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ABSTRACT

This review focuses on pathogenesis of
endometriosis, its possible biomarkers and role
in endometriosis-associated ovarian cancer. We
analyzed various databases to obtain new
insights, theories, and biomarkers associated
with endometriosis. There are several theories of
endometriosis development and biomarker

changes including atypical forms. A number of
studies have attempted to establish specific,
reliable biomarkers to help diagnose
endometriosis and endometriosis-associated
diseases on the basis of different pathogenetic
pathways. Nevertheless, despite intensive
research extending even to the molecular level,
the origin, natural history, malignant transfor-
mation, and laboratory management of
endometriosis and related diseases are not yet
clearly defined. Therefore, early laboratory diag-
noses of endometriosis, its atypical form, and
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endometriosis-associated ovarian tumors are
important problems that require further study in
the context of advanced therapeutic strategies to
provide maximal health benefits to patients.

Keywords: Biomarkers; Endometriosis-
associated tumors; Endometriosis
pathogenesis; Prognosis of endometriosis;
Treatment of endometriosis; Women’s health

Key Summary Points

Ovarian endometriosis is one of the
leading causes of female infertility and is a
known risk factor for the development of
ovarian cancer.

The review summarizes data in current
literature evidence about ovarian
endometriosis, its pathogenesis,
associated and probable biomarkers, cases
of malignant transformation, principles of
diagnosis and treatment.

Despite intensive research of
endometriosis even at the molecular level,
its origin, natural history, malignant
transformation, and laboratory
management are not yet clearly
investigated.

Early laboratory diagnoses of
endometriosis, its atypical form, and
possibility of transformation to
endometriosis-associated ovarian cancers
are important problems that require
further study.

INTRODUCTION

Endometriosis is an important medical and
social problem. It is the third most common
factor in the pathogenesis of gynecologic dis-
eases after inflammatory processes and uterine
leiomyoma. Previous studies have shown that
its incidence in fertile women ranges from 10%
to 50%. It is one of the most frequent causes of
reproductive malfunction, concomitant

infertility, and chronic pelvic pain syndrome
development [1]. About 80% of women suffer-
ing from chronic pelvic pain and up to 50% of
women with diverse forms of infertility have
been shown to have endometriosis. Ovarian
endometriosis and adenomyosis can result in
infertility and is second in frequency after
inflammatory processes of the female genital
tract, making up from 37% to 50% of such
observations [1]. Endometriosis is an estrogen-
dependent gynecologic disease, and it rarely
appears before menarche or after menopause.
The stabilization or regression of endometriosis
could be observed during pregnancy or medical
treatment for amenorrhea [1]. The classical role
of estrogen and the great importance of para-
crine and autocrine mechanisms are well
established [1–4]. Importantly, endometriosis is
a known risk factor for ovarian cancer [5] and
can transform to atypical form and even
undergo malignant transformation in 0.7–2.5%
of cases [6, 7]. All electronic searches were
conducted on four different electronic data-
bases (MEDLINE, Scopus, Embase, and PubMed)
to retrieve relevant studies conducted over the
last 30 years. The search terms used were as
follows: ‘‘endometriosis,’’ ‘‘biomarkers’’, ‘‘en-
dometriosis pathogenesis’’, ‘‘endometriosis-as-
sociated tumors’’, ‘‘treatment of endometriosis’’.

The aim of this review is to summarize the
information in modern literature about the com-
plexityofpathogenesisof endometriosis, its ability
to undergo malignant transformation, possible
biomarkers that can be used in early diagnostics,
andprinciplesof treatment. This article isbasedon
previously conducted studies and does not con-
tain any studies with human participants or ani-
mals performed by any of the authors.

COMPLEXITY
OF THE PATHOGENESIS
OF ENDOMETRIOSIS

More than ten theories on the origin of
endometriosis have been proposed, each of
which offers an explanation of its etiology,
pathogenesis, and pathological process; but no
one theory explains all of the various forms and
manifestations of this disease [1, 2, 8–10]. These

Adv Ther (2020) 37:2580–2603 2581



theories include diverse factors such as retro-
grade menstruation, altered immune response,
coelomic metaplasia, embryonic rest theory,
lymphovascular metastasis, molecular alter-
ations, genetic instability, etc. (Figs. 1 and 2).

The most quoted two theories of endome-
trial implantation assume either that endome-
trial cells reflux or that retrograde menstruation
involving the fallopian tubes results in
implantation and proliferation elsewhere [6–8].
While both theories are plausible, they have
weaknesses. The implantation theory cannot
explain the development of endometriosis in

10–15% of women. The reflux theory of
endometrial tissue dispersing through the fal-
lopian tubes during menstrual periods is an
almost universal phenomenon, but it fails to
explain the admittedly rare cases of
endometriosis when the menstrual uterus is
absent [8–10].

According to the coelomic metaplasia the-
ory, endometriosis arises from mesothelial cells
on the ovarian surfaces that are transformed
into endometriotic gland cells. This theory
supports the rare cases of endometriosis among
men and pubertal girls [11].

Fig. 1 Possible molecular mechanisms in endometriotic
cells proliferation, survival, and progression towards
malignancy. BAF BRM-associated factor, ARID1a/b AT-
rich interactive domain-containing protein 1A/B, SMAR
scaffold/matrix attachment region-binding protein 1,
DPF1-3 zinc and double PHD fingers family 1 protein,
ACTL6a/b actin-like protein 6A/B, GPCR G-protein-
coupled receptors, GRB2 growth factor receptor-bound
protein 2, RAS protein superfamily of small GTPases, Raf-
1 proto-oncogene serine/threonine-protein kinase, TNF
tumor necrosis factor, PI3K phosphoinositide 3-kinases,
TAK1 mitogen-activated protein kinase kinase kinase 7,
MAPK3 and ERK1/2 mitogen-activated protein kinase 3/
2, MKK4/7 dual-specificity mitogen-activated protein
kinase kinase 4/7, JIP1/2/3 JNK-interacting protein 1/2/
3, JNKs(1–3) c-Jun N-terminal kinases (1–3), ATF2
activating transcription factor 2, p53 tumor protein p53,
STAT3 signal transducer and activator of transcription 3,

BAX Bcl-2-like protein 4, Bcl-2 B cell lymphoma 2, AKT
protein kinase B, FOXO3 forkhead box O3, MEK1/2
mitogen-activated protein kinase kinase 1/2, ELK1 ETS
like-1 protein Elk-1, ESR1 estrogen receptor 1, MITF
microphthalmia-associated transcription factor, PAX6
paired box protein, cFos proto-oncogene, member of a
bigger Fos family of transcription factors, ETS erythroblast
transformation specific member, MYC MYC proto-onco-
gene, VEGF vascular endothelial growth factor, MNK
mitogen-activated kinase, mTORC1/2 mammalian target
of rapamycin complex 1/2, p7056K ribosomal protein S6
kinase beta-1, CAD carbamoyl-phosphate synthetase 2,
SGK1 serum and glucocorticoid-regulated kinase 1, PKC
protein kinase C, PTEN phosphatase and tensin homolog,
PIP 2/3 phosphatidylinositol 4,5-bisphosphate/trisphos-
phate, PDK1 pyruvate dehydrogenase lipoamide kinase
isozyme 1
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Embryonic rest theory proposes that some
endometrial cells may develop in the abdomen
cavity during embryogenesis [12]. The fetal
system controls and directs embryogenesis, but
the mechanism is not fully understood.
Abnormalities of this control system may give
rise to detectable abnormalities of the adult
immune system [13]. In turn, these abnormali-
ties may control the degree of ‘‘aggressiveness’’
of the endometriosis and may result in different
clinical behavior of endometriosis [14, 15].

There is a new unifying theory that
endometriosis is the result of endometrial stem
cells that migrate and proliferate during
embryogenesis [16]. This theory is based on
finding small focuses with glands and stroma in
female fetuses in the cul-de-sac of the peri-
toneum that are supposed to be the remnants or
the result of metaplasia of the Müllerian system.
These remnants may contain endometrial stem
cells that can produce endometriotic foci [16].
Interestingly, endometrial stem cells differ from
bone marrow stem cells by overexpression of
immune-function related gene pathways [16].

