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Objective: To review the mechanisms of endometriosis development, including those 
related to epigenetic mutations, cellular dysregulation, inflammatory processes, and oxidative 
stress.
Methods: A systematic literature review regarding current aspects of endometriosis etiol
ogy, genesis and development was performed using the PubMed, Google Scholar, and 
eLibrary databases. Keywords included endometriosis, etiology, development, genesis, asso
ciations and mechanisms. A multilingual search was performed.
Results: Several mechanisms underline the pathophysiological pathways for endometriosis 
development. Epigenetic mutations, external and internal influences, and chronic conditions 
have a significant impact on endometriosis development, survival and regulation. Several 
historically valid theories on endometriosis development were discussed, as well as updated 
findings.
Conclusion: Despite recent advances, fundamental problems in understanding endometrio
sis remain unresolved. The identification of unknown circulating epithelial progenitors or 
stem cells that are responsible for epithelial growth in both the endometrium and endome
triotic foci seems to be the next step in solving these questions.
Keywords: endometriosis etiology, endometriosis progression, endometriosis markers, 
genesis

Introduction
Endometriosis is an inflammatory, estrogen-dependent condition associated with 
a variety of clinical manifestation.1 Estimates regarding the incidence of endome
triosis in the populous vary widely. This multiform and complex disease, affecting 
approximately 10% of women in reproductive age, has profound influence on the 
wellbeing of many patients.2 The ovaries, fallopian tubes, and pelvic peritoneum 
are most commonly affected in endometriosis. The nature of the disease remains 
unknown. Although the exact etiology of endometriosis remains unclear, it usually 
involves various genetic, ecologic, immune, angiogenic, and endocrine processes. 
In this review, we aim to explore historically significant and substantial new data 
regarding endometriosis etiology and development.

Materials and Methods
A systematic literature review was based on search for information regarding 
etiology, genesis, development aspects of endometriosis, using the PubMed, 
Google Scholar, eLibrary databases. We studied the references and conducted 
a citation search. Two co-authors independently selected, evaluated, and extracted 
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data. Keywords of the strategy of the search were the 
combination of the following terms in English and 
Russian languages: endometriosis, etiology, development, 
genesis, associations, mechanisms. Foreign language 
material was included in this study. The criteria for inclu
sion of the literature source were limited to the presence of 
information regarding the etiology, pathogenesis and 
developmental aspects of endometriosis, including original 
studies, structured reviews. The criterion for the exclusion 
of the article was based on study design (case reports, 
unstructured literature reviews, surgical studies, pharma
ceutical studies were excluded), availability of the study 
(subscription access, open access), date of publication 
(later than 2000 studies included, and historically impor
tant studies) and relevance.

Primary evaluation indicated that our search strategy 
had identified a large number of irrelevant studies. Criteria 
to eliminate studies that did not address our research 
question were developed throughout article processing in 
order to narrow the ongoing search. Primarily, we included 
original research articles and reviews that discussed find
ings on endometriosis epidemiology and etiology. We later 
included short communications and conference publica
tions and excluded literature reviews written with case 
reports and non-conventional studies. These criteria iden
tified a total of 341 articles for review. Next, we narrowed 
our inclusion criteria to articles published after 2000, with 
the exception of articles of significant historical value, 
which provided us with a total of 88 articles for review.

Results
Endometriosis Development Theory
Many different histological models have been suggested to 
explain the origin of endometriosis. The metaplastic theory 
suggests the possibility of endometriosis foci coming from 
multipotent peritoneum. Metaplasia in this theory is 
regarded as transformation of a differentiated cell type 
into another differentiated cell type. Similar to 
Müllerianosis,3 metaplastic foci of endometriotic lesions 
are thought to be derivatives of embryonic tissue. This 
theory bases its relevance on the fact that peritoneal and 
endometrial cells come from a common embryologic pre
decessor - the coelomic epithelium. Evidence suggests that 
endometrioid foci may be found not only in the mesothe
lial pleura, but also in the respiratory and urinary tract 
epithelium.4,5 The support for this theory comes from the 
presence of a transitional form occurring out of the 

mesothelium to the foci of the local ovarian 
endometriosis.6 Ovarian endometriosis is considered an 
outcome of mesothelial introduction into the ovarian cor
tex, coming from primordial follicle evolution.7 In this 
theory, the main role primarily centers within the epithelial 
component.

