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ABSTRACT
Endometriosis is a benign, chronic, estrogen-dependent condition, present in 10% of women of reproductive
age. The condition is associated with chronic pelvic pain and infertility that influence their quality of life, as well
as married life and has important socio-economic consequences.
Despite its high morbidity, its etiopathogenesis is incompletely known. A large number of studies suggest that the
ability of endometrial implants to grow in ectopic locations may be correlated with the altered immune response
towards the endometriotic tissue. There are enough data to show that immune system mediators, such as
cytokines and chemokines, are playing key roles in the onset and olso on progression of endometriosis. There
are studies that prove the association between endometriosis and autoimmune diseases.
The present paper aims to investigate the implications of the immune response in the etiopathogenesis of
endometriosis. The study of cellular or humoral immunity deficits, the presence of autoantibodies associated with
this condition, can facilitate the understanding of the mechanisms that lead to the appearance and spread of
endometriosis.
We hope that this information will ultimately provide the basis for the development of new effective approaches
in endometriosis management.
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INTRODUCTION
Endometriosis is a benign, chronic, estrogen-dependent gynecological condition, present
especially in women of reproductive age, with important implications on their quality of life, married life, but also with special socio-economic consequences through the costs involved in diagnosis
and her treatment.
Symptoms of endometriosis often include dysmenorrhea, non-menstrual pelvic pain, and infertility (1,2). The prevalence of asymptomatic endometriosis remains unknown (3). The gold standard
for diagnosis is laparoscopy, unfortunately an invasive method. (4) The main methods of treating
endometriosis include surgical removal of ectopic
tissue and/or hormonal treatment to suppress ovarian function with adverse side effects (5).
The etiology of endometriosis is complex but
insufficiently known. It appears to be multifactori-

al, including ectopic endometrial tissue, altered
immunity, unbalanced cell proliferation and apoptosis, aberrant endocrine signaling, and genetic
factors (6,7).
The first and most accepted etiopathogenic theory was that of Sampson, according to which retrograde tubal menstrual flow is responsible for endometrial cell transplantation (8). However,
menstrual blood reflux is observed in most women, not all of whom are affected by the disease, so
endometriosis cannot be explained by reflux alone.
Attempts have been made to find other pathophysiological mechanisms involved, many factors being investigated in this regard: hormonal, adhesion
molecules, proteolytic enzymes, growth factors,
cytokines, immunological, genetic or environmental factors (9).
Immune system abnormalities have been consistently demonstrated in women with endometrio-
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sis, a chronic inflammatory response to the presence of the ectopic endometrium. The first data in
this direction were provided by W.P. Dmowski in
the early 1980s. Subsequently, both changes in cellular immunity and humoral immunity were reported in women with endometriosis (10,11).
A lot of immune cell types, including neutrophils, macrophages, dendritic cells, natural killer
cells, helper T cells, and B cells are involved in the
onset of endometriosis (12-14). Cytokines and
chemokines involved in inflammation, angiogenesis, and tissue growth are increased in plasma and
peritoneal fluid in women with endometriosis
(15,16). It is suspected that this local and systemic
inflammatory environment stimulates frequently
presented symptoms, including pain and infertility
(17,18).
It has also been hypothesized that there is an
association between endometriosis and autoimmune diseases (19,20).
Although numerous studies have been conducted in the last 10 years that have made full use of
modern research techniques and methods, many of
the highlighted phenomena could not be plausibly
explained and the links in the immune system with
a role in the appearance and spread of lesions are
not fully known. endometriosis. We hope that current
and future research will identify some of the mechanisms of endometriosis, thus providing us with
new therapeutic possibilities.

AIM AND METHOD
The aim of this paper was to investigate the implications of the immune response in the etiopathogenesis of endometriosis.
We searched in electronic databases (PubMed,
Google Scholar) articles and clinical studies published in recent years on the etiopathogenesis of
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endometriosis, but also the observed associations
between endometriosis and autoimmune diseases.
We selected only the materials that specify that
they went through the peer review procedure.

DYSFUNCTION OF IMMUNE CELLS
INVOLVED IN THE ETIOPATHOGENESIS OF
ENDOMETRIOSIS
The etiopathogenesis of endometriosis is complicated by the involvement of biochemical, endocrine, immune and genetic factors. It has not been
identified whether immune dysfunction initiates
the pathogenesis of endometriosis or is a product
of the disease. There currently appears to be a consensus that the immune system of women with endometriosis is impaired (21). Both cellular and humoral immune mediators are aberrantly expressed
in the peritoneal fluid and plasma of patients with
endometriosis (22,23).
The main consequences of immune deficiency
in endometriosis were first summarized by W.P.
Dmowski in 1981. He grouped them into systemic
or general changes and local, peritoneal changes
(24).
The cells involved can be T helper or B lymphocytes, neutrophils, granulocytes, monocytes,
macrophages, dendritic cells, natural killer (NK)
cells (25). Given the similarity of the reproductive
system and the menstrual cycle between the human species and rhesus monkeys, as well as other
mammals used as laboratory animals, comparative
studies have been performed on them and on women with endometriosis. Studies were also performed on computer models. Women with endometriosis have an altered condition of
intraperitoneal immune cells (26). It has been observed that cellular immunity is generally lower in
women with endometriosis, especially the activity

TABLE 1. Immunological abnormalities in endometriosis
Systemic
Increased immunoglobulin production
Increased CD4 helper T cell count
Lymphocyte-mediated cytotoxicity deficit against
endometrium
Embryotoxic serum factors
Serum factors that inhibit NK cell activity
Cellular immunity deficiency
Altered NK cell activity
Abnormal autoimmune functions
Decreased activity of suppressor T cells