DEVELOPMENTAL FACTORS

Endometriosis means the presence of ectopic
tissue that is similar to an endometrium with
glands and stroma. The endometria of women
with endometriosis may have abnormal features
in comparison to the endometria of healthy

women [8, 9]. The abnormal endometrium may
be able to protect itself from destruction by the
immune system by expressing specific antigens
through the accumulation of various popula-
tions of immune cells, as well as synthesis and
secretion of immunosuppressive factors
[8, 9, 17]. There are several characteristic fea-
tures of the endometrium in the case of
endometriosis, including:

(a) Production of its own estrogen in a large
amount [8, 9, 15].

(b) Implantation into the peritoneum
[15, 17, 18].

(c) Proliferation and invasion into surround-
ing tissues [15, 17, 18].

(d) Aggressive growth and adhesion in the
peritoneum [15, 17, 18].

(e) Self-defense from physiological apoptosis
[15, 17, 18].

(f) Pathological expression of heat shock pro-
teins and excessive angiogenesis
[4, 8, 9, 17, 18].

Additional theories propose that the
immune system must be compromised to allow
the ectopic endometriotic tissue to grow [13].
Endometriosis is associated with inflammation,
so macrophages play a key role in its develop-
ment: they are found in endometrioma walls,
peritoneal fluids, and other ectopic foci. Mac-
rophages secrete many products such as tumor
growth factor-b (TGFb), vascular endothelial
growth factor (VEGF), interleukin-1 (IL-1),

Fig. 2 Pathogenesis and progression of endometriosis. OV ovary, FT fallopian tube, RM retrograde menstruation, CM
coelomic metaplasia, ETi endometriotic tissue, Fe iron, Mph macrophage, M monocytes, L lymphocytes

Adv Ther (2020) 37:2580–2603 2583



prostaglandin E2 (PGE2), and macrophage
migration inhibitory factor (MIF). Activated
macrophages can enhance oxidative stress
conditions via the production of lipid peroxides
and other by-products of the reaction between
apolipoproteins and peroxides [19]. The result
of these events is the accretion of the pro-in-
flammatory mediators, leading to inflammation
in women with endometriosis [19]. TGFb plays
a significant role in increasing the rate of post-
surgical adhesion formation [20]. Experimental
murine models show that macrophage activa-
tion after endometrial tissue implantation
increases secretion of VEGF [21]. IL-1 is a mac-
rophage-derived cytokine inducing the expres-
sion of cyclooxygenase-2 (COX-2) and
interleukin-8 (IL-8) to facilitate migration, pro-
liferation, and angiogenesis in endometriotic
tissue [22]. PGE2 affects the leukocyte popula-
tion and promotes angiogenesis via its effect on
estrogen and VEGF upregulation [23]. It inhibits
apoptosis and upregulates fibroblast growth
factor 9 (FGF9) to promote cell proliferation as
well [13].

Endometriotic lesion cells show increased
adhesive capability to extracellular matrix
components, such as collagen type IV, laminin,
vitronectin, and fibronectin [20, 24].
Endometriosis is associated with aberrant
expression of E-cadherin, b-catenin, and inte-
grins. Integrins are a group of cell-to-cell adhe-
sion molecules and enforce cell attachment to
the extracellular matrix proteins, thereby pro-
viding cell migration and invasiveness [25]. Of
note, b-catenin is an important molecule in cell-
to-cell adhesion and intracellular signaling that
binds to intracellular E-cadherin and connects
E-cadherin to the cell cytoskeleton [26]. The
E-cadherin–b-catenin complex plays a crucial
role in epithelial cell–cell adhesion and in the
tissue architecture [27]. Cancer initiation and
progression affect aberrant expression of cad-
herins and integrins [28]. Controversial reports
have been published describing the expression
levels of these adhesion proteins in the case of
endometriosis. In keeping with this, b-catenin
expression may be involved in the pathogenesis
of endometriosis via increasing expression of b-
catenin and activation of the Wingless Int-1
(Wnt)/b-catenin complex [27, 29, 30].

Endometriosis showed decreasing b-catenin
expression in comparison to ovarian
endometrioid carcinoma. This fact reflects that
the pathogeneses of endometriosis and
endometrioid carcinoma have different alter-
ations in the E-cadherin–b-catenin complex
[13]. Thereby different epithelial adhesion
molecules are involved in the initiation and
progression of benign endometrioid lesions
[25]. Wnt/b-catenin complex plays a pivotal
role in stem cell regulation and cell develop-
ment by merging signals from other pathways,
such as TGFb and FGF. This complex also targets
cell migration and proliferation genes [31].
TGFb provides migration and proliferation of
fibroblasts in ovarian endometriotic lesions
[29]. Loss of E-cadherin expression may be
connected to the aggressive behavior and inva-
sive growth of peritoneal endometriotic lesions
[27, 32]. E-cadherin expression in endometrial
cells has been reported to be constant
throughout the menstrual cycle [32, 33]. How-
ever, another study found that E-cadherin
mRNA was significantly lower in the prolifera-
tive phase than in the secretory phase [34].
Thus, E-cadherin expression may be dependent
on the phase of menstrual cycle and stage of
endometriosis. Moreover, E-cadherin expres-
sion patterns in endometriotic tissues are con-
tradictory; therefore, the role of E-cadherin in
the development and progression of
endometriosis remains unclear [13].

MicroRNAs (miRNAs) are small non-coding
RNA molecules containing about 22 nucleotides
that are found in plants, animals, and some
viruses and provide post-transcriptional regula-
tion of gene expression [35]. miRNAs take part
in several biological processes including cell
proliferation, differentiation, and apoptosis.
Epigenetic regulation by miRNAs plays an
important role in endometriosis development
supported by the fact of differential expression
of miRNAs in endometriosis tissues compared
to normal endometrium [36–38]. Target gene
recognition can be complicated by single
nucleotide polymorphisms within miRNA
binding sites. This means that single nucleotide
polymorphisms within or near a miRNA target
site may serve as an epigenetic modulator of
endometriosis predisposition and may explain
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familial and twin cases that suggest
endometriosis is inherited in a polygenic man-
ner [39–41]. However, these studies have shown
limited consistency or conflicting results, and
no miRNA-based diagnostic test has been vali-
dated in an independent patient cohort [42].

Bone morphogenetic protein receptor type-
1B (BMPR1B) is a transmembrane receptor
mediating TGFb signal transduction and has
been shown to be a tumor suppressor in ovarian
cancer. Endometriosis and ovarian cancer gly-
cosylation-associated biomarker CA125 (carbo-
hydrate antigen 125) inversely correlated with
BMPR1B in endometrial cells. Polymorphism
at BMPR1B 30UTR in the miR-125b binding site
violates its affinity toward the miRNA, which
may result in insufficient post-transcriptional
repression. Genetic variations in the mir-125b
seed region reduces suppressive effect of mir-
125b and result in upregulation of BMPR1B.
Elevated BMPR1B levels in endometrial cells
have been shown to reduce cell proliferation
and migration activity by downregulation of IL-
1b, reflecting a lower risk for endometriosis [43].

BIOMARKERS ASSOCIATED
WITH ENDOMETRIOSIS

A study by Gupta et al. [44] with 2729 partici-
pants studied the proteome, finding that 17b-
hydroxysteroid dehydrogenase 2 (17bHSD2), IL-
1R2, caldesmon, and other neural markers (va-
soactive intestinalpeptide (VIP), calcitoningene-
related peptide (CGRP), substance P (SP), neu-
ropeptide Y (NPY), and a combination of VIP,
PGP 9.5, and SP) have the promising ability to
diagnose endometriosis accurately. Laparoscopy
has been the gold standard for diagnosis of
endometriosis and, today, non-invasive meth-
ods may be used only for research purposes
[44, 45].Nevertheless, itwas shown that there is a
correlations between CA125 and carbohydrate
antigen 19-9 (CA19-9) and dehydroepiandros-
terone sulfate (DHEA-S) (R = 0.52 and R = 0.49).
This initial result reflects that androgen-depen-
dent increases in CA125 and CA19-9 levels are
potentially significant diagnostic biomarkers of
endometrial pathology [46].