Studies regarding ectopic endometriosis showed that 
most cancer-associated mutations were found in epithelial 
cells.8 Mutations in the PIK3CA, KRAS, ARID1A, and 
other cancer-driving genes in benign pelvic endometriosis 
tissue, including the ovaries, are well-determined predis
posing factors.9–15 Surprisingly, the epithelium of clini
cally and histologically normal endometrium samples 
appeared mutated as observed in endometrioid epithelium 
and in some types of cancer.16 Overtime, endometrioid 
disorders may analogously obtain genetic mutations, 
which are commonly associated with cancer, such as 
those caused by oxidative stress, replicative aging, or 
other, yet unidentified, factors.17 To date, endometriosis- 
related epithelial mutations have not been proven to 
increase the cancer risk of their carriers. However, it is 
clear that an endometrioid transformation exists in neo
plastic lesions, which occur in 0.7–1.6% patients.18 The 
clear-cell and endometrioid carcinomas are the most com
mon malignancies in such cases.19

Notably, some animals who do not have menstrual 
cycles do not suffer from endometriosis.20 Only menstru
ating primate females suffer from endometriosis, which 
evolves spontaneously, thereby suggesting the etiopatho
genetic association of this disease with uterine specificity 
and mechanisms involved in menstruation.20 Compared to 
most placental mammals, the endometrial stroma differ
entiates into decidual cells with post-ovulatory increase in 
progesterone levels, which is an evolutionary unique 
mechanism for humans and mammals.21 This differentia
tion is not induced by blastocyst implantation.22 

Decidualization in females is introduced with every ovu
latory cycle, regardless of the onset of pregnancy.23 The 
following decidual generation and its support depends on 
progesterone levels. If decreased levels are not associated 
with pregnancy, apoptosis is provoked as well as the 
rejection of endometrium functional layer.24

The Sampson model attempts do include the clinical, 
historical, and evolutionary aspects of endometriosis.25 It 
proposed that endometriosis occurs due to retrograde 
menstruation with subsequent endometrioid tissue 
implantation and growth outside of the uterus.26 The 
existence of the menstrual reflux is the most common 
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etiologic theory of endometriosis and explains the spread 
of endometriosis throughout the pelvis (peritoneum and 
ovaries). Artificially explanted endometrioid tissue sup
ports this theory demonstrated by the ability of endome
triosis to evolve in mice.23,27 The spontaneous frequency 
of endometriosis in women increases with prolonged life 
expectancy and increased number of ovulation cycles.28 

However, this model has some contradictions. Only 10% 
of women develop endometriosis, whereas partial retro
grade menstruations are normally present in the majority 
of women. This model does not include endometriosis 
cases which occur randomly out of the menstrual cycle 
or located outside of the pelvic region. The later has 
been linked to a possible dissemination of menstrual 
tissue from the endometrial cavity through veins or the 
lymphatic system; however, this assumption is not com
monly accepted and remained experimentally 
unproven.25

Recently, the Sampson model was expanded to include 
molecular characteristics. It aims to explain why all retro
grade menstruation does not lead to endometriosis. Several 
changes within the genetic regulatory pathways have been 
found in some endometrial stromal cells, which control 
hormonal triggers in menstruating primates and initiated 
the development of endometriosis.23,29 Epigenetic defects, 
which trigger the uterine physiological reaction to ovarian 
hormones, in turn affect endometriosis appearance and 
progression, shown by the detection of several methylated 
genes in endometrial cells.23,30 Etiologically, a major role 
is given to the stromal cell, where the pathogenetic 
mechanisms are turned on through epigenetic defects. 
This creates a very specific endometrial phenotype for 
applicable progesterone resistance, apoptosis and the dys
regulation of other molecular processes involved in pro
gesterone-dependent endometrial differentiation.31,32 

Additionally, stromal component is prevalent in endome
triosis foci, and particularly, stromal cells show the major
ity of key molecular endometriosis-related abnormalities, 
such as the production of estradiol, cytokines, and 
prostaglandins.27 Theoretically, this cellular component in 
the pelvis during retrograde menstruation likely leads to its 
implantation with tissue growth resembling endometrioid 
morphology.23 Changes in gene expression in the eutopic 
endometrium of mice after induction of endometriosis led 
researchers to speculate about connection via endometrioid 
signals, which altered ectopic endometrial gene expression 
by epigenetic programming.33

