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Abstract

Endometriosis is a common, chronic inflammatory disease defined by the
presence of extrauterine endometrial tissue. The aetiology of endometriosis
is complex and multifactorial, where several not fully confirmed theories
describe its pathogenesis.

The current literature suggests that stem cells, dysfunctional immune
response, genetic predisposition, and aberrant peritoneal environment
may all be involved in the establishment and propagation of endometriotic
lesions. An orchestrated scientific and clinical effort is needed to consider
all factors involved in the pathogenesis of this multifaceted disease and
to propose novel therapeutic targets to reach effective treatments for this
distressing condition.

Introduction

Endometriosis is a chronic, benign, oestrogen-dependent inflammatory
disease affecting approximately 10% of reproductive age women and 35—
50% of women with pelvic pain and infertility [ 1]

It can be a debilitating disease with symptoms of dysmenorrhoea,
dyspareunia, and chronic pelvic pain [2].

The definition of endometriosis is histological and it requires the
identification of the presence of endometrial gland and stroma-like tissue
outside (ectopic) the uterus. These ectopic lesions are commonly located
on the pelvic organs and peritoneum [3]

Occasionally, ectopic endometriotic lesions can be found in other parts of
the body such as kidney, bladder, lungs, and even in the brain [4].

The clinical presentation of endometriosis is varied and conclusive
diagnosis requires laparoscopy [5].

There has been efforts to standardize the surgical staging of endometriosis
and histopathological changes with updated modified American Fertility
Society scoring [6].

However this objective surgical staging does not necessarily correlate with
the clinical symptoms[7].

Furthermore, there is a severe lack of knowledge on the natural progression
of the disease in women since the severity measurement will require
repeated invasive surgery. There are reports of endometriosis associated
with spontaneous regression, no progression [8].

and progressing to ovarian carcinomas [9].

The oldest theory, that of metaplasia, suggests that under diverse influences
coelomic tissue could be transformed into endometrium. The most
often cited theory, that of implantation, proposes that the physiological
phenomenon of endometrial reflux in the fallopian tubes during
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menstruation may, in certain conditions, overcome
local defense mechanisms, implant, and proliferate[ 10]

Endometriosis is estimated to occur in roughly 6-10%
of women[11].

[t is most common in those in their thirties and forties;
however, can begin in girls as early as 8§ years old[12].

It results in few deaths with this being estimated at 200
globally in 2013.[13].

Endometriosis was first determined to be a separate
condition in the 1920s. Before that time endometriosis
and adenomyosis were considered together. It is
unclear who first described the disease.[14].

Endometriosis was first discovered microscopically by
Karl von Rokitansky in 1860 [15].

although it was documented in medical texts more than
4,000 years ago.[16].

The Hippocratic Corpus outlines symptoms similar to
endometriosis, including uterine ulcers, adhesions, and
infertility.[16].

Methods:
Search Strategy and Selection Criteria

Initially searched “Pubmed” for relevant literature
using the terms “endometriosis” and “pathogenesis”
or “classification” for studies published up to 2016 .
Although those papers provided the basis for thisreview,
for detailed understanding of the topic we extended the
search to much older yet frequently referred articles.
Studies that were deemed suitable by the authors
included those that examined the pathophysiology
of human endometriosis: from in vitro basic science
(molecular, genetical and functional) studies, studies
employing animal (rodent/primate) models, gene
expression, and epidemiological studies.

Results

Classification of Endometriosis

Interrogation of pathogenesis of endometriosis
highlights the current drawbacks associated with the
classification of this disease. The revised American
fertility society classifies endometriosis according to
multiple criteria including histopathological as well
as anatomical features, distinguishing superficial
endometriosis from deep lesions of the peritoneum and
ovaries[17].

Deep endometriosis is defined arbitrarily as
adenomyosis externa, infiltrating the peritoneum by
>5mm [18].

[t is noteworthy that the current classification system is
limited by observer error as well as reproducibility and
this may explain the poor correlation between extent of
the disease and its clinical presentation [7].