The diagnosis of peritoneal endometriosis
relies on a visual inspection using laparoscopy
followed by histological confirmation [47].
Great efforts have been made to find non- or
semi-invasive tests for diagnosis of
endometriosis. The most important goal of
these tests is to identify 100% of woman with
endometriosis or other significant pelvic
pathology who could form clinical groups that
might benefit from surgery for endometriosis-
associated pain or infertility [48–50]. A non-in-
vasive diagnostic test could be developed for
serum or plasma, urine, endometrial fluid, or
menstrual fluid that can be recovered from the
posterior vaginal fornix and from the cervix
during speculum examination. A semi-invasive
test could be developed using peritoneal fluid
obtained after transvaginal ultrasound-guided
aspiration or in the endometrium obtained after
transcervical endometrial biopsy [48, 49]. Based
on these findings, there is a need to develop a
sensitive diagnostic test for endometriosis
because of the unavailability of a current valid
test [48, 51, 52].

There is consensus in the World
Endometriosis Society that the development of
a reliable, non-invasive test is one of the top
research priorities in endometriosis [53, 54].
The development of such a test extending from
initial biomarker discovery to a clinically
approved biomarker assay is a difficult, time-
consuming process [52, 54].

Overall, most studies of endometriosis
biomarkers have remained at the level of
exploratory preclinical studies aimed to identify
potential biomarkers [51]. Only a few effectively
passed the preclinical development and valida-
tion of a clinically useful non-invasive diag-
nostic test. A clinically reliable test for
endometriosis is expected to have a profound
impact on reduction of health care and indi-
vidual costs by reducing expensive hit-and-miss
treatments [49, 55]. Taken together, a non- or
semi-invasive test would not only reduce the
costs associated with endometriosis diagnosis
but also improve the quality of life in women
with endometriosis by enabling early diagnosis
and treatment.

Blood is an important source of biomarkers
because it allows repeated measurements, is
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easily obtained, and is highly suitable for high-
throughput measurements [56]. Endometriosis
biomarkers are mainly glycoproteins, growth or
adhesion factors, hormones, or proteins related
to immunology or angiogenesis [48, 57, 58].
Unfortunately, neither a single biomarker nor a
panel of biomarkers found in peripheral blood
has been validated as a diagnostic test for
endometriosis [48, 51].

GLYCOSYLATION-ASSOCIATED
BIOMARKERS

Cancer disease markers of disturbed glycosyla-
tion lead to production of tumor-associated
glycans and glycoproteins. These molecules are
consistently secreted or ejected together with a
cell membrane into the bloodstream and,
thereby, can serve as tumor markers. An
increase in glycosylation in tumor cells is star-
ted by means of excessive expression of glyco-
proteins that contain certain specific glycans,
increase or decrease in nucleotide sugars
donors, and disturbances in glycosyltransferase
and the glycosidase enzymes expression. These
markers of glycosylation applied to the detec-
tion and monitoring of tumors include CA125,
CA19-9, carcinoembryonic antigen (CEA),
prostate-specific antigen (PSA), and alfa-feto-
protein (AFP). Owing to their specific affinity for
certain parts of sugars, lectins are useful for
studying development and identification of
these tumor-associated glycans and glycopro-
teins in clinical practice. Accordingly, various
enzyme-binding lectin assays (ELLA) were
developed for diagnostics, monitoring, and
prognosis. As glycosylation changes occur in
the early stages of tumors, the tumor-associated
lectin-based glycosylation markers become an
effective strategy to improve diagnosis and
treatment follow-up [59].

CA125 is an antigen-determined high-
molecular weight glycoprotein distinguished by
a mouse monoclonal antibody OC125. It con-
tains two main antigenic domains classified as
A, the OC125 monoclonal antibody binding
domain, and B, the M11 monoclonal antibody
binding domain. CA125 is expressed by amni-
otic and coelomic epithelium during gestation.

It has been found in adults in the structures that
develop from coelomic epithelium (mesothelial
cells of pleura, pericardium, and peritoneum) in
tubal, endometrial, and endocervical epithelia.
It is intriguing that the superficial epithelium of
normal ovaries of fetuses and adults do not
express it, except for cases of inclusion cysts or
areas of metaplasia and papillary growths.
Serum CA125 was defined initially by means of
homologous assay based on only the usage of
OS125 monoclonal antibody. This research was
replaced by a heterologous one, using OS125 as
a capturing antibody, and M11 as a detecting
antibody. Now, there are different techniques
for CA125 analysis that are clinically reliable
and well correlated [60]. The level 35 IU/ml in
serum obtained in 1% of healthy female donors
is often assumed as the normal upper level in
clinical practice. However, this level is dis-
putable and cannot ideally correspond to all
CA125 values. For example, in postmenopausal
women or in patients after a hysterectomy,
CA125 level tends to decrease compared to the
general population (20 and 26 IU/ml) [61]. In
general, about 85% of patients with ovarian
epithelial tumors have CA125 levels higher
than 35 IU/ml. Levels above 35 IU/ml were
found in 50% of patients with stage I ovarian
tumor while higher serum CA125 levels were
found in more than 90% of women at more
advanced stages [60, 61]. CA125 rises in muci-
nous, clear cell, and borderline tumors less
often than in malignant ones. Increase in serum
CA125 can be associated with other malignant
tumors (pancreas, breast, large intestine, and
lung) as well as benign and physiological con-
ditions including pregnancy, endometriosis,
and periods [62]. The majority of these non-
malignant conditions are not found in post-
menopausal women, which improves the
diagnostic accuracy [4, 60, 63].

Many authors consider CA125 to be an
endometriosis marker and believe that CA125
concentration C 30 IU/ml is an endometriosis
indicator with high precision in women with
symptoms of pain and infertility. If
endometriosis is suspected, CA125 should be
considered as a diagnostic test, in which the
concentration CA125 is\ 30 IU/ml.
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Nevertheless, it cannot be assumed to reveal
endometriosis by itself [4, 63–66].

Another ovarian tumor marker, CA19-9, is
elevated in endometriosis and has a comparable
or lower sensitivity than CA125 for the detec-
tion of endometriosis [51]. A recent study
showed a significant increase of CA125
(p = 0.001), CA19-9 (p = 0.015), and CA15-3
(p = 0.017) in endometriosis cases (n = 50) ver-
sus controls (n = 35). Receiver operating char-
acteristic (ROC) curve analysis showed that the
area under the curve was the highest for CA125
(0.938). A significant positive correlation with
disease severity was found for CA19-9 as well
[67].

INFLAMMATION-ASSOCIATED
BIOMARKERS

Inflammatory markers have been implicated in
the pathogenesis of endometriosis. Many
cytokines have been examined as possible
biomarkers for endometriosis such as IL-1, IL-6,
IL-8, tumor necrosis factor-a (TNFa), monocyte
chemoattractant protein 1 (MCP-1), and inter-
feron-c (INFc) [51]. Endometriosis has been
shown to be associated with impaired T cell
function. Thus, helper T cells produce cytokine
IL-4 that is significantly upregulated in
endometriotic lesions and intensifies
endometriotic cell proliferation [68]. Peritoneal
fluid of women with endometriosis contains a
number of Th17 cells as in the ectopic endo-
metrium. IL-17 stimulates IL-8 and COX-2
expression and enhances proliferation and
migration of endometriotic cells [69]. MCP-1 is
a member of the small inducible gene family
that plays a role in the recruitment of mono-
cytes to injury and inflammation sites [70].
MCP-1 level is elevated in the peritoneal fluid
and serum of women with endometriosis, in
particular in early stages [71].

BLOOD/CYCLE-ASSOCIATED
FACTORS

Iron is an essential element for many processes
carried out within the cell. Abnormal iron

regulation due to iron overload is destructive
[72]. A large majority of iron (i.e., 3–5 g) in
humans is contained in hemoglobin and the
remainder is stored in protein complex ferritin
in hepatocytes and macrophages [73]. In the
case of iron deficiency, iron can be released
from ferritin by ferritinophagy, which is an
autophagic process [74]. Iron supports impor-
tant intracellular processes such as oxygen
transport, metabolism, and DNA synthesis [75].