Epigenetic Defects
The role of epigenetic factors has been linked to endome
triosis progression.23 Epigenetic modifications are reversi
ble modifications of the DNA or histone proteins, which 
regulate gene expression with no sequencing changes to 
DNA, unlike genome or genetic mutations. Cytosine 
methylation and the methylation or acetylation of the 
specific histones, are two ways to obtain the most specific 
epigenetic (involving specific genes) or epigenomic (invol
ving genetic aggregates) modifications. DNA methylation 
is an important regulator of genetic expression and differ
ences in DNA methylation influence many pathological 
processes in endometriosis. Particularly, research on gene 
expression proliferation showed that endometriosis-related 
stromal cells had abnormal patterns of DNA methylation. 
They expressed changing DNA-methyltransferase 
(DNMT) −1, −3A, and −3B enzyme levels, which catalyze 
the methyl group addition to C5 cytosine within the target 
cytosine-phosphate-guanine (CpG) dinucleotides.34 

DNMT-3B aberrantly expressed itself inside eutopic endo
metrial and endometriotic stromal cells during deciduali
zation, linking to genetic areas of the steroidogenic factor 
1 (NR5A) and estrogen alpha-receptor (ESR1).35,36 Also, 
abnormal DNA methylation in endometriosis activates the 
expression of several genes, including homeobox A10 
(HOXA10), estrogen beta-receptor gene (ESR2), progester
one receptor (PGR), aromatase (CYP19A1, HOXC6, and 
ALDH1A2) (Figure 1).23,31,37,38

Pathologic DNA methylation is a very important com
ponent of endometriosis transformation. The uterine phy
siological transcription factor GATA, which belongs to the 
HOXA gene, plays a crucial role leading to the expression 
shift of the GATA isoform resulting in specific stromal cell 
endometrioid phenomenon.39 GATA-related functional 
analysis showed that GATA2 regulates key genes neces
sary for hormonal differentiation of normal stromal cells; 
however, it is hypermethylated and repressed within the 
endometrioid cells.23,40 Simultaneously GATA6, which is 
hypomethylated and abundant in endometrioid cells, 
blocks the hormonal sensitivity as well as GATA2 (over
expression of GATA6 leads to a 2-fold decrease in the 
GATA2 mRNA expression), and induces endometriosis 
markers.23

A recent study showed an 8.7-fold reduction in GATA2 
mRNA levels and a simultaneous 9.2-fold GATA2 mRNA 
increase within endometrial stromal cells.23 

Immunofluorescence of GATA2 positive cells turned out 
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very specific for the ectopic areas, which was character
ized by a weak reaction and a unique punctate appearance. 
GATA6-induced overexpression within endometrial 
stroma shows that stromal cells demonstrate 
a pronounced change in gene expression, which was com
mon in endometrioid cells: ESR1 and PGR mRNA 
decreased by 1.6-fold and 2.6-fold, respectively. In con
trast, mRNA expression of ESR2, NR5A1, and CYP19A1 
increased by 2.5-fold, 22.4-fold, and 8.5-fold, respectively. 
Finally, GATA6 overexpression reduced the endometrial 
stromal cellular ability for decidualization by blocking 
FOXO1, HAND2, PRL, and IGFBP1 genes. Additionally, 
neither endogenous GATA6 inhibition, nor GATA2 expres
sion within the endometriosis-related cells improved the 
hormonal status and did not replace the cellular ability for 
decidualization. This way, epigenetic changes in the 
HOXA gene clusters, which are accompanied by GATA2 
regulation and hypermethylation, as well as the GATA6 
hypomethylation and activation, are the starting points in 
the development of progesterone resistance and changing 
estrogen reactions in endometriosis.23

Another HOXA gene cluster representative is HOXA- 
10, a well-known transcription regulator belonging to the 
homeobox gene subfamily, which is the transcription fac
tor GATA. It plays a central role in adult uterine organo
genesis, embryogenesis and endometrial functional 
differentiation.41 HOXA-10 expression is usually 
increased in the human endometrium at the beginning of 
the implantation period, and its levels increase drastically 

in the middle of the secretory phase of the menstrual 
cycle.42 HOXA-10 is the progesterone target, and it parti
cipates in downstream signal transmission in the endome
trium. HOXA-10 deficient mice are infertile due to the loss 
in the ability of stromal cells to react to progesterone.31 