Furthermore, histological information of endometriosis
is limited by the technical efficiency in endometriotic
biopsy sampling and processing, particularly when
the lesions are located close to organs such as ureters.
bowel and bladder [5]. A separate classification system
(ENZIAN score) has been recently introduced for
deep infiltrating endometriosis. It is a helpful aid
in describing this type of endometriosis but it needs
further refinement [19].

Superficial and deep endometriosis has been categorised
by some authors as two different diseases with different
pathogeneses whereas others regard them as different
manifestations of the same disease . Naturally this lack
of consensus with disease classification creates another
ambiguity around much of the available literature on
pathogenesis.[19].

Theories on the Pathogenesis of Endometriosis
1. Retrograde Menstruation

It suggests that during a woman’s menstrual flow,
some of the endometrial debris exits the uterus through
the fallopian tubes and attaches itself to the peritoneal
surface (the lining of the abdominal cavity) where it
can proceed to invade the tissue as endometriosis.[20].

In non-human primate models, it is possible to induce
endometriosis by inoculating autologous menstrual
products simulating retrograde menstruation in the
peritoneal cavity of baboons and macaques[22].

With a single inoculation of menstrual endometrial
tissue directly in to the pelvic cavity, up to 46% of the
animals have shown development of endometriotic
lesions in the pelvic cavity [23].

whereas 100% of animals developed peritoneal
endometriotic lesions after two consecutive cycles
of noculations of curetted menstrual endometrium.
These lesions were histologically and clinically similar
to human ectopic endometriotic lesions[24].

However, retrograde menstruation occurs in 76%-90%
of women with patent fallopian tubes and not all of
these women have endometriosis[21].

Retrograde menstruation alone is not able to explain all
instances of endometriosis, and additional factors such
as genetic or immune differences need to be invoked to
account for the fact that many women with retrograde
menstruation do not have endometriosis. Researchers
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are investigating the possibility that the immune system
may not be able to cope with the cyclic onslaught
of retrograde menstrual fluid. In this context there is
interest in studying the relationship of endometriosis to
autoimmune disease, allergic reactions, and the impact
of toxic materials[25][26].

This theory has been disputed in the past since it
cannot explain the occurrence of endometriosis in pre-
pubertal girls, newborns, or males [27].

2. Metaplasia

The Coelomic metaplasia theory postulates that
endometriosis originates from the metaplasia of
specialised cells that are present in the mesothelial
lining of the visceral and abdominal peritoneum [28].

Coelomic cells which are the common ancestor
of endometrial and peritoneal cells may undergo
metaplasia from one type of cell to the other, perhaps
triggered by inflammation.[29].

The coelomic metaplasia theory may explain the
occurrence of endometriosis in prepubertal girls [30].

However, the usual driving force for endometrial
growth, oestrogen, is not present in the pre-pubertal
girls and therefore this condition may be different from
endometriosis that is found in women of reproductive

age [3].
3. Miillerianosis

A theory supported by foetal autopsy is that cells with
the potential to become endometrial, which are laid
down in tracts during embryonic development called
the female reproductive (Mullerian) tract as it migrates
downward at 810 weeks of embryonic life, could
become dislocated from the migrating uterus and act
like seeds or stem cells.[31].

4. Environment; Environmental toxins

(e.g.; dioxin, nickel) may cause endometriosis.[32].

5. Vasculogenesis:

Up to 37% of the microvascular endothelium
of ectopic endometrial tissue originates from
endothelial progenitor cells(EPCs), which result in
de novo formation of microvessels by the process of
vasculogenesis rather than the conventional process of
angiogenesis[33].

Angiogenesis is defined as the formation of new
microvessels from pre-existing ones and occurs via
sprouting angiogenesis and intussusception.[34].

Vasculogenesis was originally defined as de novo blood
vessel formation by migration and differentiation of
angioblastic progenitor cells during embryonic and
fetal development[35].

it is now well accepted that vasculogenesis also
contributes to the formation of new blood vessels in
the adult. This so-called post-natal vasculogenesis is
characterized by the mobilization of bone marrow-
derived or tissue-resident EPCs into the bloodstream
in response to certain cytokines or tissue ischaemia.
These circulating EPCs are then recruited into sites of
neovascularization, where they are incorporated into
the vascular endothelial lining and differentiate in situ
into endothelial cells[36].

