriosis by inhibiting cell adhesion, tissue remodeling,
angiogenesis, and inflammation, in addition to routine alteration of the balance
between pro- and anti-apoptotic factors [65].

3. Progress in proteomics

It is recognized that gene expression changes does not reflect the changes in protein
expression within the cell. Better tools are needed to accurately probe the protein
activities and levels. Protein arrays are arguably underachieving their potentials as
they are perceived not as precise as DNA arrays. Functional proteomics still holds
great promises that it could result in greater understandings of the mechanism of
disease. The goals proteomics of diseases are to improve molecular classification of
diseases and to discover molecular biomarkers for their diagnosis, treatment target
and following up [66-68]. Better tools are needed to accurately calculate the protein
activity levels. Protein arrays (used synonymously with protein microarrays or protein
biochips) are one of the solutions to the high throughput study of protein interaction
networks or immune reactivity [69-71]. Mass spectroscopy (MS) [72], relies mainly
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on the mass-to-charge ratios to distinguish different proteins. It is widely used as a dis-
covery tool of diagnostic, prognostic, and therapeutic protein biomarkers. Moreover,
it does not need to identify molecules. And protein arrays depend on the availability of
specific recognition molecules. MS-based methods can simultaneously screen numer-
ous proteins, but its sensitivity is approximately 1 ng/mL. Emerging protein arrays
based on magneto-nanosensors enable to study many proteins to proteins interactions
simultaneous easily with sensitivity low than about 1 pg/mL. Proteomic researches
mainly includes the 2-DE reference map and a database by proteomic comparison
between healthy persons and patients. Comparing to western blot, 2-DE can be used
to find out autoantigens that may induced autoantibodies in some diseases.

3.1 Protein arrays

Protein arrays with antibodies are developing a tool for rapid measurement of
abundance of proteins expression. It makes the possibility to screen the aimed proteins
changes in different diseases and biological processes. In most cases, this approach
depends on exposing serum samples from patients to an ordered array of antigens,
capturing those antibodies that bind the antigens on the arrays. Immobilization of
proteins on the surface of arrays and neutralizing reactive areas after the immobiliza-
tion are important practical issues in protein array. Many different types of proteins
arrays such as antibody arrays and peptide arrays have been reported [73]. It starts
research in breast cancer and leukemia [74, 75]. Recently, one of the protein array
technologies is the magneto-nanosensor array where giant magnetoresistive (GMR)
[76] sensors are used to quantitatively measure analyte of interest proteins which
are labeled with magnetic nanoparticles (MNP). Another emerging protein array
technology is Nucleic Acid Programmable Protein Arrays (NAPPA) [77], which have
thousands of protein features directly expressed by nucleic acids on array surface.

More attentions have been paid to the role of protein arrays in medicine. They can
be used for early detection of diseases, diagnosis of stages, stratification of patients,
and prediction of therapeutic effects, and are increasing realization of the vision of
personalized medicine. For cytokine measurements, protein arrays should be improved
in both functional sensitivity and probe density. Till now, the arrays have two major
drawbacks: first, they are biased, because antigen selection is based on their potential
to play a role in disease. Secondly, the analytical comprehensiveness of this technique is
limited because only the molecules represented on the array can be identified.

3.2 Mass spectrometry (MS)

In the past few decades, the paradigm of biomarker research has shifted from
a hypothesis-driven approach to a discovery-driven approach. Mass spectrometry
and separation techniques and proteomics methods have been fully developed and
have been common. Particularly when two-dimensional liquid chromatography/
tandem mass spectrometry, or two-dimensional gel electrophoresis (2-DE) and
matrix laser desorption ionization time of flight mass spectrometry (MALDI-
TOF-MS) combination, followed by database search (sequence tags or peptide mass
fingerprints) are widely used. These methods greatly increase the comprehensive-
ness of protein identification.

Identify disease-associated antigens can elicit through immune responses by
combining protein separation (2-DE, gel-free separation), immunological detection
(Western blotting) and MS, or combining immunocapture and MS [78]. Proteins
derived from cells or tissues (e.g., cancer cells) are separated by 2-DE, and antigen
proteins are detected by applying patient serum, which may include disease-specific
antibodies followed by enzyme-labeled secondary antibodies. In order to identify
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immunogenic proteins, the corresponding spots are separated from the gel and
gels were digested. MS or tandem mass spectrometry is used for analysis and then
analyzed by peptide fingerprinting or sequence tags method.

3.2.1 Isotope-coded affinity tagging multidimensional LC-MS

LC-MS makes identification and quantification of target protein possible in a
large and complex sample and most of the time it may not be achieved in the clinical
work. However, it will be useful when proteins are limited in a sample and at pres-
ent this method will be considered as a supplement to 2-DE gel [79, 80].

3.2.2 MALDI-MS

Antigen analysis of immunocapture MS is derived from the immobilization of
antibodies in the serum of patients. Almost all antibodies are captured on protein
A or G, which is a bacterial derived protein with specific affinity for the Fc domain
of the antibody. Protein mixtures (cell or tissue lysates) are applied to a column or
bead immobilized with antibodies to capture specific antigens of antibodies pres-
ent in patient samples. Finally, the proteins were identified by MALDI-TOF-MS
or surface enhanced laser desorption/ionization mass spectrometry (SELDI-MS).
In SELDI-MS, the protein is enzymatically cleaved into a peptide mixture and
undergoes MS. It can be a fully automated system allowing high-throughput and
rapid identification. MS afford a method to identify a protein even from a complex
mixture of proteins [81, 82]. It is preferred and an applicable for a pure protein or a
single spot for 2-DE gel.

3.2.3 Surface-enhanced laser desorption/ionization (SELDI-MS)

Chemical defined or antibodies-coated protein biochip arrays for rapid protein
detection. This system is used when small amount of samples is available. Very high
surface expression of the immunoglobulin binding protein (proACTR) as the antigen
capture and transfer reagent [83]. ProACTR can immobilize the antibody through the
Fc region of antibody, and allows for higher capture capacity than antibody-coated
beads. Captured antigens can be directly transferred to a platform for MS analysis
(SELDI-TOF-MS). It starts its diagnosis research with post-translationally modified
proteins and high-throughput technique in breast cancer, lung cancer and prostate
cancer. Unfortunately, it does not allow reliable protein sometimes [84, 85]. To the
best of our knowledge, immunoproteomics with proACTR has not yet been applied
to profile antigens associated with a certain disease, but mainly to the quantification
of a single target [86, 87].

4. Applications and experiences in the past

The 2-DE for tissue sample is more complex than that for serum. Tissue
from ovarian chocolate cysts or from eutopic endometrium contains connective
tissues, red blood cells, epithelial cells and stromal cells. Stringent protocols are
adopted to ensure uniformity throughout the process to facilitate the protein
maps. However, the development of robust assay platforms and standardized
protocols are required before MS-based antigen profiling can be performed in the
clinical setting.

28



Proteomics Research and Its Possibility of Application in Endometriosis
DOI: http://dx.doi.org/10.5772/intechopen.81850

4.1 Expression and significance of peritoneal fluid protein in patients
with endometriosis

In 2003, Tabibzadeh et al. [88] used two-dimensional gel electrophoresis to analyze
the protein profile of peritoneal fluid in 12 patients with EMs (6 cases were mild and
6 cases were severe degree). However, 12 cases of non-EMs ascites were analyzed as
control (6 cases of infertility, 6 cases of normal fertile). There was no significant differ-
ence between the infertile controls and the normal fertile control group. However, the
patients with mild EMs had protein reductions associated with several peritoneal pro-
tein spots of approximate molecular weights of 35-40 kD and pI close to 5.7-6.0. and
the reduction in severe EMs cases was more markedly apparent. Consistent with these
data, enzyme-linked immunosorbent assay showed that severe endometriosis was
associated with markedly elevated levels of IL-10 in the peritoneal fluid. Endometriosis
maybe associated with disturbed secretion of proteins into the peritoneal cavity and
with an elevated level of IL-10 in the peritoneal fluid. Most of these proteins have
not been further described in the existing literatures, so it is still unclear whether the
aforementioned results can be used as diagnostic markers for EMs.

Ferrero et al. [89] used two-dimensional gel electrophoresis, silver stained,
semiquantitative computerized analysis the changes of protein expression profile
in the peritoneal fluid and plasma of 72 patients with EMs and 35 infertile control
patients. Compared with the controls, one beta chain isoform (HpbetaE; molecular
weight 38.40 + 0.94 kD; and isoelectric point, 5.63 + 0.17) had significantly higher
expression in women with endometriosis. HpbetaE level was found no significant
difference between mild endometriosis (rAFS, stage I-II) and severe endometrio-
sis (rAFS, stage III-IV). But the expression of HpbetaE in the control group was
obtained to be related to the stage of menstrual cycle. The above studies indicate that
changes in the protein expression profile of patients with endometriosis. In 2007, Liu
et al. [90] used SELD I-TOF-MS technology and its associated protein chip to detect
the plasma protein profiles from 36 patients of endometriosis and 35 healthy indi-
viduals. 21 differentially expressed protein peaks were found and three protein peaks
were established. The endometriosis diagnostic model had a sensitivity of 91.7% and
a specificity of 82.9%, and was performed on 16 healthy subjects and 15 patients.
The sensitivity was 87.5% and the specificity was 80%. It provides an approach for
screening the plasma markers of endometriosis. In 2007, Ferrero et al. [91] used
two-dimensional gel electrophoresis; protein spots of interest were identified by
liquid chromatography tandem mass spectrometry to study the differential expres-
sion of peritoneal fluid proteins in patients with and without endometriosis. Several
molecules had aberrant expression in peritoneal fluid of women with endometriosis
may be useful for a better understanding of the pathogenesis of this disease.

In 2006, Zhang et al. [92] applied two-dimensional gel electrophoresis (2-DE),
Western blotting, and mass spectrometry (MS) technology to study proteins in
endometriosis and normal controls, and analyzed differences using Western blots.
The normal human serum and patient serum were compared with the total protein
of endometriosis. In patients with endometriosis, 13 protein spots were associated
with 11 known proteins, while 11 protein spots were found differently expressed in
the endometrium of patients with and without endometriosis. Some proteins may
be cytoskeleton, some may regulate in cell cycle, signal transduction or immune
function participation. The hybridization of vimentin, beta-actin and ATP synthase
beta subunit in serum of patients with endometriosis was significantly different
from that of normal serum. Three different points were used to determine the pro-
tein expression profile, vimentin, f-actin, and ATP synthase p subunits respectively.
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ATP synthase may play an important role in ectopic endometrium as it needs
invasive, and cell adhesion and cytoskeletal remodeling. Vimentin and f-actin is a
cytoskeletal protein. Studies have shown that the expression of these proteins is up-
regulated in the endometrium in patients with endometriosis. These proteins have a
certain effect on the formation of endometriotic lesions. Given that the occurrence
of endometriosis may be due to an abnormality of eutopic endometrium itself. In
2007 and 2008, Liang [93] and others used surface-enhanced laser desorption/
ionization time-of-flight mass spectrometry (SELDI-TOF-MS) technology to study
serum protein expression in patients with endometriosis and healthy controls. A
diagnostic model consisting of 5 protein peaks was established with a sensitivity of
91.7% and a specificity of 90.0% provides new prospect for screening endometrio-
sis markers. In 2007, Liu et al. [90] also used SELDI-TOF-MS technology to study
plasma protein expression in patients with endometriosis and healthy controls. It
was found that 20 protein peaks were elevated or decreased in both of them. The
sensitivity was 87.5% and the specificity was 80.0%.