Retrograde menstruation is one of the
pathogenetic theories of endometriosis devel-
opment and subsequent transformation to rare
types of ovarian cancers including endometri-
oid and clear cell ovarian carcinomas [76]. The
pelvic cavity may have an elevated iron level
due to retrograde menstruation, which may
promote desquamated endometrial cell survival
and implantation at ectopic sites [77]. Iron
deposits (e.g., hemosiderin) have been revealed
in endometriotic ovarian lesions as well as in
the fallopian tubes of patients diagnosed with
serous epithelial ovarian carcinomas [78, 79].

Follicular fluid is considered a potential
contributor to ovarian cancer pathogenesis [80].
It is well known that follicular fluid contains
active hormones such as estradiol [80], reactive
oxygen species, and transferrin [81]. Increased
levels of iron and DNA adducts were founded in
follicular fluid of patients with endometriosis
compared to infertile controls [82, 83]. Iron and
transcript levels of ferritin and transferrin
receptors were increased in follicles settled
nearby to an endometrioid ovarian cyst affect-
ing oocyte maturation [84]. Nevertheless
another study did not find any differences in
iron or ferritin contents [85]. Small increases in
cell proliferation and in IL-8 cytokine levels are
observed after contact with fallopian epithe-
lium and follicular fluids [86]. Follicular fluids
containing high levels of reactive oxygen spe-
cies are capable of inducing early-onset B cell
lymphoma in mammary fat pads in mice lack-
ing tumor protein p53 [87]. Some experiments
show that fimbrial epithelial cells exposed to
increasing doses of iron revealed an increase in
cellular proliferation and changes in p53,
mitogen-activated protein kinase (MAPK), ser-
ine-threonine protein kinase (AKT), c-Myc pro-
teins, and reactive oxygen species
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(0.05–100 mM) [88]. These oxidative stress-in-
duced events mediated by iron were opposed by
vitamin D3 [89]. It is notable that a clear cell
ovarian cancer gene signature was induced
upon iron exposure in immortalized ovarian
surface epithelial cells that support the transi-
tion from precursor cells to cancer [90].

GENES INVOLVED
IN ENDOMETRIOSIS
DEVELOPMENT

The gene network of endometriosis includes
genes of hormones and their receptors, tumor
suppressors, the detoxification systems, cytoki-
nes, and their receptors, embryonic develop-
ment and cell proliferation, and others,
involved in more than 30 metabolic ways
(Fig. 1) [91]. Epigenetic factors (e.g., level of
DNA methylation, modification of histone
proteins, microRNA) are important in the
development of endometriosis [92].

Somatic mutations and other genomic aber-
rations have been found in endometriosis that
have been implicated in the development of
cancer. Mutations in Kirsten rat sarcoma (KRAS)
[93, 94], tumor protein p53 gene (TP53)
[95, 96], phosphatidylinositol-4,5-bisphosphate
3-kinase (PIK3CA) [97, 98], phosphatase and
tensin homolog (PTEN) [99], and AT-rich
interactive domain-containing protein 1A
(ARID1A) gene regions [100, 101] have been
described. Microsatellite instability [102], loss of
expression of mismatch repair enzymes [103],
and tissue-specific gene copy-number changes
[104, 105] may also be seen in endometriosis
lesions. Loss of heterozygosity resulting in PTEN
loss may be an early driver event in the genesis
of endometriosis-associated ovarian carcinomas
arising from endometriosis [99, 106]. Over the
last 7 years, sequencing and immunohisto-
chemical studies have revealed that mutations
found in endometriosis-associated cancers are
found in adjacent endometriosis [107]. These
sequencing studies clearly demonstrate a clonal
relationship between benign and malignant
counterparts confirming that the cancers have
arisen from the endometriotic lesions
[100, 101, 108, 109].

KRAS

RAS proteins include H-, K- and N-RAS, closely
related members that activate a wide array of
downstream signaling pathways with a multi-
tude of effector proteins, including Raf/ERK and
PI3K/AKT [110]. Extracellular signal-regulated
kinases (ERK1/2) has several substrates, includ-
ing epidermal growth factor (EGF) and estrogen
receptors (ERs) [110]. They function as intra-
cellular switches in signal transduction cascades
that regulate proliferation, apoptosis, and dif-
ferentiation [111].

Oncogenic KRAS is encoded by the KRAS-2
gene [112], is downstream of epidermal growth
factor receptor (EGFR), and is an essential
component of the EGFR signaling cascade
[113]. It is frequently mutated in various
malignancies, such as colorectal cancer (ca.
40%), lung cancer (ca. 25%), and pancreatic
cancer (ca. 90%) [114, 115]. EGFR inhibitors
become ineffective as a result of the impact of
KRAS mutation on the EGFR pathway [116].
KRAS also can be activated by angiotensin II
[117], endothelin-1 [118], TGFb1 [119], platelet-
derived growth factor (PDGF) [120], EGF
[121], and thrombin [122]. These genes/mole-
cules or their receptors (e.g., angiotensin II
receptors AT-1 and AT-2) are all reported to be
overexpressed/elevated in endometriosis
[123–127].

KRAS mutation attracted much attention
after the report that the activation of a KRAS
allele resulted in peritoneal endometriosis in
mice [128]. In this model the onset of
endometriosis appeared to be quite late (ca.
8 months after conditional induction of KRAS)
[128], which raises the question as to whether
this mouse model of endometriosis truly reca-
pitulates the human counterpart. Indeed, KRAS-
activating mutation is reported to be rare in
endometriomas [90], even though elevated
KRAS expression in eutopic endometrium in
women with endometriosis has been reported
[129–131]. The prolonged latency period in
inducing endometriosis suggests that the KRAS
mutation alone may not be sufficient to induce
endometriosis. The mouse model of
endometriosis also shows that the growth of
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lesions is ER-dependent since estrogen antago-
nism suppresses the lesion growth [132]. Con-
sistent with this, the lesions exhibit fibrosis as
seen by marked collagen deposition [132].

KRAS mutations have been identified in 12
(29%) of 42 endometriosis-associated ovarian
low-grade endometrioid adenocarcinomas
[133]. Inactivating mutation has recently been
reported in deep endometriosis lesions [93].
Additionally, membrane-type matrix metallo-
proteinase (MT1-MMP) expression has been
consistently documented to be elevated in
ectopic endometrium [134] and in peritoneal
fluid [135] and eutopic endometrium
[136] from women with endometriosis. Thus,
KRAS mutation is possible in endometriosis, but
it seems to be rarely activated [107].

ARID1A

ARID1A is the tumor suppressor encoding pro-
tein BAF250 of the switch/sucrose non-fer-
mentable (SWI-SNF-A) complex participating in
chromatin remodeling. The somatic inactivat-
ing mutation of a gene of ARID1A and loss of
expression of BAF250a is an early disturbance at
endometrioid carcinoma of ovaries that belongs
to a group endometriosis-associated carcinomas
[137]. About 42–61% of clear cell carcinomas
and 21–33% of endometrioid carcinomas show
loss of the ARID1A gene protein expression
(BAF250a) on immunohistochemistry (IHC)
[101, 108, 138]. ARID1A regulates proliferation
and genomic stability as a tumor suppressor
gene; therefore, it was thought that it may play
a role in the transformation of endometriosis to
cancer [139]. Similar mutations in PIK3CA were
detected between endometriosis and clear cell
tumors, occurring in early progression mecha-
nisms in other cancer types [100]. Multifocal
benign endometriotic lesions are related clon-
ally, and clear cell carcinomas arising in these
patients progress from endometriotic lesions
that may already carry sufficient cancer-associ-
ated mutations to be considered neoplasms
themselves but with low malignant potential
[100].