HOXA-10 is one of the important proteins determining the 
receptivity of the endometrium, as it regulates the pinopo
dia formation, integrin αvβ3 production activity, and pros
taglandin receptors.41,43

Gene expression proliferation studies showed that 
HOXA-10 is an important regulator of two critical events 
in implantation: stromal cell proliferation and local 
immunosuppression.41 Most studies report that HOXA-10 
expression declines within the implantation period in 
infertile female patients for different reasons.41–47 The 
defective HOXA-10 expression in the endometrium during 
the middle-secretory phase may be related to endometrio
sis, adenomyosis, polycystic ovarian disease, submucosal 
uterine leiomyomas, and hydrosalpinx; these conditions 
are associated with endometrial implantation insolvency. 
However, at this point a consensus regarding its role in the 
implantation process in women with endometriosis is lack
ing. Moreover, the connection between the HOXA-10 
gene aberrations and a lack of implantation in endome
triosis remains unclear.42 HOXA-10 gene expression in the 
eutopic endometrium in endometriosis is significantly 
lower than in women with no endometriosis due to the 
hypermethylation of its promoter.39 Additionally, HOXA- 
10 levels correlate with endometriosis severity. In female 

Figure 1 Schematic representation of epigenetic changes associated with endometriosis.
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patients with tougher endometriosis, the expression is 
much lower compared to women with moderate and mild 
levels of the disease.42 Furthermore, HOXA-10 gene 
expression in eutopic endometrium samples is quite dif
ferent in patients with endometriosis but without fertility 
loss compared to cases with endometriosis-related inferti
lity, showing a 1.8 and 3.5-fold decrease compared to 
healthy women (without infertility or endometriosis).42

Aberrant Estrogen Synthesis
As previously mentioned, the characteristic disorders invol
ving DNA methylation in endometriosis include the hypo
methylation of the CpG-area within the proximal promoter 
NR5A1. Following activation by the ascending stimulating 
factor 2 (upstream stimulatory factor 2: USF2), an aberrant 
expression of steroidogenic factor-1 (SF-1) is achieved.48,49 

SF-1, also known as Ad4BP, belongs to the nuclear receptor 
family of intracellular transcription factors.48 In the beginning 
of the 1990s, it was identified as a steroidogenic enzyme 
regulator.49 SF-1 controls many aspects of the adrenal glands 
and reproductive system, and plays an important role in 
embryonic growth and sexual differentiation. Additionally, it 
participates in multilayer gene expression regulation of many 
hormone-producing enzymes.49–51 SF-1 induces the expres
sion of the steroidogenic acute regulatory protein (StAR), 
which is another key enzyme playing a major role in estrogen 
synthesis. StAR mediates cholesterol translocation from the 
cytoplasm within the mitochondria and supports cells with 
substrates for estrogen synthesis.50,52 Moreover, SF-1 
increases the expression of aromatase, inducing transcription 
factors of the aromatase II promoter, including the CCAAT/ 
enhancer-binding protein, unidentified enhancers and co- 
activators 1 and 2.49,50

P450arom, which is coded by the CYP19A1 gene, is 
also hypomethylated in endometriosis and is a key estro
gen biosynthesis enzyme. P450arom is responsible for the 
androstenedione transformation into estrone, and is further 
converted into the biologically active estradiol by the 17β- 
Hydroxysteroid dehydrogenase 1 (17β-HSD1) enzyme.52 

P450arom activation may also result from prostaglandin 
E2 (PGE2) stimulation. PGE2 synthesis increases follow
ing the increase of cyclic adenosine monophosphate 
(cAMP) and the activation of some downstream signaling 
pathways within stromal cells.50 At the same time, PGE2 
induces SF-1, an aromatase transcription regulator. 
Simultaneously, aromatase overexpression supports the 
sustainable production of PGE2, which mediates endome
triosis-related inflammation (Figure 2).53–56

SF-1 is expressed within endometriotic cells and is not 
detected in normal endometrium.39 SF-1 and StAR expres
sion levels in ectopic endometrium correlate with endome
triosis progression stage.50 An experimental model which 
conditionally expresses SF-1 within eutopic endometrium 
in vivo, showed weakening sensitivity to estrogen and 
progesterone. Auto-transplantation of uterine tissue into 
the pelvic membrane lead to ectopic disorder growth and 
the induction of endometriosis.21 Reports have suggested 
that the expression of SF-1 within an eutopic endometrium 
is associated with a high risk of endometriosis; however, 
some studies have indicated that SF-1 was not detected in 
eutopic endometrium of women with endometriosis.57–59 

Nevertheless, endometrial stromal cells contain the full 
steroid genome for de novo synthesis of estradiol out of 
cholesterol, which aggravates and supports the disruption 
of endometrial steroid regulation in endometriosis.