Process, termed post-natal vasculogenesis, is an integral
part of the pathogenesis of endometriosis, which may
have important implications for the establishment of
novel diagnostic and therapeutic strategies for this
frequent gynaecological disease.[33].

6. Neural growth

An increased expression of new nerve fibres is found in
endometriosis, but does not fully explain the formation
of ectopic endometrial tissue, and is not definitely
correlated with the amount of perceived pain [37].

7. Hormones

Steroid hormones should play a central role in the
aetiology of endometriosis since it is a disease of
women in reproductive age and not usually seen in
postmenopausal women who are not on hormonal
treatment [38].

Environmental toxins, such as dioxin, are implicated
in the actiology of endometriosis, which may mimic
oestrogen via interacting with oestrogen receptors[38].

Furthermore, there may be a higher bioavailability
of oestradiol in endometriotic tissue due to the local
aromatisation of circulating androgens to oestradiol by
endometriotic stromal cells and also there may be reduced
conversion of oestradiol to the less potent oestrone due
to the ectopic endometriotic tissue expressing decreased
17B-hydroxysteroid enzymes [3].

8. Oxidative Stress and Inflammation

Increased oxidation of lipoproteins has been associated
with the pathogenesis of endometriosis, where reactive
oxygen species (ROS) cause lipid peroxidation that
leads to DNA damage in endometrial cells [39].

The presence of water and electrolytes in the increased
peritoneal fluid volume in patients with endometriosis
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harbours the source of ROS [40].

These patients also have iron overload in their peritoneal
cavities from the breakdown of haemoglobin, which in
turn causes redox reactions [41].

The release of the proinflammatory heam products and
the oxidative stress signals generated from the ROS
cause inflammation which leads to the recruitment of
lymphocytes and activated macrophages producing
cytokines that induce oxidizing of enzymes and
promotes endothelial growth [42].

9. Immune Dysfunction

Graves disease is an autoimmune disease characterized
by hyperthyroidism, goiter, ophthalmopathy, and
dermopathy. Women with endometriosis had higher
rates of Graves disease. One of these potential
links between Graves disease and endometriosis is
autoimmunity[43].

Women with endometriosis have a higher concentration
of activated macrophages, decreased cellular immunity,
and a repressed natural killer(NK cell) function [44]
[45].

Possibly as a consequence, women with endometriosis
have higher expression of cytokines and vascular
endothelial growth factors in their peritoneal fluid,
which promote proliferation of endometrial cells and
angiogenesis[46].

10. Apoptosis Suppression and Alteration of
Endometrial Cell Fate

Alteration of the endometrial cell fate to favour
antiapoptotic and proproliferative phenotype s
paramount for the survival of the endometrial cells in
the peritoneal cavity to initiate ectopic deposits and for
the maintenance of the established lesions [47].

By examining matched ecutopic endometrium and
ectopic lesions from women with endometriosis and in
baboon with induced disease, we have recently shown
that telomerase enzyme may play a central role in this
altered endometrial cell phenotype [47].

By examining matched eutopic endometrium and
ectopic lesions from women with endometriosis and in
baboon with induced disease, we have recently shown
that telomerase enzyme may play a central role in this
altered endometrial cell phenotype [47].

Thereisplethoraofevidence suggesting an upregulation
of antiapoptotic and prosurvival genes and reciprocal
downregulation of the genes regulating the apoptosis
pathway in ectopic endometrial cells[48].

11. IL-17A Contributes to the Pathogenesis of
Endometriosis by Triggering Proinflammatory
Cytokines and Angiogenic Growth Factors

The data show a differential expression of IL-17A
in human ectopic endometriotic lesions and matched
eutopic endometrium from women with endometriosis.
Importantly, surgical removal of lesions resulted in
significantly reduced plasma IL-17A concentrations.
[49].