4.2 Expression and significance of tissue protein in patients with Endometriosis

In 2006, Kyama et al. [5] used SELD I-TOF-MS technology to find that the
expression of proteins and peptides in the eutopic endometrium of patients with
endometriosis weight range of 2.8-12.3 kDa was 3-24 times lower than the molecu-
lar with non endometriosis. The expression of proteins and peptides in the lesions of
patients with endometriosis had a tendency to increase within the molecular weight
range of 3-96 kDa, and especially an up-regulated cluster of proteins between 22
and 23 kDa, identified to be transgelin, a smooth muscle actin-binding protein. In
2007 Fowler et al. [94] used 2-DE and peptide mass (MS) technology to confirm
that the protein associated with endometriosis. Several deregulated proteins are
identified: (1) chaperones and calcium binding proteins include heat shock protein
90 (HSP90) and annexin A2. (2) Cell oxygenation status related to protein, such
as peroxiredoxin and thioredoxin-1, -2 (thioredoxin reductase-1, -). (3) Proteins
associated with protein/DNA synthesis/decomposition, such as nucleoside diphos-
phate reductase, prohibitin, and proline-4-hydroxylase. (4) Secreted proteins, such
as apolipoprotein Al. (5) Structural proteins such as vimentin and actin, whose
function suggests that they play a role in the pathogenesis of endometriosis. At the
same time, it was believed that the differentially expressed protein spots produced
are identical whether the lysate of the endometrium was aggregated or isolated.
Immunohistochemistry, Western blotting, and biological effects were also used to
validate differential proteins and achieve desirable results. This study demonstrated
that 2-DE gel analysis and mass spectroscopic protein identification are suitable for
the identification of proteins with candidate associations with endometriosis.

4.3 Endometriosis infertility protein detection

Previous result of our group indicated [95] that 76 eutopic endometrial polyps
cases of endometriosis group histologically resembled endometrial polyps but the
majority of endometrial polyps with endometriosis occurred in primary infertility
cases and in fewer pregnancy rate women who had stable and smaller EPs without
association with the AFS stage. The recurrence rate of endometrial polyps with
endometriosis group was higher than that in non endometriosis group. In 2009,
Ferrero et al. [96] reported the peritoneal fluid proteome collected under laparos-
copy from 26 fertile women and 26 infertile ones With endometriosis. One isoform
of immunoglobulin light chain spot and 9 protein spots had been found significantly
higher expression in PF of infertile patients than infertile controls by applied with
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2-dimensional gel electrophoresis (2-DE) with computerized analysis and protein
spots were identified by liquid chromatography tandem mass spectrometry (MS).
No protein spots had significantly lower expression and 3 protein spots remain
unidentified.

4.4 Proteomics detection of animal models of endometriosis

Many animals such as rhesus monkeys, rabbits, and nude mice have been used
as models for studying endometriosis, but most of these animals have no menstrual
cycle, and only primates can spontaneously produce endometriosis with regular
menstrual cycles and menstrual blood flow. Their pathogenesis and pathological
features are similar to those of humans. Monkey experiments have confirmed that
current menstrual bleeding can cause pelvic lesions. In 1991, Sharpe et al. [97] first
reported using two-dimensional electrophoresis (2-DE) to observe that surgi-
cally induced ectopic endometrium in rats lacked progesterone-induced secretory
uterin protein 21 (PUP21, MW 70 kDa, pI5. 7), whereas normal endometrium
expression of the protein suggests that PUP21 deficiency is associated with reduced
fertility in patients with endometriosis. In 1993, Sharpe et al. [98] also used two-
dimensional electrophoresis to study the rat endometriosis implanted by surgery. It
was found that ectopic endometrium specifically expressed two groups of proteins:
ENDO I (MW 40-50 kDa, pI4. 0-5.2) and ENDO II (MW 28-32 kDa, p17.5-9.0).
Further studies using amino acid sequence analysis confirmed that ENDO-2 is
TIMP-1 and ENDO-1 is haptoglobin-like. Studies have shown that endometriotic
lesions secrete haptoglobin in combination with macrophages to reduce their
adherent phagocytic capacity, so that intimal ectopic cells cannot be eliminated,
but haptoglobin can stimulate macrophages to secrete inflammatory cytokines such
asIL-1, — 6 and TNF, IL-6 can up-regulate ectopic endometrium cells to express
haptoglobin, forming a positive feedback in the lesion, thereby promoting the
progression of endometriosis. In the peritoneal fluid and serum of patients with
endometriosis, the concentration of TIMP-1 was significantly reduced. Therefore,
the abnormal expression of TIMP-1 may be one of the causes of the onset of endo-
metriosis, and may become a potential marker for diagnosing this disease.

5. Possible directions in the future

Once we have discovered one or more proteins that are specifically expressed in
patients with endometriosis, the next step is to develop them as a diagnostic test for
it. The diagnostic method must have good sensitivity, specificity, positive predic-
tive value, and negative predictive value. What we need to overcome is not only the
individual differences in the population, but also the differences in specific tissue
protein components and the effects of natural menstrual cycles or hormone effects.
Protein chip, protein array mass spectrometry technique have been used to perform
a comprehensive search of protein expression profiles of endometriosis patients in
order to find a group of proteins with high sensitivity and specificity. Applying the
changes in the expression of this group of proteins to diagnose and predict disease
will undoubtedly bring about a new endometriosis diagnosis field.
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Chapter 4

Progesterone Resistance and
Adult Stem Cells’ Genomic and
Epigenetic Changes in the Puzzle
of Endometriosis

Manuela Cristina Russu

Abstract

Endometriosis is a chronic inflammatory disease under hormonal/non-
hormonal regulation, and microenvironment influences, originating in adult stem
cells (mainly of bone marrow/endometrial progenitor mesenchymal type), and
their exosomes, with special migratory and adhesion capacities. The postmenstrual
repair with regeneration of eutopic and ectopic endometrium has similar genetic
and epigenetic changes versus disease-free women. The competition between ecto-
pic and eutopic endometrium for a limited supply of stem cells, and the depletion
of normal stem cells flux to the uterus is considered the novel mechanism through
which endometriosis interferes with endometrial functions and fertility. The
gene expression DNA/RNA or microRNA changes/dysregulation of estrogen and
progesterone receptors represent a possible explanation of progesterone resistance
or loss of progesterone signalling in ectopic, and eutopic endometrium versus
normal. The genes’ changes involved in hormonal/non-hormonal pathways control
of eutopic/ectopic endometrial cells, and of invaded tissues/organs may explain the
disease persistency, progression and severity. Deficient DNA methylation of ERp,
the initial genomic event is followed by pathologic over-expressed ERp in ectopic
stromal cells, and it dictates the decline of PR isoforms, PRB being significantly
lower in ectopic and eutopic endometrium. Altered expression of ERa, ERf, and
PRs accompanies the conversion of resident normal endometrial cells to ectopic
lesions.

Keywords: endometriosis, progesterone resistance, stem cells, steroid receptors,
genomic, epigenetics

1. Introduction

Endometriosis is a chronic inflammatory disease, estrogen-dependent and
progesterone-resistant, with a multifactorial etiology, which can appear from
intrauterine life [1, 2] and can progress and aggravate as a hidden disease in
adolescence [3], being more common during reproductive years, when it is more
studied. It is an invasive and metastatic disease, being different from malignancies
by missing nuclear atypia [4]. Endometriosis is characterized and diagnosed by

41 IntechOpen



Molecular Bases of Endometriosis - The Integration Between Research and Clinical Practice

the presence and growth of endometrial-like glands and stroma outside the uterine
cavity and musculature, which undergoes cyclic proliferation and breakdown
similar to the eutopic endometrium, with peculiar symptoms in most cases, and
non-specific also in others. The genetic predisposition, and the epigenetic changes,
the systemic, and local environmental factors, and the dysfunctions in endocrine
and immune systems, which make possible the new cellular connections induced
by exosomes between original tissues and ectopically attached adult stem cells,
with bone marrow or endometrial source, are believed to a play significant role in
the establishment, maintenance, and progression of endometriosis [5, 6] and its
consequences on women’s fertility and quality of life. The human endometrium is
an angiogenic tissue, with enormous waves of regenerative capacities through cell
proliferation, differentiation, and recruitment of inflammatory cells, with episodes
of apoptosis and events of breakdown and regeneration without scar, but in ectopic
endometrium progression to deeply infiltrative lesions, the scar is present in the
form of important fibrosis. The ovarian hormones, estrogens, and progesterone
through their receptors—genetic and epigenetic regulated—play an important role
in physiology and pathophysiology of eutopic and ectopic endometrium. Excess
estradiol and progesterone resistance are documented in eutopic and ectopic
endometrium of ill women.

2. Origin and qualities of ectopic endometrium

2.1 Hypotheses and theories on the mechanisms of ectopic endometrium
development in different stages

Endometriosis is a multifactors disease, a disease of hypothesis and theories,
and many concepts are elaborated in order to elucidate the diagnosis and treat-
ment, to stop the chronic pains and the progression which is like that of a cancer,
and the possible malignant transformation in 1% cases [7, 8]. There were explored
multiple hypotheses and theories, being reloaded of some old ones, in the condi-
tions of the modern technological possible pathological assessments of eutopic and
ectopic endometrium (flow cytometry, immunohistochemistry, genetic analysis),
in association with evidences from animal models as mice, rats, baboons, and
marmosets [9].

The most referred hypothesis was based on the retrograde deposits of viable
endometrial fragments refluxed through the fallopian tubes during the men-
struation into the peritoneal cavity, where they attach and invade the peritoneal
mesothelium or pelvic organs to establish ectopic growth of endometrial tissue. It
is known as J. Samson’s theory—or the “transplantation” theory—which is the most
widely accepted [10].