Studies examining BAF250a expression by
IHC have shown that in just over half of the

reported cases of endometriosis-associated
tumors, loss of BAF250a expression is seen in
67–80% in areas of contiguous endometriosis or
atypical endometriosis. A loss of BAF250a pro-
tein expression seems to be an early molecular
event in the development of BAF250a-negative
endometriosis-associated tumors [108, 109,
140].

Interestingly, ARID1A mutations are not
sufficient on their own to cause cancer [141]. An
important study recently reported that 65% of
cancer-causing genomic aberrations are random
DNA repair abnormalities [142]. Taking this
information into context, one can conclude
that BAF250a loss in endometriosis could rep-
resent endometriosis-associated tumor-precur-
sor lesions; however, ARID1A mutations are
neither a necessary driver for mutation nor a
sufficient determinant of the malignant phe-
notype. The presence of mutations in
endometriosis may be a sign of broader genomic
disruption leading to the development of
endometriosis-associated tumors. Studies have
been done comparing patient outcomes in cases
of endometriosis-associated tumors based on
the presence or absence of BAF250a expression:
the presence or absence of an endometriosis
precursor lesion in endometriosis-associated
tumors has not been associated with a change
in overall disease outcome [143].

PI3K/AKT PATHWAY

Presence of classical oncogene mutations in
ovarian endometriosis was revealed initially in
2018: a combination of mutations of KRAS and
ARID1A was identified in some patients that led
to the preliminary conclusion that
endometriosis is a precancerous disease [144]. It
was discovered that activation of PI3K/AKT
leads to changes in the family of proteins fork-
head box protein O1 (FOXO1) influencing
through the insulin-like growth factor-binding
protein 1 (IGFBP1) and developing resistance to
progesterone in endometriosis. High levels of
AKT and nuclear proteins of FOXO1 and IGFBP1
were evident in ectopic atypical endometrial
foci. These data may demonstrate that the PI3K/
AKT pathway participates in the processes of
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hormone resistance in endometriosis. This
activating mutation is identified in more than
40% of observations in endometriosis-associ-
ated ovarian cancer [145]. PIK3CA exons 9 and
20 were sequenced in 23 samples of clear cell
ovarian cancer and activating mutations were
found in 43% of samples—H1047R. The same
mutation was revealed in atypical endometrio-
sis in 90% of observations. In this regard, the
assumption was made that such mutations arise
early enough that carrying out such analyses for
oncological prevention is advantageous in
infiltrative forms of endometriosis [145].

PTEN, or phosphatase and tensin homolog
deleted on chromosome 10, is a tumor sup-
pressor through regulation of proliferation and
survival [146]. It is the second most frequently
mutated gene in human cancers after TP53, but
the mutation spectrums of PTEN and TP53 are
different [146]. PTEN inhibits PI3K/AKT signal-
ing by converting phosphatidylinositol (3,4,5)-
trisphosphate (PIP3) to phosphatidylinositol
4,5-bisphosphate (PIP2) [146]. Of particular
interest to endometriosis is its ability to main-
tain genomic stability [147–149]. In
endometriosis, the first attempt to evaluate
PTEN mutation yielded negative results [150],
but another study reported a mutation fre-
quency of 21% (7/34) in endometriomas [99].
One study found no mutation at PTEN (0/23)
[94], but the negative finding may be
attributable to a lack of adequate statistical
power due to a small sample size. PTEN loss and
loss of heterozygosity have been reported in
endometriosis malignant transformation
[151–153]. Conditional deletion of PTEN is
found to induce endometriosis in mice [128].
Reduced PTEN expression has been reported in
endometriosis [153–155]. 17b-Estradiol pro-
motes cell proliferation through activating
PI3K/AKT and MAPK/ERK signaling pathways
via an NF-jB/PTEN-dependent pathway in
endometriotic epithelial cells [153]. IL-8 is also
reported to enhance proliferation, reduce
apoptosis in endometrial stromal cells through
the upregulation of survivin and B cell lym-
phoma 2 (Bcl-2), inhibition of PTEN, and acti-
vation of AKT [156]. Consistently, AKT
activation has been shown to promote the
establishment of endometriosis [157]. PTEN

overexpression suppresses cell proliferation, but
enhances apoptosis and G1 cell cycle arrest in
endometriotic epithelial cells [158].

MTOR SIGNALING PATHWAY

The mechanistic target of rapamycin (mTOR) is
a highly conserved, atypical serine/threonine-
protein kinase. It interacts with other proteins
to form two multi-protein complexes: the
mTOR complex mTORC1 and mTORC2. Both
complexes contain target of rapamycin com-
plex subunit LST8 (mLST8/GbL) and DEP
domain-containing mTOR-interacting protein
(DEPTOR). mTORC1 also contains regulatory-
associated protein of mTOR (Raptor) and pro-
line-rich Akt substrate of 40 kDa (PRAS40) pro-
teins, wherein Raptor interacts with the target
of rapamycin signaling (TOS) motifs of mTOR
substrates in a rapamycin-sensitive manner to
activate this complex. mTORC2 also contains
rapamycin-insensitive companion of mam-
malian target of rapamycin (Rictor), target of
rapamycin complex 2 subunit MAPKAP1
(mSIN1), and protein observed with rictor 1 and
2 (Protor1/2), and the functional activity of
mTORC2 is dependent on Rictor and mSIN1.
mTOR signaling can be activated by upstream
signals including growth factors (e.g., insulin,
insulin-like growth factor 1, IGF1), cellular
stress, metabolism/energy state (e.g., O2 and
ATP/ADP), amino acid nutrients (e.g., leucine
and arginine), and neurotransmitters (e.g.,
neuropeptides and glutamate). mTOR signaling
controls several fundamental biological pro-
cesses including translation and turnover of
proteins, lipid and glucose metabolism, cellular
growth, proliferation, survival, autophagy,
cytoskeleton organization, etc. Aberrant mTOR
signaling has been linked to the pathophysiol-
ogy of diseases like cancer, cardiovascular dis-
orders, and diabetes.

HOX AND WNT GENES

Homeobox (Hox) genes plays an important role
in mammal embryogenesis and provide the
skeletal development, especially the head–tail
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axis. The Hox genes control the differentiation
of cells, the segmental embryonic development,
involved in malformations of the urogenital
tract and their inactivation leads to complete
absence of Müllerian structures [159, 160].
Thus, its absence leads to embryonal death and
multiple organ system abnormalities. The clus-
ters of Hox genes during development are sub-
ject to transcriptional control by cofactors such
as retinoic acid (RA) [161], FGF [162], and the
genes of the Wnt pathway [163]. Organogenesis
of the female genital tract is regulated by
homeobox transcription factors [164]: HoxA-9,
HoxA-10, HoxA-11, and HoxA-13 [165]. These
transcriptional factors interact with bone mor-
phogenetic protein (BMP)-4, Wnt7a, b3-inte-
grin, EGFB, and empty spiracles homeobox 2
(EMX2) gene and provide normal structures in
the female genital tract. Wnt4 gene is an
important factor in Müllerian duct formation
[166]. Its malfunction can lead to anomalies of
female genital organs and in endometrial glan-
dular and stromal disintegration. Wnt7 is con-
nected to HoxA-10 and HoxA-11 genes as
mentioned above, and Wnt5 provides the dis-
tribution along the head–tail axis [167]. Wnt5a
and Wnt7a are essential for normal endometrial
glandular formation [168]. Three types of sig-
naling pathways in female genital tract
organogenesis were discovered: Wnt/b-catenin,
Wnt/JNK (c-Jun N-terminal kinases), and Wnt/
Ca2?. Estrogen and its derivates may interfere
with Wnt expression and/or b-catenin target
genes with an alteration of the female genital
organ development, and this fact is important
in endometriosis formation [169]. The signaling
pathway of Wnt genes and Wnt/b-catenin con-
trol different types of stem cells and can provide
self-renewal of endometrial stem cells that can
lead to future endometriotic foci growth
[170, 171].