Estrogen-Induced Inflammation
Endometrial estrogen receptors are represented by two 
forms: estrogen alpha receptors (ERα), which are coded 
by the ESR1 gene; and estrogen beta receptors (ERβ), 
which are coded by the ESR2 gene. Although they are 
transcribed by different genes, estrogen receptors possess 
very similar primary structures.31 Due to the DNA methy
lation pattern disorder within stromal cells, the balanced 
expression of estrogen receptors becomes disrupted. CpG 
hypomethylation within the ESR2 promoter area leads to 
a high level of ERβ expression within the endometrioid 
stromal cells, with the ESR1 gene becoming hypermethy
lated. Subsequently, the ERα mRNA level and the ERβ 

Figure 2 Schematic representation of aberrant estrogen synthesis pathological 
functional system.
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protein levels increase significantly within the endome
trioid stromal cells.60 ERβ becomes a dominant isoform 
and a key estrogen mediator in ectopic foci and eutopic 
endometrium in endometriosis.60–63

ERβ mediates estradiol-stimulated cyclooxygenase-2 
(COX-2) and leads to the hyperproduction of PGE2, 
resulting in increased angiogenesis and inflammatory reac
tions in endometriosis (Figure 2).56,64 PGE2 maintains the 
P450arom chronic overexpression as well as stable pro
duction of estradiol, supporting the fact that inflammation 
stimulates estrogen expression, and that estrogens promote 
inflammation.65 These conditions create a pathological 
functional system, which exacerbates the effects of each 
other.

Endometriosis-Related Immune 
Inflammation
According to most studies, immunologic dysfunction also 
leads to the development of endometriosis.64,66 The levels of 
immunocompetent cells such as monocytes, macrophages, 
natural killer cells, T- and B-lymphocytes, and regulatory 
T-cells as well as inflammation-derived cytokine and che
mokine concentrations within the peritoneal fluid are ele
vated in patients with endometriosis.67 Among the main the 
inflammation-related factors, macrophages are usually pre
sent and are thought to play a critical role in endometriosis. 
Moreover, macrophages produce important inflammatory 
factors including monocyte chemoattractant proteins 
(MCPs), plasminogen activators, adhesion molecules, heme- 
oxygenase molecules, cytokine molecules, prostaglandins, 
and COX-2.68 These factors induce cell proliferation by 
fibroblasts in the endothelium, which in turn participate in 
further inflammation, tissue recovery, and neovasculariza
tion through the secretion of cytokines.1,69,70 Peritoneal 
macrophages can produce lytic enzymes, which increase 
and stimulate the implantation and proliferation of endome
trioid cells within the abdomen and reinforce angiogenesis 
within the ectopic foci.71,72 The activation of macrophages 
during endometriosis has already been proven. It used to be 
aberrant to believe that macrophages are active within the 
ectopic foci;66 however, currently it is regarded that this 
activity is natural and not a redundant reaction to the endo
metrial tissue located outside of uterus. The macrophages 
perceive signals such as hypoxia, cellular injury, and iron 
overload within the injury foci and tend to reestablish local 
homeostasis.73 In other words, the macrophages perceive the 
endometriosis focus as a wound and activate adequate 

processes which lead to the ectopic cell survival and tissue 
vascularization. This way, they support the estrogen- 
provoked inflammation and become another member of the 
pathophysiologic process.

The role of macrophages in the growth and develop
ment of eutopic endometriosis remains debatable. On one 
hand, the macrophages are the leukocytes located within 
the tissue, and these leukocytes are key components of 
immune response and produce inflammatory and anti- 
inflammatory substances. In contrast, the exact number 
of macrophages within eutopic endometrium in endome
triosis is variable. A study showed that the number of 
CD68 positive cells (a marker of mature and active 
macrophages) in the endometrium decreased in the early 
proliferative phase, and did not significantly differ in 
other phases.74 Another report showed that a significant 
increase in the number of macrophages in the proliferative 
phase of an eutopic endometrium in patients with 
endometriosis.75 Also, there is data suggesting that the 
number of macrophages within an eutopic endometrium 
increase during the menstrual cycle.76 However, it is 
unclear whether eutopic immune changes are primary or 
secondary.