The retrograde menstrual blood flow is present in nearly 90% of women [11],
but women who develop endometriosis have larger volumes of retrograde menstrual
flow than women without disease [12]. The retrograde blood flow is considered to
be at the origin of ectopic endometrium in early onset endometriosis (EOE), start-
ing around thelarche/menarche or early adolescence, and EOE may have an origin
different from the adult variant, originating from neonatal uterine bleeding [13].

Besides the transportation of endometrial debris from uterine cavity through
the fallopian tubes to the peritoneal and organs’ surface, the rare condition of the
dissemination through regional lymphatic circulation and lymph nodes [14, 15] to
extrapelvic, distant organs, with no direct connection to the uterus- thorax, brain,
and its structures, is discussed [16]. Since many years have passed, other factors
associated with retrograde menstrual blood flow, such as the uterine contractions
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during menstruation [17, 18] and/or the involvement of peritoneal fluid [19, 20]

as favorable factors for the transportation and spread of retrograde endometrial
debris in the peritoneal cavity, are discussed. The retrograde endometrial debris

are associated to the adhesive, proliferative, and invasive properties of endome-
trial cells, mainly of the stromal/mesenchymal ones [21], and to the chemokines
(E-cadherin, N-cadherin) elaborated by endometrial cells [22, 23], and in connec-
tion to leukocyte actions [24, 25] and to the adhesion properties of the mesothelium
are explained the ectopic endometriosis lesions. It is considered that in patients with
endometriosis it is a real cross talk between endometrial stromal cells and mesothe-
lial cells, which have a common embryological origin, as it will be discussed later.
The new tissue injury and repair (TIAR) concept is comparable [26, 27]: uterine
dysperistalsis and hyperperistalsis may induce more trauma, with dislocation of
more basal endometrium, and a greater number of stemlike cells present in the
retrograde refluxed menstrual blood.

Other two theories are partially connected to one another and to embryologic
development. The “coelomic metaplasia” theory—according to the same cell lineage
origin of the thoracic, abdominal, and pelvic peritoneum, the Miillerian ducts, and
the ovarian germinal epithelium, all being derived from the coelomic wall epithe-
lium of developing embryo, and through metaplasia they generate endometriosis
[28]. The second “embryological theory” is very old [29, 30], and it considers the
embryonic rests, considering that the presence of cells with the Miillerian origin
within the peritoneal cavity are induced to form endometrial tissue when subjected
to the appropriate stimuli. von Recklinghausen [29] from Austria was the first who
described this disease at the level of the uterus (adenomyomas and cystadenomas)
and the tube, and in his opinion their origins were remnants of the Wolffian
body. The embryological theory has been recently re-proposed by the scientists
from the Italian Foundation of Endometriosis (Rome) (Signorile PG, Baldi A) [8]
and the lympho-vascular metastasis or the iatrogenic direct graft implant or the
“implantation” theory. Their concept is based on the stem cells as origin of ectopic
endometrium.

Hypotheses and theories are actually combined, being considered that endome-
triosis is the final stage of the combination of some aberrant biological processes,
some starting from the intrauterine life, like the “Miillerianosis”: the endometrial
cells are dislocated outside the uterus during organogenesis, at the moment of
mesoderm differentiation from the Miillerian ducts [2, 31]. “Miillerianosis” was
revealed by immunohistochemistry in human female fetuses at different gestational
ages by the scientists from the Italian Foundation of Endometriosis, from Rome
[1, 2, 8]. The Italian scientists have discovered ectopic endometrial cells in five dif-
ferent ectopic sites, outside the uterine cavity, being cited the rectovaginal septum,
the proximity of the Douglas pouch, the mesenchymal tissue close to the posterior
wall of the uterus, and the rectal tube at the level of muscularis propria and in
the wall of the uterus. All these areas are common places of endometriosis in adult
women.

Another theory explains that the retrograde menstrual blood flow is possible
in women with a genetic predisposition and with an improper innate immune
answer, which is conditioned by the exposure to some environmental factors
[5]. Recently, the local microenvironment or the peritoneal involvement in the
defense against uterine menstrual debris [endometrial cells with plasticity and in
terminal differentiation state, plus microvesicles (composed of diverse types of
membranes of plasma and endosomal membrane origin) and exosomes released
from the endometrial cells] is considered to play a crucial role in the develop-
ment of endometriosis [6]. The human endometrial exosomes and nanopar-
ticles (~100 nm diameter) released from endometrial cells are mediating the
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intercellular connection/communication, and they can transfer small RNAs and
mRNA via the extracellular environment to cells at distant sites [32, 33], especially
in the stroma as happens in cancer [34], a fact that will be discussed in the next
subchapters. The peritoneal clearance through apoptosis of the implanted ectopic
endometrial islands from the uterine debris is under genetic, immune system and
sexual steroid hormone control. The nature of predisposing individual genetic,
biochemical, and hormonal factors or inherent defects of the endometrium,
peritoneal cavity, or immune system of patients with endometriosis is unclear
[35]. There are controversies if endometriosis is an autoimmune disease due to
anti-endometrial antibodies, which were detected in the serum of women with
endometriosis and on the increase/decrease/balance in the activity of T-helperl
(Th-1)/T-helper 2 (Th-2) cells in women with endometriosis [36], associated with
anti-inflammatory cytokines as IL-4, IL-6, and IL-10, which primarily regulate
the intensity and duration of the inflammatory response by suppressing the
effects of pro-inflammatory cytokines [interleukin-1 (IL-1), tumor necrosis factor
alpha (TNF-a), interferon gamma (IFN-y), and granulocyte-macrophage colony-
stimulating factor (GM-CSF), although some have also inflammatory roles [37].
The pro-inflammatory cytokines primarily initiate and amplify the inflammatory
response to endometrial debris by signaling the recruit of additional immune

cells and pro-inflammatory mediators to the site of endometrial cell adherence.
IL-6 is most studied, being with prominent inflammatory and anti-inflammatory
functions, which challenge the understanding of its full role in endometriosis.
IL-6 is mainly produced by macrophages, and by Th-1 cells and B cells, fibroblasts
and endothelial cells may produce IL-6 specially in women with endometriosis,
who have higher levels of this cytokine in ectopic and eutopic endometrium and
much higher with the severity stage of disease than normal women [38]. All these
cytokines and chemokines discovered in endometriosis development are similarly
involved in pelvic inflammatory disease and are under genomic and hormonal
control through their microRNA receptors, inclusive for progesterone, with well-
known anti-inflammatory actions.

Three different forms of endometriosis are described in the pelvic cavity:
peritoneal, ovarian, and deeply infiltrating lesions. The development of endome-
trial ectopic island on the parietal peritoneal surface or different organs’ surfaces is
an end point of many molecular mechanisms necessary for the establishment and
survival of endometrial implants that may have common origin to the peritoneum.
The steps described in endometriotic lesion development are analyzed since many
years. After the shedding of viable endometrial cells during menstruation, the
retrograde transport of exosomes (vesicles released by the endometrial cells in the
terminal state of differentiation and with plasticity) and menstrual cells, with their
attachment to the peritoneum and formation of temporary ectopic lesion, under
the control of immune system is necessary. The invasion into the mesothelium,
survival, and proliferation of the ectopic endometrial cells with endometriotic
lesion formation is the final step [5, 6]. In healthy women, the immune system
removes the temporary ectopic lesions through apoptosis induction. The released
exosomes of ectopic endometrial cells could facilitate immune evasion; enhance
proliferation, invasion, and angiogenesis in the lesion, and subsequently progress
into a persistent endometriotic lesions. Exosomes could therefore be one important
factor to enable a temporary endometriotic lesion to establish a sufficient blood
supply in order to grow and survive at the ectopic site, as they act in an autocrine,
paracrine, and endocrine manner in intercellular communication. The current
knowledge suggests different roles of endometrial fragments outside the uter-
ine cavity: the endometrial stromal cells are involved in the attachment to the
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peritoneum, whereas endometrial glandular epithelial cells primarily play a role in
the invasion and growth of the lesion. These events are possibly related to a defect
in the ability of peritoneal natural killer (NK) cells to eliminate the endometrial
fragments regurgitated with menstrual debris by lysis and by the release of soluble
non-specific factor(s) which interfere with NK cells from human endometrial
stromal cells [39], as well as higher levels of IL-6, which suppress them [40]. The
human endometrial mesenchymal stem cells (HMSCs) have another capacity, that
of transdifferentiation or metaplasia, which permits them to differentiate in cells
without any embryological connection, or to complete differentiated cells, with
the change of phenotype [41], a biologic event supposed to be during the dormant
phase from fetal life to adolescence [42]in association to some external triggers as
transient hypoxia, chronic inflammation.

Endometrial cells are able to exploit the promotion of vasculogenesis and angio-
genesis mediated by the inflammatory response that they trigger in cooperation
with both immune cells and local tissue, usually the peritoneum. In advanced stages
of illness, the ectopic endometrium islands have an enormous development of blood
vessels, a high degree of fibrosis, and a degree of neurogenesis. Blood vessel devel-
opment depends on two processes induced by ectopic endometrial islands—vascu-
logenesis and angiogenesis—triggered by the endothelial progenitor cells (EPCs)
with bone marrow stem cell origin or endometrial progenitor/regenerative/stem cell
origin. The high levels of angiogenetic factors as vascular endothelial growth factor
(VEGF) and other angiogenic factors including IL-6, IL-8, and TNF-a mediate the
process of angiogenesis by activating angiogenic switch of endothelial cells. Lesion
local production of estradiol maintains the expression of VEGF and promotes
macrophages to produce VEGF and monocyte chemoattractant protein (MCP)-1.
Thereby, intercellular communication mediated via exosomes could represent a
missing link between the different theories on the pathogenesis of endometriosis.
Exosomes released by eutopic or ectopic endometrium or shedded endometrial
cells could induce metaplasia of cells at ectopic sites (“coelomic metaplasia” and
“induction” theories) or aid in tissue remodeling after injury (TIAR concept)
(Figure1) [26].

In 2018, a team from Saint Petersburg [43] published a hypothesis on the
existence of a special endometriosis development program (EMDP) which switches
on in the progenitor/stem cells (SCs) of the endometrium in SCs descended from
the Miillerian duct; EMDP suggests that the cells are prone to give rise to endome-
triosis partly through endometrial-mesenchymal transition, their invasivity into the
peritoneum lining, and differentiation and growth into endometriotic lesions.

The EMDP was subdivided into three parts: the first one in intrauterine period and
the last two in the postnatal life. (1) Transition of mesodermal embryonic cells into
cells of the endometrium within Muller duct rudiments, (2) acquisition of endome-
trial cell abnormalities and cell transition into endometriotic SCs, and (3) invasion
of the SCs into the peritoneum lining and their differentiation into endometriotic
lesions (Figure 2).