ATYPICAL ENDOMETRIOSIS

Endometriosis may be divided into peritoneal
endometriosis, ovarian endometriosis or
endometrioma, and deeply invasive
endometriosis. Nowadays, increasing numbers
of researchers are inclined to suggest that

adenomyosis and endometriosis are separate
diseases because of revealed essential morpho-
logic, pathogenetic, molecular, and biological
features [18]. Results of such research and clin-
ical observations lead to differential approaches
to clarify the pathogenesis of different clinical
and morphological variants of endometriosis
and to study the major pathogenetic factors
(genetic, epigenetic, medical, and social)
[18, 65]. The existence of different clinical and
morphological forms of endometriosis,
depending on prevalence of the active and
inactive endometrioid foci, is disputable [18]. It
has been established that endometrioid hetero-
topic foci in ovaries are present in two mor-
phologic variants simultaneously: one with
endometrioid glands and the other with stro-
mal cell growth and active neoangiogenesis.
Endometrioid glands and stromal cell growth
cause considerable remodeling of an ovary with
expressed fibrosis that is followed by suppres-
sion of folliculogenesis accompanied by a
decrease in fertility [18].

The atypical form of endometriosis is char-
acterized by cellular atypia and excessive pro-
liferation; however, it is difficult to establish the
diagnosis of atypical endometriosis on the basis
of only a morphological evaluation. Malignant
transformation of endometriosis is a rare event
that occurs approximately in 0.7–2.5% of cases
and usually involves ovaries (Fig. 2). It was
described that women with endometriosis have
2–3 times higher risk of developing of
endometrioid and clear cell ovarian tumors
[172]. Morphological research revealed the
continuous process consisting of consecutive
stages of change from normal epithelium in an
endometrioid cyst to atypical endometriosis
and, subsequently, to invasive carcinoma [173].
Epithelium of endometrioid cyst walls has syn-
cytial papillary changes (39.7%), metaplasia
with hobnail cells (15.4%), atypia of an epithe-
lium with fluctuation of Ki-67 and Bcl-2
expression, with a low p53 expression in 41% of
cases [137]. Hepatocyte nuclear factor 1 home-
obox B (HNF-1b) expression in the nuclei
without atypia occurs in 56% of cases, and in
the nuclei with atypia in 94%, and is found only
in clear cell adenocarcinomas [137]. The
hyperexpression of HNF-1b allowed the
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adaptative nature and histogenetic connection
between ovarian endometriosis and clear cell
ovarian tumors.

The histological classification of ovarian
tumors by the World Health Organization
(WHO) is based on histogenetic principles. This
classification categorizes ovarian tumors with
regard to their derivation from epithelial cells,
germ cells, and mesenchyme (the stroma and
the sex cord). Epithelial ovarian tumors, which
are the majority of malignant ovarian tumors,
are further grouped into histological types as
follows: serous, mucinous, seromucinous,
endometrioid, clear cell, transitional cell tumors
(Brenner tumors), carcinosarcoma, mixed
epithelial tumor, undifferentiated carcinoma,
and others [174]. Clear cell and endometrioid
carcinomas are highly associated with
endometriosis [175]. Endometriosis-associated
ovary carcinomas develop from atypical
endometriosis and have a special profile of
molecular disturbances, such as mutations of
genes of ARID1A, PTEN, and CTNNB1 (catenin
beta 1). Endometriosis-associated cancers
include clear cell and endometrioid ovarian
carcinoma. A history of endometriosis has long
been considered to be a risk factor for later
development of these malignancies. Recent
molecular genetic evidence has provided
unequivocal evidence that these lesions are
precursors for endometriosis-associated cancers
[176].

Atypical endometriosis and ovarian
endometriosis-associated tumors have common
molecular damages, such as mutations of PTEN,
ARID1A, and hepatocyte nuclear factor-1b
(HNF-1b) upregulation. Moreover, mutations of
ARID1A were noted in clear cell tumors and
atypical endometriosis, but not in the remote
endometrioid foci. Loss of BAF250a protein
expression assumes the existence of ARID1A
mutation and is a useful early marker of
endometriosis malignant transformation
[174, 175]. Besides, CTNNB1 mutations in
16–53.3%, PTEN mutations in 14–20%, and
ARID1A mutations in 30–55% of cases were
found in ovarian endometrioid adenocarci-
noma. PIK3CA mutations in 20–40% and
ARID1Amutations in 46–57% of cases are found
in ovarian clear cell carcinoma [174]. While

estrogen and progesterone receptors practically
always are absent, HNF-1b often shows hyper-
expression in this histological type [177, 178].

The developmental mechanism of
endometriosis-associated ovarian cancers
remains unknown. They can evolve via molec-
ular transformation of endometriosis or be due
to endometriotic tumor microenvironment
activity. Additionally, the fact that the presence
of endometriosis improves prognosis is unde-
fined, but likely depends on the endometriotic
microenvironment. The unique microenviron-
ment in endometriosis lesions contains epithe-
lial, stromal, and immune cells, which adapt to
survive in hypoxic conditions with high levels
of iron, estrogen, and inflammatory cytokines
and chemokines. Investigation of the unique
molecular features of the endometriotic
microenvironment is important in precision
therapies or prevention design, but the rarity of
well-characterized clinical samples and the
limited model systems are challenging obstacles
[179]. According to the reviewed studies, there
is a reasonable research hypothesis that differ-
ent types of endometriosis or endometriosis-
associated tumors [180] are different pheno-
types of the same genetic changes [181].

PRINCIPLES BEHIND TREATMENT

The clinical diagnosis of endometriosis may be
challenging because signs and symptoms may
overlap with another gynecologic pathologies,
even with cancer. The situation is aggravated by
a lack of reliable diagnostic serum biomarkers
[182]. Elevated levels of the biomarker CA125
are not specific and can indicate the presence of
endometriosis, ovarian cancers, or inflamma-
tion [183]. Levels of the serum biomarker HE4
(human epididymis protein 4) is considered to
be promising in distinguishing endometriosis
from ovarian cancers, but its role is controver-
sial in different conditions [184]. Endometriosis
is suspected clinically in the majority of patients
on the basis mainly of history and ultrasound
examination and treated empirically with hor-
monal therapy (e.g., estrogen–progestin con-
traceptives or progestin-only therapies) without
surgery [185]. Therefore, on the basis of the
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current situation, there is a need for a reliable
diagnostic serum biomarker for clinically diag-
nosing endometriosis [186].

Surgical treatment with intraoperative frozen
section analysis and subsequent histological
examination of excised tissue remains the gold
standard for diagnosis of any type of adnexal
mass including endometriosis [186, 187]. Sur-
gery generally is indicated for patients who are
resistant to medical therapy or who are plan-
ning pregnancy. Laparoscopy is the typical
approach [53, 188–191]. Robotic single-site
surgery and single-port laparoendoscopic sur-
gery can be used for the treatment of advanced-
stage endometriosis without any differences in
outcome [192].

One of the most common complications of
endometriosis surgery is diminished ovarian
reserve with subsequent iatrogenic infertility
[193, 194]. There are several surgical techniques
to treat ovarian endometrioid cysts: ultrasound-
guided aspiration, excision, and coagulation
[195].

Ultrasound (US)-guided aspiration may be
the treatment of choice in the case of ovarian
endometriomas, but high recurrence rates have
been reported (60–90%) [196]. Some authors
have proposed sclerotherapy to reduce the
recurrence rate, but the possibility of spillage of
the endometriotic fluid may lead to adhesion
development [197]. Since the endometriotic
fluid consists mainly of clotted blood, US-gui-
ded aspiration may increase the risk of bacterial
infection and ovarian abscess formation with
further oophorectomy. US-guided aspiration
and sclerotherapy should be performed in
patients without indications for surgery,
patients with increased anesthetic risk, or
women with severe adhesions [195].

Laparoscopic drainage and coagulation may
be another surgical technique but there is an
increased recurrence rate of endometrioma and
problems of future conceiving in comparison
with excision [198]. Laparoscopic cystectomy
remains the optimal therapy for ovarian
endometriomas. Most of the complications
related to ovarian reserve occur during the cys-
tectomy techniques, so the question is in whom
and when cystectomy should be performed
[195].

Medical treatment can include gonado-
tropin-releasing hormone (GnRH) agonists in
severe cases. Other potential non-surgical
treatments incorporate hormone receptor
(estrogen or progesterone) modulators, immune
modulators, aromatase inhibitors, and anti-an-
giogenic drugs [199–201].