Immunohistochemistry revealed localization of IL-
I7A primarily in the stroma of matched ectopic
and eutopic tissue samples. In vitro stimulation of
endometrial epithelial carcinoma cells, Ishikawa
cells, and HUVECs with IL-17A revealed significant
increase in angiogenic (vascular endothelial growth
factor and IL-8), proinflammatory (IL-6 and IL-1[3),
and chemotactic cytokines (G-CSF, CXCL12,CXCLI,
and CX3CL1)[49].

Furthermore, IL-17A promoted tubulogenesis of
HUVECs plated on Matrigel in a dose-dependent
manner. Thus, we provide the first evidence, to our
knowledge, that endometriotic lesions produce IL-
I 7A and that the removal of the lesion via laparoscopic
surgery leads to the significant reduction in the
systemic levels of IL-17A. Taken together, our data
show a likely important role of IL-17A in promoting
angiogenesis and proinflammatory environment in the
peritoneal cavity for the establishment and maintenance
of endometriosis lesions.[49].

12. Genetics

Over the past decade several authors have employed
gene arrays to identify endometriosis related genes.
Using laser capture microdissection and high
throughput and high resolution comparative genomic
hybridization (CGH) arrays, considerable genomic
alterations in both eutopic and ectopic endometria of
women with endometriosis have been identified [50]

[51].
Individual genomic changes (found by genotyping

including genome-wide association studies) that have
been associated with endometriosis include:

Changes on chromosome 1 near WNT4[52]Changes
on chromosome 2 near GREB1]52].

Changes on chromosome 6 near ID4[52]

Changes on chromosome 7 in the 7p15.2 region.[52][53]
Changes on chromosome 9 near CDKN2BAS.[52].
Changes on chromosome 10 at region 10q26.[54]
Changes on chromosome 12 near VEZT.[52].
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13. Stem cell

Human endometrium is a dynamic organ that normally
undergoes repetitive cyclic regeneration. To enable
this rapid regeneration, it is not surprising that the
endometrium contains a reservoir of progenitor stem
cells. However, this pool of cells that allows the growth
of the endometrium also allows for unrestrained growth
that can reach beyond the endometrium.[55].

Recent characterization of stem cell populations
within human endometrium has opened the possibility
of understanding their physiologic as well as their
pathologic roles. While stem cells are critical to the
cyclic regeneration of a healthy endometrium, we
have shown that both endometrium-derived and bone
marrow-derived stem cells can migrate to ectopic sites
and contribute to the development of endometriosis[55].
Furthermore, endometriosis interferes with the normal
stem cell trafficking to the uterus that is necessary
for endometrial growth and repair. Altered stem cell
mobility and engraftment characterize this disease[55].

Discussion

The different theories implicated in the pathogenesis
of endometriosis indicate that the aetiology of
endometriosis is complex and multifactorial, involving
hormonal, genetic, immune, and environmental
components.

While retrograde menstruation may be one of the
initiating steps in the pathogenesis of superficial
endometriosis, genetic and microenvironmental
factors that prevent clearance of ectopic lesions and
allows remodelling of peritoneum are essential for the
propagation of endometriotic lesions[56]

Conclusion

Ectopically placed stem cells that are of endometrial
or haematopoictic origin or abnormal endometrial
differentiation of a resident tissue stem cell may be the
first step in the establishment of an ectopic endometrial
lesion. The subsequent proliferation and propagation
of such lesions may also be dependent on mobile,
endometrial progenitor-type cells in these ectopic
lesions that are involved in initiating further lesion
and also in maintaining the disease. A dysfunctional
immune clearance and a genetic predisposition that
allow these ectopic lesions to grow in an aberrant
microenvironment may also contribute to the
development of the disease.

The current therapeutic regimens for endometriosis
are usually based on manipulating the ovarian steroid

hormones that may preferentially target terminally-
differentiated ectopic endometriotic cells which would
normally die off via apoptosis, while the stem cells that
propagate the disease may not be affected. Improving
our understanding of the pathogenesis of endometriosis
will direct further future work on more appropriate
therapeutic targets that can provide the much needed
curative and universally acceptable treatments for
endometriosis.
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