2.1.1 The new concept of stem cells for the development of endometriosis

Stem cells are undifferentiated cells with the capacity to remain in this stage for
some generations, after cell proliferations. Maintenance of the stem cell population
requires cellular self-renewal, i.e., the capacity to generate identical daughter cells.
Alternatively, stem cells can undergo asymmetric division, producing an identical
daughter cell and a more differentiated daughter, or symmetric division producing
two daughter stem cells or two transit-amplifying progenitors. Although neither
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Figure 1.
Molecular and cellular pathways in endometriosis. Adapted from Klemmt et al. [6].

progenitors nor precursors are called stem cells, it is often practically difficult

to distinguish adult stem cells from their progenitor/precursor cells. Indeed, for
instance, a small subset of hematopoietic progenitor cells have been termed hema-
topoietic stem cells (HSCs).

The stem cells have in vivo the capacity to participate to natural phenomenon as
the repair and regeneration of damaged tissues, as is the endometrium during and
after menstruation.

Since then, in many populations worldwide, adult stem cells (ASCs)—known
as somatic stem cells or tissue-specific stem cells, such as the blood [44], intestines
[45], muscles [46], skin [47], nervous system [48-50], heart, liver [51, 52], dental
pulp, adipose tissue, synovial membrane, umbilical cord blood, amniotic fluid
[53, 54], and the endometrium [55-58], are found.

The human endometrium is an extraordinary model for controlled tissue remod-
eling. The endometrial tissue renewal at each menstrual cycle during reproductive
years (about 7 mm within 1 week in every menstrual cycle, and 500 menstrual
cycles during a woman’s lifetime) [44], and in postpartum, with conservation of
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Neovascularization and ectopic endometrium growth on peritoneal surface. Adopted from Ahn et al. [35]. This
is an open-access article distributed under the Creative Commons Attribution Noncommercial License, which
permits unvestricted use, distribution, and reproduction in any medium, provided that the oviginal work is
properly cited.

this capacity even in postmenopausal years during hormone therapy, is actually
explained by the presence of adult stem cells; there are controversies on these cells
origin—bone marrow stem cells or endometrial stem cells—epithelial, stromal/
mesenchymal, endothelial, niche and side population stem cells [55, 59-61]. There
are studies on these types of cells in many research laboratories and medical centers
from Australia, Brazil, the USA, Italy, France, Romania, Spain, and the UK, as
well as there are controversies if endometrial epithelial cells are derived from the
bone marrow [62, 63]. Independent of their origin, the endometrial stem cells are
developing the ectopic island of endometriosis from the intrauterine life in female
gender [59, 61, 64], and after a dormant period of life, at the menarche they restart
their aggressive actions, modulated by sexual steroid hormones.

The concept of endometrial origin of stem cell populations was first proposed
by Prianishnikov VA in 1978 [65] due to the highly regenerative nature of the
endometrium, and actually the medical communities are waiting to produce novel
therapies with these progenitor cells in regenerative medicine, even in infertility
from endometriosis [55, 61, 66].

2.2 Adult bone marrow stem cells as the origin of ectopic endometrium

It was postulated that stem cells (SCs) that originated from bone marrow could
be attracted in the human endometrium, with generation of endometrial epithelial
and stromal cells [61, 67], from the fetal life, but their participation in endome-
triosis should be proven [68, 69], and mesenchymal bone marrow SCs (bmSCs)
in inflammation sites in the peritoneum were found [70]. An Australian team who
analyzed the endometrial stem cells for 10 years after their first published paper
[61] considers the stem cells originating in the bone marrow to be fibroblasts with
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clonogenicity, plastic adherence properties, and multilineage differentiation into
bone and marrow lineages in cultures, and they renamed these cells as multipotent
mesenchymal stromal cells maintaining the acronym MSCs, for bmMSCs. These
cells have comparable properties to stromal endometrial stem subpopulation cells,
which will be discussed in the next subchapter.

2.3 Endometrial stem/regenerative/progenitor cells as the origin for ectopic
endometrium: the novel concept on HESCs and their progenitor cell
capacities

After the preliminary hypothesis and discussion regarding the recovering
capacities from the basalis of the primate endometrium, as a bifunctional ger-
minal compartment [65, 71, 72], and the discovery of endometrial regenerative/
progenitor/stem cells [55, 56, 73-75], with their presence in the menstrual blood
[76-78], a new hypothesis/concept which tries to clarify the underlying patho-
physiologic mechanisms of endometriosis, besides the proposed conventional
theories explaining the three different aspects of endometriosis, was elaborated.
In the concept of Padykula et al. [72] after the menstrual shedding of endome-
trial functionalis layer, the remaining basal layer was believed to behave as a
germinal compartment from which various types of endometrial cells proliferate
and differentiate, suggesting that putative endometrial stem cells reside in the
basalis. Endometrial stem cells have the characteristics of adult stem cells (ASCs),
namely, the clonogenicity and high ability to proliferate, differentiate, and induce
rapid angiogenesis, a fact that may contribute to consider their binary qualities in
natural functions in the normal endometrium and in endometriosis [5, 79]. Their
involvement in endometriosis is from intrauterine life [64], with reactivation after
a dormant period in adolescence years in the form of so-called early-onset endo-
metriosis (Figure 3) [80].

There are described different types of human endometrial stem cells (HESCs):
epithelial—with confirmed location in the basalis of endometrial epithelium, as
was postulated [72] stromal/mesenchymal, endothelial, side population—which
can differentiate into epithelial and stromal endometrial cells [81], a niche for
human epithelial stem cells, and label-retaining cells (LRCs) [82]. All these stem
cells can be actually identified with specific markers for immunohistochemistry in
endometrial biopsy and/or can be isolated from menstrual blood, being available
some devices, as menstrual cups for collection [83]. After repeated examinations
of endometrium specimens in all phases of the menstrual cycle, it was concluded
that endometrial regenerative cells are located in the basalis, the functionalis being
shed at every menstruation, and the basalis which remains intact is the origin of
each new cycling endometrium [73]. At 10 years after their first published paper
on human and mouse endometrial stem cells, isolated from uterine tissue at hyster-
ectomy, Gargett et al. [61]—from Monash University and Monash Medical Centre
(Australia)—are discussing HESC involvement in uterine pathology (endometrio-
sis, adenomyosis, Asherman syndrome, endometrial cancer). The mesenchymal/
stromal/endometrial stem cells (eMSCs) or fibroblasts are the most studied. When
compared to mesenchymal bone marrow stem cells, there are some differences
regarding eMCS abilities to generate a vascularized stroma, with the capacity to
differentiate into decidualized stroma when transplanted into an animal at the
single-cell level. The eMCSs produced endometrial stroma and incorporated into
renal parenchymal blood vessels when xenografted under the kidney capsule of
immunocompromised NSG mice [84].

Human endometrial mesenchymal stem cells (HMSCs) were identified with
specific markers used for their enrichment [CD146 (+)PDGFRp(+) (platelet-derived
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Figure 3.

La%alization of human endometrial mesenchymal stem cells. (A—C) Immunofluorescence images of human
endometrium showing perivascular identity of human eMSCs. (A) Co-localization (white arrows) of CD146
and platelet-derived growth factor receptor beta (PDGF-R) in pericytes of venules and possibly capillaries
in the functionalis stroma. (B) Perivascular SUSD2 expression (white arrows). (C) ATP-binding cassette,
subfamily G member 2 (ABCG2) and aSMA co-staining showing perivascular and endothelial identity of SP
cells. The white dotted lines indicate the junction between the endometrium (en) and myometrium (my) and
yellow dotted line indicates the luminal surface (lu) of the uterine epithelium. (D) Schematic showing location
of stem/progenitor cells identified in the human endometrium. Epithelial progenitor cells are postulated

to be a subpopulation of cells located in the basalis, in the base of the glands, by SSEA-1 marker. Sushi
domain containing-2+ (SUSD2+) eMSCs are perivascular cells. eMSC co-expressing CD146 and PDGFRp/
CDz140b are most likely pericytes, as they are located adjacent to endothelial cells in vessels (v) in both the
basalis and the functionalis. SP cells are a heterogeneous population comprising CD31+ endothelial cells

and CD140b+CD146+ pericytes. Scale bar in (A) = 50 ym. (A) Adopted from Gargett et al. [61]. This is an
open-access article distributed under the terms of the Creative Commons Attribution Noncommercial License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits noncommercial reuse, distribution, and
veproduction in any medium, provided that the oviginal work is properly cited. For commercial reuse, please
contact journals.permissions@oup.com.

growth factor receptor p) and SUSD2(+) (sushi domain containing-2), and they
were distinguished from stromal fibroblasts. HMSCs were located perivascular,
and like the pericyte, they were identified in endometrial basalis and functionalis
vessels [78]. These Australian researchers presented the similarities and differ-
ences between eMSCs and endometrial stromal fibroblasts and the identity of bone
marrow-derived cells involved in endometrial function.

It is a novel concept regarding the migratory and invasive abilities of HESCs
and their progenitor cells, being increasingly recognized their contribution to the
intense tissue remodeling associated with embryo implantation, trophoblast inva-
sion, endometrial regeneration, and endometriosis/adenomyosis progress [85].
Numerous reports indicate that endometriosis and adenomyosis are associated
with increased basal and stimulated invasiveness of HESCs and their progeni-
tor cells, suggesting a link between a heightened menstrual repair response and
the formation of ectopic implants. The abilities of migration and invasiveness of
HESCs are controlled by a complex array of hormones—estradiol and proges-
terone, growth factors, chemokines, and inflammatory mediators—and involve
signaling through Rho GTPases, phosphatidylinositol-3-kinase, and mitogen-
activated protein kinase pathways, studied in laboratories from Western Europe
(Germany, The Netherlands, Italy), first in early pregnancy and later in endome-
trial pathology [86, 87].

49



Molecular Bases of Endometriosis - The Integration Between Research and Clinical Practice

The clonogenic qualities of epithelial and mainly of stromal/mesenchymal stem
cells, in association with the migratory and invasive qualities of the last ones from
the eutopic endometrium of women with endometriosis, may explain the develop-
ment of endometriosis. It can be discussed if stem/progenitor cells which develop
the implants of endometriosis are abnormal by the increase of their capabilities to
stabilize and implant in ectopic islands, through the lack of the tumor suppressor
molecule E-cadherin [22], or if normal stem/progenitor cells are implanting on
abnormal peritoneum [88].

In other studies, the answers to these issues were to discuss a combination of the
genetic predisposition or the special immunohistochemical pattern of mesenchymal
or stromal stem cells from the retrograde menstrual blood flow, with high expression
of CD9, CD10, and CD29- [89], and/or with DNA/RNA changes, and/or with an
improper immune response possible at exposure at some environmental factors [5].