Guidelines from the American Society for
Reproductive Medicine [193, 194] and the
European Society of Human Reproduction and
Embryology are focused on pain and infertility
treatment, as these are possible complications
of endometriosis. The treatment options in
cases of pelvic pain include a trial of nons-
teroidal anti-inflammatory drugs and hormonal
therapy (combined oral contraceptives). All
hormonal medicines, which encompass com-
bined oral contraceptives, progestins, and
GnRH agonists, possess similar effectiveness,
but their side effects and costs are different.
Estrogen–progestin add-back therapy is recom-
mended in the case of GnRH agonist prescrip-
tion. GnRH agonists are not recommended for
adolescents as a result of their effects on bone.
The levonorgestrel intrauterine system is effec-
tive in some patients. Superovulation with
intrauterine insemination show reliable results
in the case of infertility. Ovarian suppression is
not effective in promoting spontaneous preg-
nancy. The use of a GnRH agonist for 3–-
6 months is recommended before in vitro
fertilization and surgical ablation of
endometriosis in stage I or II disease.

There is a novel treatment option with
GnRH antagonists in the case of severe pain
associated with endometriosis. The mechanism
of action competitively inhibits GnRH receptors
in the pituitary gland and leads to a reduction
in circulating gonadotropins and estradiol. This
mechanism is different from that of GnRH
agonists which desensitize GnRH receptors in
the pituitary gland and cause depletion of
pituitary gonadotropins that leads to complete
suppression of estradiol to levels that are
equivalent to bilateral oophorectomy condi-
tions [202].

There are some prospective treatment
methods based on signaling molecules and
pathways of endometriosis [13]. JAK/STAT
(Janus kinases (JAKs), signal transducer and
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activator of transcription proteins (STAT)) sig-
naling pathway plays an important role in
endometriosis. STAT activation provides effects
of PDGF, FGF, IL-6, hepatocyte growth factor
(HGF), and VEGF. The JAK/STAT pathway is a
target for novel therapeutics because it is rela-
tively simple mechanistically, providing a direct
translation of extracellular signals into a tran-
scriptional response. Among the small molecule
inhibitors of this pathway are leflunomide (a
JAK inhibitor) and atiprimod (a STAT3 inhi-
bitor) [13]. In the TGFb/SMAD signaling path-
way, the SMAD proteins are the only family of
transcription factors known to propagate TGFb
signals. Lerdelimumab (a recombinant human
IgG4 targeting TGFb2) and metelimumab (a
human monoclonal IgG4 against TGFb1) can
inhibit TGFb signaling [13]. The effects of EGF
and TNFa are mediated via the MEK (mitogen-
activated protein kinase kinase) pathway.
Selumetinib and other MEK/ERK inhibitors are
being primarily developed and studied for can-
cer treatment. However, the role of the MEK/
ERK pathway in endometriosis suggests that
these therapeutic strategies may lend them-
selves equally well to this disease [13].

To date, none of the offered strategies for the
treatment of endometriosis leads to complete
treatment and avoidance of disease recurrence.
Traditional surgical treatment does not always
promote complete recovery of ovarian func-
tions and does not exclude endometriosis
recurrence. Besides, there is a risk of transfor-
mation of endometrioid heterotopic foci into
an atypical form with associated development
of endometriosis-associated tumors. At the
same time, the molecular mechanisms of such
transformation remain unclear, complicating
prevention and early diagnosis. The application
of molecular science with rapidly advancing
knowledge of neoplasms and modern tech-
nologies creates an opportunity to identify the
origin of endometriosis, especially among
patients who are at risk of developing cancer. To
separate patients at risk of endometriosis-asso-
ciated cancer from those with benign disease,
the application of highly sensitive and specific
novel molecular biomarkers should be explored.
A combination of epidemiological,

pathological, and molecular risk stratification
will be required [203].

CONCLUSIONS

Endometriosis is a complex disease, and its ori-
gin remains unclear. It creates certain health
and social problems that warrant intensive sci-
entific research to manage this disorder. At
present, endometriosis is considered likely a
precancerous lesion, having much in common
in genetic abnormalities. In addition, its
behavior and association with certain ovarian
cancers are categorized as endometriosis-asso-
ciated ovarian cancers. Many reports clearly
reveal that not all types and not all cases of
endometriosis transform to malignancy. Nev-
ertheless, there is still a risk that reasonably
cannot be ignored. This perspective demands
another clinical approach to endometriosis
management.

Patients suffering from endometriosis may
be divided into several groups according to
malignancy risk. There are schemes and princi-
ples to establish categories (i.e., ROMA (risk of
ovarian malignancy algorithm), RMI (risk of
malignancy index), IOTA (International Ovar-
ian Tumor Analysis) simple rules) that are based
on serum biomarkers, body mass index (BMI),
ultrasound findings etc. A great effort is being
made to find a non-invasive test to properly and
comprehensively diagnose endometriosis.
Many biomarkers have been investigated that
are based on molecular pathways from cell sur-
face and nuclear macromolecules. However,
results are contradictory in that some serum
biomarkers are elevated in the case of
endometriosis while subsequent histological
examination shows benign-looking endometri-
otic glands and stroma. It is justifiable to con-
jecture that there is a developmental time lag
between cell atypia and tissue atypical changes.
Additional reports have documented subtle
histological changes in endometriosis epithelial
cells that precede atypical transformation but
without any correlation between atypical
changes and biomarker investigations. More-
over, the question regarding the malignant
transformation in endometriomas compared to
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other types of endometriosis remains unan-
swered. In conclusion, it should be noted that
the pathogenesis of endometriosis, its origin,
and malignant transformation are not a sepa-
rate monolithic disease process, but rather a
group of converging processes that make it even
more challenging for future investigation.
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119. Santibáñez JF, Guerrero J, Quintanilla M, Fabra A,
Martı́nez J. Transforming growth factor-beta1
modulates matrix metalloproteinase-9 production
through the Ras/MAPK signaling pathway in trans-
formed keratinocytes. Biochem Biophys Res Com-
mun. 2002;296:267–73.

120. Che W, Abe J, Yoshizumi M, et al. p160 Bcr medi-
ates platelet-derived growth factor activation of
extracellular signal-regulated kinase in vascular
smooth muscle cells. Circulation. 2001;104:
1399–406.

121. Robin P, Boulven I, Bôle-Feysot C, Tanfin Z, Leiber
D. Contribution of PKC-dependent and -indepen-
dent processes in temporal ERK regulation by ET-1,
PDGF, and EGF in rat myometrial cells. Am J
Physiol Cell Physiol. 2004;286:C798–806.

122. Lin C-C, Shyr M-H, Chien C-S, et al. Thrombin-
stimulated cell proliferation mediated through
activation of Ras/Raf/MEK/MAPK pathway in
canine cultured tracheal smooth muscle cells. Cell
Signal. 2002;14:265–75.

123. Rakhila H, Al-Akoum M, Bergeron M-E, et al. Pro-
motion of angiogenesis and proliferation cytokines
patterns in peritoneal fluid from women with
endometriosis. J Reprod Immunol. 2016;116:1–6.

124. Zhang Q, Duan J, Liu X, Guo S-W. Platelets drive
smooth muscle metaplasia and fibrogenesis in
endometriosis through epithelial-mesenchymal
transition and fibroblast-to-myofibroblast transdif-
ferentiation. Mol Cell Endocrinol. 2016;428:1–16.

125. Loverro G, Maiorano E, Napoli A, Selvaggi L, Marra
E, Perlino E. Transforming growth factor-beta 1 and
insulin-like growth factor-1 expression in ovarian
endometriotic cysts: a preliminary study. Int J Mol
Med. 2001;7:423–9.

126. Guo S-W, Du Y, Liu X. Endometriosis-derived stro-
mal cells secrete thrombin and thromboxane A2,
inducing platelet activation. Reprod Sci. 2016;23:
1044–52.