It is not the quantity of macrophages, but rather the 
quality of research, in particular the ratio of macrophage 
subpopulations within eutopic endometrium that causes so 
much interest. Macrophages are polarized functionally into 
the M1 and M2 cell lines. M1 macrophages express induci
ble nitric oxide synthase (iNOS) and tumor necrosis factor 
(TNF). They produce a large amount of nitric oxide under 
oxidative stress. The main function of M1 macrophages is to 
protect against local infection with bacteria, viruses, and 
fungi. M2 macrophages play an important role in the 
response to parasitic infection and also in tissue remodeling, 
angiogenesis, and neoplastic progression. Endometrial 
macrophages are normally of the M2 lineage,77 although in 
endometriosis, the macrophage population ratio is shifted 
toward the M1-active form.76 In this manner, the M1-M2 
macrophage polarization disorder in eutopic endometrium 
may play an essential role in disease progression.78

Steroid Hormone Receptor Expression 
Changes
The cyclic changes in endometrial tissues are controlled 
primarily by ovarian steroid hormones. The main effects of 
estrogen and progesterone indirectly self-realize through 
their connection with corresponding nuclear receptors of 
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the glands and endometrial stroma. For this reason, many 
researchers assign a decisive role in the interaction of the 
functionally reliable endometrial receptors, rather than the 
impact of steroid hormones on the endometrium. The 
estrogen receptors (ER) and the progesterone receptors 
(PR) are located closely related and are co-regulated.79 

In addition to the proliferation and stimulation of endome
trial cells and the increased expression of an own receptor, 
upon estradiol activation, the ER is translocated to the 
nucleus and binds to a PGR promoter, thereby increasing 
the expression of PR.27,60,80 Therefore, the endometrium 
should be susceptible to estrogen, so that it eventually 
reacts to progesterone hormone action. Progesterone not 
only increases the synthesis of its own receptors, it also 
decreases ER and PR expression as part of its own biolo
gical activity. This way, the specific receptor expression 
levels depend on specific hormonal blood levels as well as 
the concentrations of other steroid hormones.

As mentioned above, the endometrial estrogen receptor 
is represented by two forms, ERα and ERβ, which are 
different from each other in their endometrial functions. 
An α-receptor expression is highest in the stroma and 
endometrial glands during the entire proliferative phase 
of the menstrual cycle. ERβ primarily plays an important 
functional role in ovulation, plus it participates within the 
decidualization and “maturation” of the cervix during 
pregnancy. There is usually a switch between ERα and 
ERβ expression during pregnancy, with the disappearance 
of ERβ accompanying the onset of labor.31 The highest β- 
receptor expression level is detected in endometrial epithe
lial cells within the preovulatory period, and the last 
secretory phase within the stromal and endothelial cells.31

Progesterone receptors are presented by two ligand- 
binding forms: PR-A and PR-B. They differ in the 
N-ends, and the PR-A protein is 164 amino acids shorter 
than the PR-B, because these isoforms are transcribed by 
two promoters of the same gene. It is suggested that the 
progesterone action in the endometrium, during the secre
tory phase of the menstrual cycle and early period of 
pregnancy, is carried out through the activation of 
A-subtype receptors, located in endometrial stromal 
cells.31 The progressive differentiation of endometrial stro
mal cells into decidual cells, which are unique in their 
trophoblast invasion regulation and local immune reac
tions, is the main result of the progesterone action during 
the second phase of the menstrual cycle.

The main function of the endometrium is the fixation 
of the blastocyst and following thromboblast invasion. The 

period of maximal endometrial susceptibility, when the 
probability of the blastocyst implantation is the highest, 
is called the implantation window. The implantation win
dow opens up when the progesterone plasma concentration 
is greatest, within 7–10 days after the ovulation period, 
and it involves 20–24 days of a 28-day menstrual cycle, 
which corresponds to the middle stage of the secretion 
phase.43 The synchronous complementary expression of 
growth factors, extracellular matrix components, and 
membrane bound receptors during this time plays 
a decisive role in the fixation of the blastocyst implanta
tion on top of the luminal epithelial apical surface, and the 
trophoblast invasion direction through such barrier.81–83