2.4 Comparison of eutopic and ectopic endometrium with normal cycling
endometrium

Normal endometrium is containing large quantities of distinct stromal cells
with abundant PRs, which influence epithelial cell proliferation and differentiation
and protect against carcinogenic transformation. In endometriosis, eutopic and
ectopic tissues do not respond sufficiently to progesterone, being considered to be
progesterone-resistant, a fact that contributes to proliferation and survival of ecto-
pic endometrium. The ectopic endometrium is similar to eutopic endometrium but
with some peculiarities. The restoration of eutopic endometrium after each men-
struation is without scar, a fact that is not present in ectopic endometrium, which
undergoes cyclic proliferation and breakdown similar to the endometrium, but
with a fibrotic progressive scar. On the other hand, between the two endometrial
areas are very strong connections, considered to be bidirectional, and a competition
between ectopic and eutopic endometria for a limited supply of stem cells, with
different origins, that contribute to restoration/repair of eutopic endometrium after
menstruation or other pathological conditions, and the depletion of normal stem
cells flux to the uterus is a novel mechanism by which endometriosis interferes with
endometrial function and fertility [90].

The phenotype, proliferative, and differentiation in vitro capacities of stromal
cells from ectopic lesion from peritoneum, ovarian and deeply infiltrating endome-
triosis in comparison to the same structures of normal women, were analyzed using
the contrast microscopy, immunocytochemistry, and functional bioassays [21].

The doubling time of stromal cells from the deeply infiltrating lesions is lower

than that of endometrial stromal cells, and the levels of prolactin and insulin-like
growth factor-binding protein-1 (synthesized by the stromal cells) are reduced in
supernatants from stromal cells derived from the three types of lesions and from the
endometrium of ill women. The conclusion of the British doctors was that endome-
triotic cell lines and endometrial cells from women with endometriosis are losing
the capacity of differentiation, which can explain the cells’ capacities for prolifera-
tion and survival in the ectopic environment.

When treating the complications of endometriosis, it is recommended to evalu-
ate not only the effect on the endometriotic lesion itself, but it is also essential to
consider the effect on normal uterine endometrium in the categories of reproduc-
tive age population, including stem cell recruitment as an essential means of uterine
repair [90].

The molecular analyses of eutopic and ectopic endometrium versus endome-
trium of disease-free women are bringing us some news for endometrial patholo-
gies—endometriosis and endometrioid endometrial cancer. The activation of AKT
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pathway in endometriosis is reported in a relatively small number of studies. The
study of p(Ser473)-AKT in ectopic and eutopic tissue in different stages of the
menstrual cycle depicted a higher level of the AKT in endometriotic tissues [91],
mainly from ovarian endometriomas, a fact confirmed by other studies, which have
revealed in examined endometrioma tissues an association of lower levels of PTEN
in epithelial cells of both endometrial types [92-94].

3. Progesterone resistance in endometriosis
3.1 Short history of progesterone resistance/pseudocorpus luteum insufficiency

Progesterone resistance (PR) was first described and nominated as pseudocor-
pus luteum insufficiency [95], being considered as a local defect of progesterone
(P4) action on endometrial stroma. The patient with this disorder was an infertile
woman with normality regarding menstrual cycle, duration of luteal phase, and
plasma immunoreactive LH and P4 concentrations but with an immature endome-
trium histologically. These clinicians were the first who assessed the progesterone
receptors in the endometrium, as it was recognized 5 years later by Chrousos et al.
[96]. PR is discussed together with other hormones’ resistances, and it is a clinical
consequence of many gynecological disorders regarding the ovaries—PCOS, the
endometrium—abnormal uterine bleeding associated with endometrial hyperpla-
sia, the eutopic endometrium in endometriosis, the decidual causes of infertility or
recurrent pregnancy loss, or the myometrium—for miscarriage and preterm birth,
when it is lost the uterine quiescence. The fetal endometrium remains progesterone-
resistant, except when fetal distress causes decidualization and menstruation at
birth [80], or the “neonatal menstruation,” which is a biomarker reflecting a stage
of endometrium development that may subsequently have an impact on the repro-
ductive life of the adolescent and the young adult.

PR is discussed as the decreased sensitivity and responsiveness of the target
tissue to bioavailable P4 [96]. In the medical literature, PR is limited to endome-
triosis, but more and more papers do not agree to this [97]. At the first glance, the
terms “estrogen dependence” and “progesterone resistance” appear to describe
opposite sides of the same coin. Actually, there are emerging evidences suggest-
ing that PR in endometriosis is not just a consequence of perturbed progesterone
signal transduction caused by chronic inflammation, but it is associated with
epigenetic chromatin changes that determine the intrinsic responsiveness of
endometrial cells to differentiation cues [98]. The concept of “progesterone
resistance,” and its clinical relevance, is far from being well established and it is
in need for redefinition [98].

3.2 Estrogen and progesterone action in eutopic and ectopic endometrium

The uterus is one of the most important organs with different cell types differ-
ently influenced by sexual steroid hormones, and the relative balance of progester-
one and estrogen steroidal activity governs the function of normal endometrium
throughout the menstrual cycle. The growth-promoting effects of estrogen during
the proliferative phase of the cycle are countered by progesterone antiproliferative
actions at the postovulatory onset of the secretory phase, with decidualizing the
endometrial stroma later in the secretory phase. The steroid hormones linked to
specific nuclear receptors which are able to bind to the promoter of target genes and
then regulate proliferation and/or differentiation processes, in order to prepare the
stroma/decidua for embryo’s implantation [99].
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Endometriosis is appreciated as an ultimate hormonal disease, owing much to
its estrogen dependency and aberrations in estrogen production and metabolism
and progesterone resistance. Several lines of evidence have linked endometriosis
with excessive estradiol (E2) signaling in the ectopic tissues [100]. The high ectopic
endometrium levels of E2 are associated with its local biosynthesis through the
presence of very well-known enzymes (178-hydroxysteroid dehydrogenase-1 and
aromatase) [101, 102] and with the activation of estrogen receptors and stimulation
of mitotic activity and inflammatory response. The proliferative, pro-inflammatory,
and antiapoptotic effects of E2 appear to be exacerbated in women with endome-
triosis; physiological E2 concentrations are able to induce an enhanced inflam-
matory response mediated by local chemokine production and to reinforce the
mechanisms of cell survival mediated by extracellular signal-regulated kinases and
Bcl-2 [103]. Progesterone controls endometrial proliferation and differentiation,
which are important cellular events in uterine function—normal menstruation,
embryo implantation, and protection against the development of estrogen-driven
endometrial cancer. The postovulatory surge in P4 triggers a highly coordinated and
sequential response as arrest of estrogen-dependent epithelial cell proliferation,
followed by the secretory transformation of the glands, recruitment of various bone
marrow-derived immune cells, and angiogenesis [104]. P4 acts on stromal cells of
the normal endometrium and is inducing the secretion of paracrine factor(s), which
are inducing the expression of the enzyme 17p-hydroxysteroid dehydrogenase type
2 (17p-HSD-2) which metabolizes the biologically active estrogen E, to estrone (E,),
in the neighboring epithelial cells, and the epithelial cell proliferation is arrested.

Since then it is known that progesterone reduces natural killer (NK) cell activity
[105], increases suppressor cell levels [106], inhibits cytotoxic T-cell activity [107],
induces the production of lymphocyte-blocking proteins [108], and modifies the
cytokine response from the Th-1 to the pre-pregnancy Th-2 pattern [109]. All these
cytokines are involved actually in the defense to the ectopic retrograde endometrial
debris, exosomes, and endometrial stromal stem cells.

Recently in the USA, in Michigan State University—in the Departments of
Comparative Biosciences, of Animal Science, and of Molecular & Integrative
Physiology, the effects of progesterone to alleviate endometriosis, induced in the
peritoneal cavities of immunocompetent female mouse and maintained with exog-
enous estrogen, if the administration is before the induced endometriotic lesions
are discussed (Table1) [110].

P4 is regulating multiple events on reproductive tissues, the responses to P4
are vastly different in normal and ill target tissues and cells, the mechanisms
responsible for this striking contrast in progesterone’s effects in normal versus
diseased tissues are largely unknown, and one plausible explanation being the
specific microenvironment within target tissues—including locally secreted factors,
expressed receptors, and paracrine and autocrine communication—determines the
overall effect of P4.

- P4 restricts expansion of the ectopic lesions by inhibiting endometrial cell proliferation and
neovascularization

- P4 suppresses E,-dependent inflammatory responses in the ectopic lesions

- P4 maintains ER-a-/PR-mediated signaling; their loss in the ectopic lesions leads to resistance to P4 therapy
if the treatment is postinduction of lesion

Table 1.
Progesterone alleviates endometriosis, induced in the peritoneal cavities of female immunocompetent mouse
and maintained with estrogen (after Li et al. [110]).
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3.3 Estrogens’ and progesterone receptors in eutopic and ectopic
endometrium

The ovarian hormones, estrogen and progesterone, modulate uterine events in
a spatiotemporal manner, from the midsecretory phase, and prepare the endome-
trium to become receptive to the blastocyst signals, and decidualized stromal cells
are seen from the late secretory phase of the menstrual cycle.

Being an estrogen-dependent illness, aberrant levels of estrogen receptors (ER-a
and ER-f, with their genes ESR1 and ESR2) are observed in women with endome-
triosis. Both ERs play essential roles in the establishment and development of ecto-
piclesions [111], and ample evidence indicates that ER-p is excessively expressed
in the ectopic lesions, when compared with normal endometrium [112], being
described a positive ratio of miRNA ESR2 to ESR1 in endometriomas in comparison
to endometriotic implants and eutopic endometrium [113]. The studies on knockout
mouse have shown that the attachment of ectopic endometrium, the sizes, and the
proliferation with endometriosis progression are associated with the presence of
ESR2 and absence of ESR1 [114].

P4 and its receptors PR-A and PR-B have an important role in endometriosis.
The eutopic endometrium of ill women has an attenuate answer to P4; the PR
isoform B is not expressed in their endometrium, being only the isoform PR-A,
because progesterone-responsive genes are not deleted in eutopic endometrium of
ill women in comparison with normal women in the early secretory phase of the
cycle, a fact that suggests that these women have a progesterone-resistant pheno-
type [114, 115].

Recent studies have confirmed isoform PR-A predominance in endometriotic
ill women and have shown its presence in all menstrual cycle phases [116], as it is
similar to the condition of endometrioid endometrial cancer, with overexpression
of PR-A isoform. Another aspect is the higher level of PR-A in ovarian endometrio-
sis comparative to peritoneal form [116].