127. Nakao T, Chishima F, Sugitani M, Tsujimura R,
Hayashi C, Yamamoto T. Expression of angiotensin
II types 1 and 2 receptors in endometriotic lesions.
Gynecol Obstet Invest. 2017;82:294–302.

128. Dinulescu DM, Ince TA, Quade BJ, Shafer SA,
Crowley D, Jacks T. Role of K-ras and Pten in the
development of mouse models of endometriosis
and endometrioid ovarian cancer. Nat Med.
2005;11:63–70.

129. Shahrabi-Farahani M, Shahbazi S, Mahdian R,
Amini-Moghaddam S. K-Ras 4A transcript variant is
up-regulated in eutopic endometrium of
endometriosis patients during proliferative phase of
menstrual cycle. Arch Gynecol Obstet. 2015;292:
225–9.

130. Farahani MS, Shahbazi S, Moghaddam SA, Mahdian
R. Evaluation of KRAS gene expression and LCS6
variant in genomic and cell-free DNA of Iranian
women with endometriosis. Reprod Sci. 2015;22:
679–84.

131. Yotova IY, Quan P, Leditznig N, Beer U, Wenzl R,
Tschugguel W. Abnormal activation of Ras/Raf/
MAPK and RhoA/ROCKII signalling pathways in
eutopic endometrial stromal cells of patients with
endometriosis. Hum Reprod. 2011;26:885–97.

132. Cheng C, Licence D, Cook E, et al. Activation of
mutated K-ras in donor endometrial epithelium and
stroma promotes lesion growth in an intact

2600 Adv Ther (2020) 37:2580–2603



immunocompetent murine model of endometrio-
sis. J Pathol. 2011;224:261–9.

133. Stewart CJR, Leung Y, Walsh MD, Walters RJ, Young
JP, Buchanan DD. KRAS mutations in ovarian low-
grade endometrioid adenocarcinoma: association
with concurrent endometriosis. Hum Pathol.
2012;43:1177–83.

134. Ueda M, Yamashita Y, Takehara M, et al. Survivin
gene expression in endometriosis. J Clin Endocrinol
Metab. 2002;87:3452–9.

135. Laudanski P, Szamatowicz J, Ramel P. Matrix met-
alloproteinase-13 and membrane type-1 matrix
metalloproteinase in peritoneal fluid of women
with endometriosis. Gynecol Endocrinol. 2005;21:
106–10.

136. Chung HW, Lee JY, Moon H-S, et al. Matrix metal-
loproteinase-2, membranous type 1 matrix metal-
loproteinase, and tissue inhibitor of
metalloproteinase-2 expression in ectopic and
eutopic endometrium. Fertil Steril. 2002;78:787–95.

137. Levakov S, Gromova T, Kedrova A, Sheshukova N.
Endometriosis-associated ovarian cancer. Women
Reprod Syst Tumors. 2016;12:47–51.

138. Yamamoto S, Tsuda H, Takano M, Tamai S, Mat-
subara O. Loss of ARID1A protein expression occurs
as an early event in ovarian clear-cell carcinoma
development and frequently coexists with PIK3CA
mutations. Mod Pathol. 2012;25:615–24.

139. Wu R-C, Wang T-L, Shih I-M. The emerging roles of
ARID1A in tumor suppression. Cancer Biol Ther.
2014;15:655–64.

140. Nishikimi K, Kiyokawa T, Tate S, Iwamoto M, Shozu
M. ARID1A expression in ovarian clear cell carci-
noma with an adenofibromatous component.
Histopathology. 2015;67:866–71.

141. Guan B, Rahmanto YS, Wu R-C, et al. Roles of
deletion of Arid1a, a tumor suppressor, in mouse
ovarian tumorigenesis. J Natl Cancer Inst. 2014;106:
dju146.

142. Tomasetti C, Vogelstein B. Cancer etiology. Varia-
tion in cancer risk among tissues can be explained
by the number of stem cell divisions. Science.
2015;347:78–81.

143. Minlikeeva AN, Freudenheim JL, Eng KH, et al.
History of comorbidities and survival of ovarian
cancer patients, results from the Ovarian Cancer
Association Consortium. Cancer Epidemiol Bio-
mark Prev. 2017;26:1470–3.

144. Zou Y, Zhou J-Y, Guo J-B, et al. The presence of
KRAS, PPP2R1A and ARID1A mutations in 101

Chinese samples with ovarian endometriosis. Mutat
Res. 2018;809:1–5.

145. Yamamoto S, Tsuda H, Takano M, Tamai S, Mat-
subara O. PIK3CA mutations and loss of ARID1A
protein expression are early events in the develop-
ment of cystic ovarian clear cell adenocarcinoma.
Virchows Arch Int J Pathol. 2012;460:77–87.

146. Yin Y, Shen WH. PTEN: a new guardian of the
genome. Oncogene. 2008;27:5443–53.

147. Puc J, Keniry M, Li HS, et al. Lack of PTEN sequesters
CHK1 and initiates genetic instability. Cancer Cell.
2005;7:193–204.

148. de Abreu JP, Rebelatto CLK, Savari CA, et al. The
effect of mesenchymal stem cells on fertility in
experimental retrocervical endometriosis. Rev Bras
Ginecol Obstet. 2017;39:217–23.

149. Puc J, Parsons R. PTEN loss inhibits CHK1 to cause
double stranded-DNA breaks in cells. Cell Cycle
Georget Tex. 2005;4:927–9.

150. Obata K, Hoshiai H. Common genetic changes
between endometriosis and ovarian cancer. Gyne-
col Obstet Invest. 2000;50(Suppl 1):39–433.

151. Obata K, Morland SJ, Watson RH, et al. Frequent
PTEN/MMAC mutations in endometrioid but not
serous or mucinous epithelial ovarian tumors.
Cancer Res. 1998;58:2095–7.

152. Xu B, Hamada S, Kusuki I, Itoh R, Kitawaki J. Pos-
sible involvement of loss of heterozygosity in
malignant transformation of ovarian endometrio-
sis. Gynecol Oncol. 2011;120:239–46.

153. Zhang H, Zhao X, Liu S, Li J, Wen Z, Li M. 17betaE2
promotes cell proliferation in endometriosis by
decreasing PTEN via NFkappaB-dependent path-
way. Mol Cell Endocrinol. 2010;317:31–433.

154. Martini M, Ciccarone M, Garganese G, et al. Possi-
ble involvement of hMLH1, p16(INK4a) and PTEN
in the malignant transformation of endometriosis.
Int J Cancer. 2002;102:398–406.

155. Rai P, Shivaji S. The role of DJ-1 in the pathogenesis
of endometriosis. PLoS One. 2011;6:e18074.

156. Li M-Q, Luo X-Z, Meng Y-H, et al. CXCL8 enhances
proliferation and growth and reduces apoptosis in
endometrial stromal cells in an autocrine manner
via a CXCR1-triggered PTEN/AKT signal pathway.
Hum Reprod. 2012;27:2107–16.

157. Kim TH, Yu Y, Luo L, et al. Activated AKT pathway
promotes establishment of endometriosis.
Endocrinology. 2014;155:1921–30.

Adv Ther (2020) 37:2580–2603 2601



158. Lv J, Zhu Q, Jia X, Yu N, Li Q. In vitro and in vivo
effects of tumor suppressor gene PTEN on
endometriosis: an experimental study. Med Sci
Monit. 2016;22:3727–36.

159. Ferretti E, Schulz H, Talarico D, Blasi F, Berthelsen J.
The PBX-regulating protein PREP1 is present in
different PBX-complexed forms in mouse. Mech
Dev. 1999;83:53–64.

160. Selleri L, Depew MJ, Jacobs Y, et al. Requirement for
Pbx1 in skeletal patterning and programming
chondrocyte proliferation and differentiation.
Development. 2001;128:3543–57.

161. Marshall H, Nonchev S, Sham MH, Muchamore I,
Lumsden A, Krumlauf R. Retinoic acid alters hind-
brain Hox code and induces transformation of
rhombomeres 2/3 into a 4/5 identity. Nature.
1992;360:737–41.

162. Dubrulle J, McGrew MJ, Pourquié O. FGF signaling
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