Since steroid hormones play a key role in the functioning 
of the endometrium, many researchers have evaluated the 
levels of ER and PR expression within the implantation 
window period. Changes in the expression of steroid hor
mones within the implantation window period are thoroughly 
reported in healthy reproductive women, and also in patients 
with different pathologic conditions, which can influence 
endometrial receptivity. The decrease in ERα expression 
within the endometrial glands and stroma provides proof of 
an implantation window discovery.83,84 ERα overexpression 
is related to an induction of its subordinate genes: mucin-1 
(MUC-1), insulin-like growth factor-1 (IGF-1), and leuke
mia-inhibitory factor (LIF), which leads to endometrial 
receptivity disturbance.85,86 Progesterone-regulated ERα dis
appearance in the middle of the luteal phase supports the 
ability of progesterone to solely influence the stroma through 
the specific activation of its related receptors. In response to 
progesterone, paracrine stromal activity leads to gene expres
sion in epithelial cells, which is necessary for implantation.84 

Within an ectopic focus, ERβ mRNA and receptor levels are 
significantly higher than ERα and PR and PR-B, in particular, 
decreases significantly.60 An eutopic endometrium in 
patients with endometriosis also shows much higher expres
sion of ERβ, which suggests that extremely high levels of 
endometrial ERβ may predispose women to endometriosis 
progression.60 Moreover, a decreased coordinated process 
for steroid hormone receptor expression becomes destroyed 
in the luteal phase cycle; therefore, ERα expression increases 
during the middle stage of the secretion phase.87 In endome
triosis, this index may also surpass the PR expression level. 
Progesterone resistance, a hypersensitivity to estrogen and 
a local increase in estrogen production may become a reason 
for ER hyperexpression within an eutopic endometrium in 
the middle of luteal phase.84,87
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Notably, progesterone blood levels do not affect the 
expression of progesterone receptors, and plasma proges
terone levels in various females are not significantly 
different.81,88 Many researchers have noticed that PR 
expression in the nuclei of stromal cells in patients with 
endometriosis is lower compared to normal 
endometrium.81 This may be related to both hypermethy
lation of the PGR promoter area and to an abnormally high 
ERβ/ERα ratio in the endometrioid stromal cells, which 
may disturb the PGR gene by inducing estradiol.27 

Through its own receptors, progesterone causes 
a resistance to endometrial growth, which is induced by 
estrogen. Insufficient progesterone action sharply increases 
the risk of endometrium hyperplasia. Simultaneously, pro
gesterone promotes growth through an increase in prolif
eration, cellular hypertrophy, and the formation of an 
extracellular matrix in the uterine leiomyoma; in the mam
mary gland, particularly in breast cancer, progesterone has 
a proliferative effect and is a carcinogenic hormone.89 The 
key difference between these tissue types and the endome
trium, which could explain the very different effects of 
progesterone, is based on the stroma paracrine interaction 
with the epithelium. Here, a normal endometrium is com
posed of stromal cells which express an abundant amount 
of the PR and results in a paracrine effect in epithelium 
proliferation and differentiation.90,91 Even though stroma 
decidualization is the main result of the actions of proges
terone, the most pronounced difference between PR 
expression in infertile females and fertile controls occurs 
in epithelial cells.92

While most studies suggest a characteristic change in 
the receptor expression of steroid hormones in the eutopic 
endometrium (endometriosis), a study from the Sao-Paulo 
University (Brazil) showed no significant differences in 
PR expression compared to the control group.93 A global 
analysis of endometrial gene expression in patients with 
endometriosis revealed disparities in the regulation of 
some target progesterone genes during the implantation 
window time period.94,95 Here, the progesterone resistance 
may be explained by a possible PR deficit in poorly 
differentiated stromal cells, and by following the transfer 
of progesterone signals through a molecular cascade.96

Genetic/Epigenetic Theory of 
Endometriosis Pathogenesis
Due to the fact that existing theories of endometriosis 
pathogenesis cannot explain the specific mechanisms 

behind endometriotic transformation, exogenous survival 
and invasive patterns, a polygenetic/polyepigenetic theory 
of endometriosis pathogenesis was proposed.97 The theory 
of genetic/epigenetic pathogenesis serves as a unification 
theory including all previously discussed mechanisms of 
pathological transformation. This theory suggests that 
endometriosis development is a result of specific genetic 
and epigenetic incidence that are transmitted at birth, 
accounting for predisposition to the disease, endometrio
sis-associated endometrium changes, immunological pecu
liarities and placentation. The genetic/epigenetic theory 
provides a review of DNA sequence chromosomal altera
tions, occurring either due to genetic mutations or noxious 
agents, and their effect on multimodal transmission of 
endometriosis predisposition. More so, this theory explains 
the previously discussed effects of oxidative stress, hor
monal imbalance and other influencing factors on endome
triosis progression, which damage native DNA and 
promote pathological reorganization of genetic informa
tion, warranting endometriosis associated changes.