Gargett et al. [61] are discussing the endometrial gland estrogen receptors
[ER-a (ESR1) and ER-p (ESR2)] and their genes ESR1 and ESR2 and PR. Using
special markers as stage-specific embryonic antigen 1 (SSEA-1 or CD15) to local-
ize the endometrial epithelial stem/progenitor cells in the basalis of endometrial
glands of cycling women, the SSEA-1* endometrial epithelial cells in culture had
greater telomerase activity, and longer telomeres, and were more quiescent with
lower proliferation rates than SSEA-1" epithelial cells and features of progenitor
cell populations [117]. It was revealed that in polarized epithelium, SSEA-1+ cells
expressed lower levels of ER-a (ESR1) and PR when compared with the SSEA-1-
cells [117], suggesting a less differentiated cell phenotype and reliance on growth
factors released from ESR1-expressing niche cells to mediate estrogen-induced
proliferative signals. In contrast, earlier studies [118] have shown that ESR1 is
detected in basalis glands of the normal endometrium throughout the menstrual
cycle, whereas functionalis expression is restricted to the proliferative stage, a fact
that suggested to the Australian researchers that human endometrial epithelial
progenitor cells are a subset of the SSEA-1+ population that may reside in the
functionalis abutting the basalis.

3.4 Progesterone resistance in endometriosis: mechanisms of progesterone
resistance in endometriosis

Endometriosis is a chronic inflammatory estrogen-dependent and proges-
terone-resistant disease, because of missing or blunted progesterone-induced
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molecular changes or inadequate response to progesterone of both the eutopic and
ectopic endometrial cells and tissue [119, 120], facts that are present all duration
of the menstrual cycle. Several mechanisms were described, being discussed
whether progesterone resistance is innate, acquired, or present in eutopic and
ectopic tissue. Many concepts try to cover the disorder, with clinical relevance;
the mechanisms of progesterone responsiveness converge to the reduction of the
nuclear PRs, steroid receptor coactivators, or downstream or degradation of other
molecular effectors (TGFp, Dickkopf-1, retinoic acid, c-myc, etc.). The lack of

the PR-B isoform is associated with very low levels of PR-A isoform; and in the
conditions of stromal cell defect, P4 does not induce epithelial 17p-HSD-2 expres-
sion, and this is the cause of continuing epithelial mitosis, by the failure of E2
metabolism to E1, mainly in women with moderate/severe disease, compared with
the normal ones [119].

The altered ratio between PR isoforms is associated with an altered complex
network of interactions with signaling pathways, downstream effectors, tran-
scription factors, coregulators, chromatin-remodeling factors, and DNA [120].
Studies have shown the role of non-genomic overactive pathways of transcription
factors as AKT pathways [with three isoforms (Aktl, Akt2, Akt3) differently
involved in endometriosis initiation and progression and endometrial cancer]
and MAPK pathway (only in the stromal cells) [121]. Rapid activation of AKT
by estradiol and progestins promotes survival of endometriotic stromal cells, by
downregulation of PRs, with proliferation and migration of endometrial stromal
cells [122]. Experiments on xenograft mice have proven a decreased cell viability
and increased apoptosis to cells in culture after AKT inhibitor administration
[92, 123]. The overactive AKT pathway is associated with the inflammatory and
hormonal nature of endometriosis [81, 123]. Overactive AKT from endometri-
otic stromal cells attenuates also decidualization through its downstream target
FOXO1 [124].

3.5 Progesterone receptors in eutopic and ectopic endometrium

Progesterone action has been primarily ascribed to the well-characterized
classical signaling pathway involving ligand binding, activation of nuclear proges-
terone receptors (PRs), and subsequent activation of genes containing progesterone
response elements (PREs). Immunohistochemistry identifies during the mid to
late luteal phase of menstrual cycle five progesterone nuclear receptors or clas-
sic PRs (PR-A, PR-B) and the truncated isoforms (PR-C, PR-M, and PR-S; the
PR-C is generated by the initiation of translation from further downstream, not
recognized usually), and the two types of cell surface-associated proteins [mem-
brane progesterone receptors (mPRs) and the progesterone membrane receptor
component (PGMRC)]. PR-A and PR-B belong to a family of ligand-activated
transcription factors and share common structural and functional elements (i.e.,
regulatory region). The P4 genomic mechanism of action is exerted through
specific progesterone response elements (PREs) within the promoter region of
target genes to regulate transcription of the genes. These PRs induce classic regula-
tion of gene expression while also transducing signaling cascades that originate at
the cell membrane and ultimately activate transcription factors. As for estrogens
the genomic and non-genomic mechanisms of P4 are coupled, and the nuclear PRs
are upregulated by E2 in endometrial cells, implicating crucial progenitor cells, as
preferential targets of P4.

A functional feedback interaction between the P4 and estrogen hormonal
systems is crucial for normal endometrial differentiation/decidualization—a key
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step toward the establishment of pregnancy, and for balancing the often-opposing
actions of the progesterone/PR and estrogen/ER systems [125].

Recently, a new paradigm of the direct effect of P4 on the cells’ chromatin,
with chromatin remodeling and gene regulation in stem/progenitor cells, is
discussed. The interaction of nuclear receptors and other transcription factors
with the chromatin is considered to be a highly dynamic process, characterized by
rapid cycles, measured in seconds of transient association and dissociation with
the chromatin [126]. The classic description was a static one, considering a slow
process during hours and sometimes days and during which PRs are activated,
then bind to the promoter of target genes, recruit coregulators, and assemble
them in a multimeric complex that has the right enzymatic activity to modify the
local chromatin structure, which in turn will lead to changes in the transcrip-
tional machinery, efficacy of RNA synthesis, translation, and, ultimately, protein
levels. The “non-genomic” mechanisms explain the rapid activation of cyto-
plasmic kinase signaling that can result in both transcription-independent and
transcription-dependent effects. These “non-genomic” actions can be partially
explained by membrane transport via nuclear receptor. The mPRs (molecular
mass of approximately 40 kDa) had thought to be composed of three subtypes,
mPR-a, mPR-p, and mPR-y, which belong to the seven-transmembrane domain
adiponectin Q receptor (PAQR) family, plus two new discovered subtypes (mPR&
and mPRe). Progesterone receptor membrane component-1 (PGRMC-1) and
PGRMC-2, with a single-transmembrane domain protein, are mediating the rapid
non-genomic effects of E2 and P4, such as the activation of MAPK signaling and
intracellular Ca** increase [127, 128]. mPRp activates also MAPK cascade, without
GPCR signaling, and progesterone-stimulated mPRp activation did not exhibit the
elevation of [Ca?*] [129]. In comparison to the mPRs, the single-transmembrane
protein Pgrmcl (molecular mass 25-28 kDa) and the related Pgrmc2 are a part of
a multi-protein complex that binds to P4, to other steroids, and to pharmaceutical
compounds [127].

Actually, the novel techniques allow genome-wide mapping of binding nuclear
receptors to DNA and real-time monitoring of transcription. PR expression in
uterine cells is stimulated by estrogens via ER-o, and consequently progesterone
responsiveness is dependent on the presence of an estrogenic drive [130]; low levels
of estrogen are required for progesterone responsiveness throughout the luteal
phase, and, conversely, ER-a expression in uterine cells is inhibited by progesterone
via PRs [131]. It is known that continuous exposure of the endometrium to proges-
terone downregulates PR expression in the endometrial epithelium [132], the PR
being detected only in stroma and myometrium throughout most of gestation in the
ovine uterus [133].

Endometrial biopsies from luteal phase (days 15 + 31) of normal, fertile subjects
detected a steady decrease in expression of stromal cell PRs (both isoforms A and B)
immunostaining from a mid-cycle maximum and a more rapid decrease in expres-
sion of PR in epithelial cell, particularly between days 22 and 24, from the mid-cycle
maximum also [134, 135].

The human nuclear PRs are encoded by a single gene located on chromosome
11 (11q22-11q23). Expression of PR is controlled by two promoters to produce two
major mRNA transcripts that encode two proteins: the full-length PR-B (116 kDa)
controlled by the distal PR-B promoter region and initiated from the first AUG
translational start codon and PR-A (94 kDa) controlled by the proximal PR-A
promoter region and initiated from the second AUG (492 bases upstream) trans-
lational start codon. It is now generally accepted that response to P4 is determined
by the combined actions of PR-A and PR-B, which upon ligand binding form
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homodimers or heterodimers that have distinct transcriptional activities at
specific sets of gene promoters.

The PR initiates paracrine signaling within the uterine microenvironment dur-
ing the preimplantation period and of extrauterine microenvironment in cases of
ectopic endometrium. P4 facilitates the subsequent downstream expression of PR
targets within the epithelium and stroma. The potential molecular pathways which
are involved in the pathological mechanisms and in endometriosis were assessed
and determined: c-Jun, CREB-binding protein, protein kinase B (AKT), and cyclin
D1 (CCND1) signaling [136].

The dysregulation of the PR isoforms has been shown to occur in women with
endometriosis, demonstrating the integral requirement for proper balance of these
isoforms in hormone-responsive tissues [114].

PRs are differentially expressed in the endometrial structures—glands and
stroma, and during menstrual cycle. The transformation of endometrial stromal
fibroblasts (ESC) into specialized secretory cells (decidualization) is fundamental
for the establishment of a receptive endometrial microenvironment which can sup-
port and maintain pregnancy.

PR-A is exerting a negative control on PR-B-mediated transcription and the
mediated transcription of the ER and glucocorticoid receptors [137], a fact that
may underlie, at least in part, the mechanism by which progesterone functionally
antagonizes the effects of estrogen. PR-A and PR-B can interact as dimers with
DNA progesterone-responsive element and with signaling proteins of the Src/Ras/
Erk pathway outside the nucleus [138].

De novo motif analysis indicated that, although the two isoforms bind to
the same DNA sequence motif, they are both common and unique neighboring
motifs where other transcription factors, such as FOSL1/FOSL2, JUN, C/EBP,
and STAT3, bind to and dictate the transcriptional activities of these isoforms.
Chromatin immunoprecipitation sequencing in combination with gene expres-
sion profiling revealed that PR-B controls a substantially larger cistrome and
transcriptome than PR-A during human endometrial stem cell differentiation
(Figure 4).

Two Pathways to Receptivity
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Figure 4.

Progesterone action on the epithelial and stromal cells of the endometrium to prepare it for embryo receptivity.
Progesterone has both a direct influence on endometrial epithelium via PR-B, and an indirect influence via the
endometrial stromal cells. Adapted from Groll and Lessey [196].

56



Progesterone Resistance and Adult Stem Cells’ Genomic and Epigenetic Changes in the Puzzle...
DOI: http://dx.doi.org/10.5772/intechopen.84203

4. Genomic and epigenetic changes of adult stem cells in ectopic and
eutopic endometrium: heredity in endometriosis

Women suffering from endometriosis were observed since then to have pecu-
liarities including genetic predisposition, aberrant immunological response, and
altered peritoneal environment that make them susceptible to attachment and
growth of ectopic endometrial cells, with their exosomes, and that the ectopic
endometriotic lesions are histologically similar to their putative eutopic precursors,
yet significant biochemical differences exist between these two tissues. The findings
provide a framework for causality and mechanisms underlying attenuate proges-
terone response in endometriosis, especially in the deeply infiltrating groups, but
there are still unclear or controverted aspects in the genetics and consequences of
progesterone resistance in endometriosis [139].

4.1 Genomic regulation in endometriosis

The genetic aspects in endometriosis must be referred to the complex patho-
genomic architecture and multiple interactions of the genetic qualities of the
migratory and adhesive mesenchymal/stromal cells, to the qualities of the tissues/
organs where the ectopic endometrial cells arrive, and to other factors involved in
the development of the disease, as the complex combinations of functional protein
modules, and alteration of different metabolic pathways by sexual steroid hor-
mones, their receptors and co-regulators, and immune systems. The genes of endo-
metrial stem cells, such as OCT4, SOX2, SOX15, NOTCHI1, and TWIST1, which can
be deregulated in endometriosis, leading to altered SC behavior of migration and
adhesivity in ectopic location, which is associated with miRNA of angiogenic factors
[42]. The transcriptome analysis of eutopic and ectopic endometrium shows genetic
peculiarities in women with endometriosis versus disease-free women [140-142],
with relevant dysregulation of the proliferative-to-secretory transition in the
endometrium in cases with endometriosis, PR gene polymorphism, and epigenetic
alterations in stem cell populations, and their resulting exosomes in endometriosis,
including imbalance of miRNA expression of PRs, histone and DNA modifications,
and chromosomal aberrations, are some possible answers to the unclear pathophysi-
ologic aspects and to some clinical relevance complications—as chronic severe pel-
vic pain, dyspareunia, infertility, miscarriages, recurrent pregnancy loss, preterm
birth, and progression to malignancy, specially of the ovary, which were assessed
by recent, large international collaborative studies [143, 144]. There are questions
about the relationships between eutopic and ectopic endometria, regarding the
trigger of progesterone-attenuated response and infertility [145]. It is unknown if
the defective endometrium gives rise to a predisposition toward endometriosis and
infertility or, alternatively, if endometriosis causes the altered endometrial receptiv-
ity, in cases with failure of ART. In experiments on mice, the methylation of Hoxa 10
and Hoxa 11 (known as a potential mechanism responsible for altered gene expres-
sion) decreased the endometrial receptivity in the endometriosis group.

The eutopic endometrium of ill women has an attenuate response to P4 because
estrogen-responsive genes are nor suppressed in their stromal cells comparative to
normal women in early secretory phase of menstrual cycle, a fact that suggests a
resistant phenotype to progesterone [111, 114, 115].

4.2 Heredity in endometriosis

Since the 1990s, there is increasing evidence of a germline predisposition to
endometriosis. A familial clustering of endometriosis in humans [146] and rhesus

57



Molecular Bases of Endometriosis - The Integration Between Research and Clinical Practice

monkeys [147] as well as increased prevalence among first-degree relatives of
women with all disease severities compared to the general population [148] has

been reported. The age at onset of symptoms is similar in affected, non-twin sisters
[149], and there is concordance in monozygotic twins [147]. The complex gyne-
cologic disorder of endometriosis was since then recognized as showing heritable
tendencies, with recurrent risks of 5-7% for first-degree relatives [150]. Familial and
epidemiologic studies support that this disease is a genetic disorder of polygenic/
multifactorial inheritance, being determined the number and locations of causative
genes. Using microarray for real-time PCR validation for the genome-wide linkage
analysis, in a study of 1176 families with affected sibling pairs versus disease-free
women, Treloar et al. [151] identified a region of significant linkage to endometriosis
on chromosome 10q26, and four genes [a disintegrin and metalloproteinase domain
12 (ADAM12; 10q26.3; 2.29 ESE), arginyltransferase 1 (ATE1; 10q26.13; 1.61 PE, 1.57
ESE), and fibronectin type III and ankyrin repeat domains 1 (FANK1; 10q26.2; —1.85
ESE)] which have statistical significant changes, but the gene CYP26A1 had a fold
change in the real-time PCR analysis that did not reach statistical significance. After
the publication of this study, there are debates on the familial aggregation [152, 153].

4.3 Progesterone receptor polymorphism

Endometriosis is considered a polygenic disorder [154] requiring alterations
in multiple biological pathways for the establishment and proliferation of ectopic
endometrial cells, a fact documented in a meta-analysis of European and Japanese
cohorts [155]. The human progesterone receptor gene is located on chromosomes
11q22-11q23 [156].

Multiple genes are expressed differentially in the eutopic endometrium of ill
patients vs. disease-free women; and the most studied gene expression, the HOX gene,
was proven to be altered in stromal stem cells from the ectopic endometrium [157].

To date, many deregulated genes have been identified in endometriotic cells with a
wide variety of functions, including apoptosis, vascularization, cell cycle regulation,
DNA repair, encoding detoxification enzymes, immune system regulation, and cell
adhesion. PR polymorphism is controverted in literature [152]; some authors consider
to have little or no relevance in endometriosis development. The multinational study
[144] of a total of 45,923 cis-eQTLs for 417 unique genes and 2968 trans-eQTLs affect-
ing 82 unique genes showed dynamic changes in expression of individual genes along
the cycle, which include alteration in both mean expression and transcriptional silenc-
ing. The genetic polymorphisms predispose women to endometriosis [158], a fact that
was not sustained by the results of three meta-analyses on association of endome-
triosis and some genetic polymorphisms coding for dioxin detoxification enzymes,
sex steroid biosynthesis, and their receptors [159-161], even though meta-analyses is
known to have upward biases in risk estimates. A quite old review on this topic found
“a strikingly large amount of conflicting results” and concluded that “polymorphisms
may have a limited value in assessing possible development of endometriosis” [152].

The endometrial specimens in different phases of the menstrual cycle, mainly
in the secretory phase, were analyzed and there was demonstrated a signature of
enhanced cellular survival, persistent expression of genes involved in DNA syn-
thesis, and cellular mitosis in the setting of endometriosis, were analyzed, and, on
another hand, the genes for susceptibility of attenuated progesterone response when
in endometriosis from the families FOXO1A, MIG6, and CYP26A1 (151), HOX [142],
WNT [68], and 12 single nucleotide polymorphisms at 10 independent genetic loci
associated with endometriosis have also been identified were identified [162].

Comparative gene expression analysis of progesterone-regulated genes in secre-
tory-phase endometrium confirmed the observation of attenuated progesterone
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response, which is the main issue of this chapter. The genetic polymorphism of PRs
was studied also on PROGINS receptor gene [163], recently on the PROGINS allele
[143], and on +331G/A genes (especially for comparison between superficial and
deeply infiltrating endometrioses [86]). The +331C/T has been shown to influence
the transcription of PR-B relative to PR-A with the T allele favoring PR-B [137, 164].
PR-B acts as a classic hormone receptor, mediating the effects of progesterone,
whereas PR-A acts as a repressor of PR-B, and as a result, the presence of the +331T
allele is hypothesized to lead to increase the effect of P4.

In the recent published multinational and multicenter collaborative study
focused on the genotypes for the +331C/T SNP (associated with low risk of endo-
metriosis, because of increased synthesis of PR-B) and PROGINS allele (equivocal
from other analyses) in cases with a history of endometriosis [144]. The occurrence
of endometriosis was reduced in women carrying one or more copies of the +331T
allele, whereas there was no association between the PROGINS allele and endome-
triosis (Table 2). The conclusion regarding PRs was that the +331T allele drives to
areduced PR-A to PR-B ratio, and if the observed association with endometriosis
is confirmed, it would suggest that this ratio is important for endometriosis; more
than this the authors’ conclusion was that a reduced risk is biologically plausible
since endometriosis is responsive to progesterone.

4.4 Progesterone target genes

In the last 15-20 years, the relationship between PR-A and PR B is more and
more understood. The exclusive expression of PR-B in the luminal epithelium may
act as a reservoir of PR-A heterodimerizing partners, or PR-B may homodimerize
and regulate epithelial target genes. The expression ratio of the PR isoforms within
the uterine compartments could potentially regulate the gene expression profile; it
was observed in ill women. The expression of progesterone target genes is blunted,
and decidualization is inadequate [115]. The prototype progesterone-responsive
gene, glycodelin, was discovered to be strikingly downregulated in the endome-
trium of women with endometriosis compared with disease-free women [165],
and recently glycodelin is the third biomarker for early diagnosis of endometriosis,
besides zinc-a and brain-derived neurotrophic factor (BDNF).

Other earlier studies were considering the additional effect of environmental
factors as dioxin to genes [166] or the interaction between multiple genes and/or the
interaction between genes to other factors to produce the disease phenotype [167].

The location of endometrial stem cells outside the uterus may be another expla-
nation of their different actions in ectopic and eutopic endometrium in ill women in
comparison to disease-free women [78].

Single nucleotide Cases with Cases without OR (95% CI) p-Value p
polymorphism endometriosis (n) endometriosis (n)

(SNP)

+331C/T 345 5369 0.65 (0.43, 0.042 0.46
(rs10895068) 0.98)

PROGINS C/A 343 5339 0.94 (0.76, 0.56 0.24
(rs1042838) 1.16)

OR = odds ratio, compares heterozygotes and rave homogygotes to common homozgygotes for +331C/T, per copy of the
allele carried for PROGINS, stratified on study site and age group; p-value for heterogeneity acvoss study sites.

Table 2.
Association between the two PRs SNPs and endometriosis in the multinational study population
(adapted from Fung et al. [144]).
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4.5 MicroRNA (miRNA) dysregulation of steroid hormone receptor expression
in endometriosis

The receptors of sexual steroid hormones (ERs, PRs) are involved in endometri-
osis, and correlated to them is the exploration of the correlation between microRNA
(miRNA) and ER/PR in eutopic and ectopic endometrium. There are recently
discovered stranded noncoding RNAs (ncRNAs) [168]. MicroRNAs (miRNAs)
are single-stranded noncoding RNA molecules with approximately 22 nucleotides
in length, and they control posttranscriptional gene regulation, which were pro-
posed to contribute to human reproductive physiology; their abnormal expression
was involved in the pathogenesis of many diseases of female reproductive tract,
including endometriosis. While the majority of the literature supports the notion
that miRNAs inhibit translation, there is some evidence that miRNAs can actually
enhance translation in certain biological scenarios.

miRNAs are postulated to play a role in normal biological processes, to be critical
regulators of cellular development and physiology, while their mis-expression has
been associated with numerous diseases [169]. A recently published paper [170]
at the Department of Molecular and Integrative Physiology, at the University of
Kansas Medical Center (USA) tries to determine if the “mis-expressed” endometri-
otic tissue is a cause (driver of the disease) or a result of endometriosis (passenger).