As such, the genetic/epigenetic theory states that endo
metriosis is brought about by a cumulative set of genetic 
and epigenetic incidents, which lead to defects in normal 
cellular physiology. These incidents are a result of specific 
pathological influence: both genetic and not genetic. 
A major influencing factor is inflammation,98 resulting 
from both bacterial and viral presence. Recently, it has 
been discussed that the genetic-epigenetic factors support
ing endometriotic cellular transformation are potentiated 
by environmental pollution, oxidative stress and inflam
mation-inducing agents.99

Cancer and Endometriosis
Many of the above described pathogenetic mechanisms are 
commonly seen in tumor progression patterns. Two scenar
ios leading to endometriosis-associated cancer have been 
proposed.100 The first involves damage from recurrent 
hemorrhages from extracellular hemoglobin, iron, and 
heme, which cause cellular oxidative damage by with con
sequent DNA damage and malignant-transforming muta
tions. The second scenario assumes constant production of 
antioxidants, which help to maintain the tumor environment. 
Both options support the redox imbalance theory.

It have been shown that overexpression of HNF-1β is 
seen in endometriotic lesions regardless of signs of epithe
lial atypia. HNF-1β presence confirms a histogenetic rela
tionship between ovarian endometriosis and 
adenocarcinoma cells.101 Such processes as oxidative 
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stress, prevalence of certain cytokines, genetic mutations, 
and hyperestrogenism, seen in recurrent endometriosis are 
often seen in ovarian and cervical cancers, showing 
a connection between endometriosis and cancer.102 The 
balance of oxidants and endogenous antioxidants can 
play an important role in malignant transformation of 
endometriotic lesions. Atypical endometriosis is especially 
dangerous and is considered by some researchers as an 
intermediate precursor linking classical endometriosis and 
clear cell adenocarcinoma.103–105

The genetic aspects of endometriotic oncotransforma
tion play an important role in understanding the associa
tions between endometriosis and cancer. In a study of 
genetic expression profiles in both endometriotic and 
normal epithelium, numerous somatic mutations were 
found in genes seen in ovarian cancer associated with 
endometriosis.106 Such cancer-associated mutations were 
identified in genes KRAS, ARID1A, PIK3CA, KRAS, 
PPP2R1A, ARID1B, PIK3R1, PTEN, MLL3, FBXW7 
and ARHGAP35.11,14 Interestingly, a consensus regard
ing endometriosis association with cancer has still not 
been made, as such mutations are even regarded as 
a normality in endometriotic tissue.107 Despite this, 
endometriotic tissue has been pinpointed as the source 
of various forms of ovarian carcinomas, which are col
lectively known as endometriosis associated cancer.108

As of today, certain types of ovarian malignancies are 
associated with endometriosis, arising from a pre-existing 
endometriotic lesion. These tumors include ovarian clear 
cell carcinoma, ovarian endometrioid carcinoma, and ovar
ian seromucinous tumors, which are characterized by com
mon molecular genetic changes including ARID1A, PI3K 
and PP2A pathways, but also have unique molecular 
changes such as microsatellite instability, CTNNB1 muta
tions and overexpression of HNF-1β.109 Nonetheless, the 
role of the endometriotic progenitor cell in oncotransfor
mation has not yet been shown, and it is unclear, whether 
the cancer arises from the endometriotic lesion, or due to 
the influence of pathogenetic factors associated with the 
endometriotic lesion.

Conclusion
Despite recent advances, fundamental problems in under
standing and diagnosing endometriosis remain unresolved. 
A key step in further understanding the ethological aspects 
of pathogenetic mechanisms of endometriosis will be the 
identification of unknown circulating epithelial progenitors 
or stem cells that are responsible for epithelial 

regeneration in both the endometrium and endometriotic 
foci. It will be equally important to determine the origin of 
these precursors and to explore their use as biomarkers for 
predicting endometriosis risk and response to treatment.
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