More than 10 years ago, there are comparative microanalyses of genetic expres-
sions—the miRNAs in women with ectopic endometrial cells and eutopic endo-
metrium—that have proven an alternative pattern in the two groups [171-173], as
well as the differences of ill women versus disease-free women [172-175]. miRNA
regarding ER shows a ratio of 100:1 in ESR2 (RE-) to ESR1 (RE-a) in endometrio-
mas vs. superficial endometriotic lesions and eutopic endometrium [112, 113].

Different miRNAs are identified by microarray with real-time reverse transcrip-
tion-polymerase chain reaction (real-time RT-PCR), and they were done in paired
eutopic/ectopic endometrium from the same patients. In the published papers, there
are identified upregulated (over expressed) and downregulated (underexpressed)
miRNA expressions in eutopic and different ectopic lesion locations (peritoneal,
ovarian), and some are “mis-expressed.” Using the Ingenuity Pathway Analysis (IPA)
software, potential molecular pathways were assessed and determined to involve
c-Jun, CREB-binding protein, protein kinase B (AKT), and cyclin D1 (CCND1)
signaling, all of which have previously been associated with endometriosis patho-
genesis [136]. According to the involvement in endometriosis, the molecules directly
involved in endometriosis (cytokines, enzymes, growth factors, kinases, ion chan-
nels, ligand-dependent nuclear receptors, peptidases, phosphatases) are assessed.

There are differences between authors; there were conflicting reports on
whether or not miRNA expression was influenced by the stage of the menstrual
cycle (proliferative [136] or secretory [176]), the type of endometrial cell (miRNA
of endometrial stromal cells was for the first time assessed by Hawkins et al. [177]),
the type of miRNA, and the level in eutopic and ectopic tissue [miRNA from miR-
29 family (was evaluated using primary human endometrial stromal cells in vitro)],
which had different levels—(high for [136] and [176] and decreased for [178],
who compared it to disease-free women). The role of 7iR-29¢ in endometrial cell
proliferation, invasion, and apoptosis in vitro was examined. miR-29¢ suppressed
endometrial cell proliferation and invasion, promoting cell apoptosis. The conclu-
sion was that miR-29c exhibits inhibitory action on endometrial cell proliferation
and invasion by inhibiting the expression of ¢-fun. Another studied miRNA—the
stromal cell miR-183, was examined in response to ovarian steroids (17f-estradiol
and P4), and inflammatory cytokines (TNF-a) were concluded from this study
that repressed levels of miR-183 may modulate the growth and invasive potential of
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endometriotic endometrial stromal cells contributing to the development and pro-
gression of endometriosis [179]. The microarray to identify differentially expressed
miRNAs between endometriotic lesion tissues from women with stage III/IV
disease compared with eutopic endometrium from women without endometriosis
has shown that lesion tissue expressed significantly higher levels of expression of
seven miRNAs and significantly lower levels of expression of ten miRNAs [180];
some miRNAs were predictors of angiogenesis in endometriotic lesions. Expression
of VEGFA was significantly upregulated, whereas EGFR2, PTEN, and CXCR4
were markedly downregulated in lesion tissue compared with the endometrium
from women without endometriosis. The authors concluded that the differentially
expressed miRNAs could modulate VEGFA, EGFR2, PTEN, and/or CXCR4 expres-
sion and contribute to the pathogenesis of endometriosis. Their conclusion is quite
similar to other researchers from Spain [181]: the expression levels of miRNAs
related to angiogenesis (the pro-angiogenic factors (VEGF-A) and the angiogenesis
inhibitor thrombospondin-1 (TSP-I) are different in eutopic endometrium from
that observed in ovarian endometrioma, rectovaginal nodule. Ovarian endome-
triomas exhibited significantly lower levels of pro-angiogenic VEGF-A mRNA and
protein and higher levels of miR-1254 and miR-222 than the corresponding eutopic
endometrium. In contrast, levels of the angiogenesis inhibitor were significantly
higher in endometriomas, and this was associated with reduced levels of miR-17-5p.

According to the results of the last mentioned study [170], it was considered
that from the initial generation of miRNA profiles, investigations were focused on
specific miRNAs and putative targets, which can become relevant to the patho-
physiology of endometriosis and may aid in determining whether these miRNAs
function as drivers of the disease.

miR-126 was proposed to be analyzed as a regulator of angiogenesis, growth,
adhesion, and invasion in ectopic endometriotic lesions versus eutopic endome-
trium of disease-free women, and the results of this parameter are discordant—
higher in earlier studies [136], and reduced in the more recent one, the level of
reduction being parallel to the severity of endometrioma [182].

4.6 Epigenetics in endometriosis: methylation pattern of sexual steroid
hormone receptors

There is accumulating evidence that various epigenetic aberrations exist in
endometriosis. In the last 10 years, evidence from reviewed and retrieved studies
has emerged that endometriosis may be an epigenetic disease [153], epigenetics
appearing to have a better explanatory power than genetics, and to be a common
denominator for hormonal and immunological aberrations in the puzzle of endo-
metriosis. Genomic imprinting; DNA methylation; histone modifications with dif-
ferent nominations (acetylation/ histone phosphorylation/histone ubiquitylation/
histone sumoylation); microRNAs [183] and recently discovered, stranded, non-
coding RNAs (ncRNAs) [168]; transcription factor network; and chromatin remod-
eling are known to regulate transcription of target genes. Genomic imprinting is an
epigenetic phenomenon known to regulate DNA methylation of either maternal or
paternal alleles [184], and the male and female germ lines guide the allele-specific
DNA methylation marking and histone modification onto specific gene regions of
parental alleles [185]. The epigenome, the collection of DNA methylation, and the
histone modifications can be influenced by environmental factors. Exposure to
xenobiotics, chronic inflammation, and transient hypoxia are associated with DNA
hypomethylation of stromal endometrial stem cells through the destabilization of
DNMT1 mRNA; DNMT1, DNMT3A, and DNMT3B are overexpressed in the epithe-
lial component of endometriotic implants as compared to normal controls or in the
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eutopic endometrium of women with endometriosis [186], but fetal programming
postulates that chronic adult-onset diseases with an epigenetic component originate
in utero when the early embryo is exposed to factors that permanently shape its
epigenetic mark, a fact presented in the previous subchapter.

Aberrant DNA methylation represents a possible mechanism, linking gene
expression alterations observed in endometriosis with hormonal and environ-
mental factors. Methylation is one of the most important epigenetic functions that
implies the addition of methyl group at the DNA dinucleotides in the position 5 of
the cytosine of the “promoter” zone and induces silencing of the gene under DNA
methyltransferase action [68, 187].

Endometriotic lesions have altered methylation patterns of ER-B, and the ER
may mediate regulation of one another [188]. The authors consider that aberrant
DNA hypomethylation of ER may favor the progression to cancer of old ectopic
endometrial lesions.

DNA methylation makes possible the process “epithelial to mesenchymal transi-
tion” (EMT), in which the epithelial cells lose polarized organization of the cyto-
skeleton and cell-to-cell contacts, acquiring the high motility of mesenchymal cells.
It is supposed that two stimulating signals, hypoxia and estrogen, can activate the
EMT process in endometriosis through different pathways. The pathways involve
many cellular factors such as TGF-p and Wnt, ultimately leading to cell proliferation
and migration, and the changes of epithelial cells are thought to be prerequisites for
the original establishment of ectopic endometriosis lesions [189].

The reasons for non-response to progestins in endometriosis are not entirely
clear, studies point the possible epigenetic silencing of the PR gene, without knowl-
edge of causes for the epigenetic silencing of PRs. DNA methylation of the ER and
PR promoter has been demonstrated in endometriosis; inflammation and oxidative
stress can be involved in epigenetic changes in DNA and chromatin remodeling
proteins [190-192]. ER-p promoter is hypomethylated in endometriotic cells, which
accounts for its overexpression [193]. The promoter of PR-B hypermethylation
is concomitant to reduction of PR-B, a fact explaining progesterone resistance in
endometriosis [11, 114].

Ectopic endometrial stromal cells are hypomethylated, and are different from
normal endometrial stromal cells which are hypermethylated [194].

The hypermethylation of HOXA 10 promoter reduces HOXA 10 expression in
induced endometriosis of stromal endometrial cells of mice [195].
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What are the objectives of the genetic study of individuals? There is great interest from
the medical community and also much concern from the lay press about the potential
benefits and harms of genetic screening, gene therapy, and even the possibility of
cloning individuals. The current use of genetic tests for the detection and treatment
of endometriosis is still at an early stage but very important. The determination of
susceptibility markers will be increasingly explored in clinical studies and their uses
will be much more defined. Still, it seems increasingly likely that major changes will
occur over the next decade in how we evaluate and treat our patients. In particular,
surgeons and clinicians will have the opportunity to use a number of new tests to
predict the future appearance of endometriosis in patients still free of the disease.
They may have the power to explore the best therapeutic modality for a particular
patient according to his/her genetic makeup. And they will be able to more specifically
target prevention measures for family members of people already affected by the
disease. It should be understood that molecular diagnosis, especially in asymptomatic
individuals, does not mean disease but an increased risk of developing a disease.
Ethical implications exist and should not be underestimated. Patients should be
advised about the likely implications of such tests, not only after but especially before
the achievement of these. A major step has already been overcome and we currently
have the basic tools for a new leap in understanding human pathologies responsible for
much of the world’s mortality. Bridging the great barrier that still separates this basic
knowledge and clinical practice is quite a significant challenge.

978-1-78985-

Published in London, UK

ISBN 136-6
I LIEE
© Shannon Kohn / iStock InteChOpen 97781 6

789785136




	Molecular Bases of Endometriosis - The Integration Between Research and Clinical Practice
	Contents
	Chapter1
Introductory Chapter: Changes in the Approach of the Patient with Endometriosis and the Development of Genetics and Molecular Biology in Gynecology
	Chapter2
The Role of the Molecular Genetic Approach in the Pathogenesis of Endometriosis
	Chapter3
Proteomics Research and Its Possibility of Application in Endometriosis
	Chapter4
Progesterone Resistance and Adult Stem Cells’ Genomic and Epigenetic Changes in the Puzzle of Endometriosis