Peritoneal
Endometrial stromal cell proliferation
Increased cytotoxicity of peritoneal macrophages
Decreased penetration of the pellucid area by sperm
Lymphocyte proliferation
Increased sperm phagocytosis by peritoneal macrophages
Increased cytokine concentration
Increased cyclic macrophage activation
Presence of antiendometrial antibodies
Decreased activity of NK cells and lymphocytes
Secretion of IL-1 receptor antagonists by peritoneal macrophages
Presence of specific non-organ antibodies
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of T lymphocytes and natural killer (NK) cells,
while that of macrophages is intensified, especially
with regard to the production of cytokines.
Research has shown an alteration of cellular
immune mechanisms, demonstrated by decreased
intradermal reaction (assessed by the intensity of
perivascular lymphocytic infiltration) to endometrial autologous antigens, antigens in which in vitro decreases the blastic transformation of lymphocytes. This may result in decreased immunological
clearance of viable endometrial cells migrated into
the peritoneal cavity, a phenomenon whose importance in the occurrence of ectopic endometrial implants is contradicted by the possibility of performing autologous transplants of various tissues.
This makes it unlikely that cytotoxic capacity will
develop in autologous endometrial cells (27).
Natural killer (NK) cells, which have natural
cytotoxic activity, are nonT-nonB lymphocytes.
They have antitumor and antiviral cytotoxicity
properties independent of histocompatibility antigens (28) and act against cells carrying previously
unspecified or opsonized target molecules and
coverded with antibodies. The decrease in NK cell
activity in women with endometriosis is debatable,
it is noted by a number of authors (29), especially
in association with increased plasma estrogen levels, but also reported in association with smoking,
medication or exercise.
The cellular components of the immune system
are irregular in patients with endometriosis and,
specifically, in patients with infertile endometriosis. NK cells play an important role in pregnancy
and placental development (30). They have also
been linked to the remodeling of the spiral artery
and produce pro-inflammatory cytokines (31,32).
An aberrant number of NK cells is linked to pregnancy pathologies, including pre-eclampsia and
fetal growth restriction (33-35). Further studies are
needed to understand why NK cells do not mature
in patients with endometriosis and how it affects
fertility.
In women with endometriosis, the frequency of
allergic manifestations, autoimmune diseases or
neoplasms does not increase significantly compared to normal women, although decreased
cell-mediated cytotoxicity appears to be involved
in the onset and development of pelvic endometriosis (36). However, under treatment to suppress
the activity of endometriotic implants, the efficacy
of NK cells and macrophages is significantly improved, which would be an argument in support of
this hypothesis. There is controversy regarding the
change in the number of NK cells, some studies
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reporting their decrease, others increase, or not
change. Most authors argue in favor of a deficit of
qualitative rather than quantitative, with decreased
activity of thee cells, which promotes the implantation and proliferation of endometriotic cells
(37,38).
Several mechanisms have been proposed to explain the inhibition of NK cell activity in patients
with endometriosis. Some studies have shown the
inhibitory effects of peritoneal fluid, or serum in
women with endometriosis on NK cells, suggesting
the involvement of soluble factors (39,40).
The activity of NK cells, macrophages, was
also correlated with the stage of endometriosis.
Thus, the immunological changes were more severe in the advanced stages of the disease. In the
initial stages there is an increase in the number and
activity of lymphocytes and other mononuclear
cells in the peritoneal fluid, and in the advanced
stages there is a sharp decrease, both numerically
and functionally. This could explain the rapid
spread of endometriotic implants (41).
Regulatory T cells are altered in patients with
endometriosis, which has suggested that they play
a role in the pathogenesis of endometriosis and its
associated infertility (42). A smaller number of
regulatory T cells were also detected in the eutopic
endometrium in studies performed on laboratory
animals (43).
There are other important types of immune
cells, including macrophages and dendritic cells,
associated with inflammation in endometriosis.
These cell types are likely to be involved in endometriosis-associated infertility (44). Several studies are needed to delineate the coordinated interactions between different immune cells in promoting
and / or resolving the inflammatory cascade and its
impact on infertility in patients with endometriosis.
Peritoneal macrophages can be stimulated by
the presence of the ectopic endometrium, causing
the accentuation of inflammatory processes, with
increasing amount of peritoneal fluid and the concentration of prostanoids and growth factors secreted by macrophages in this fluid. The increased
number of macrophages in women with endometriosis has been demonstrated (45), by studies that
have also shown an increase in their volume by
flow-cytometry.

THE ROLE OF HUMORAL IMMUNITY IN
ENDOMETRIOSIS
Humoral immunity factors are cytokines,
lysozyme, acute phase reactants, complement and
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immunoglobulins. Pro-inflammatory chemokines
and cytokines such as TNF-α, IL-1 β, IL-6, IL-8,
IL-10, IL-17, IL-33, IP-10, MCP-1 MIF and
RANTES are expressed aberrantly in peritoneal
fluid and plasma in women with endometriosis
(46-48). They are involved in inflammation, angiogenesis and tissue growth (49,50). This local and
systemic inflammatory environment is suspected
to stimulate common symptoms, including pain
and infertility (51,52).
By radioimmunological determinations, the
study of prostanoid metabolites –prostaglandin derivatives 6-keto-PGF1α and TxB2, showed their
increased values in women with endometriosis
(53). It has been demonstrated in vitro cultures that
active endometrial tissue produces such substances (prostacyclin, thromboxane).
Prostaglandin substances present in the peritoneal fluid in increased amounts in women with endometriosis would explain the appearance of sterility in those with permeable tubes by altering
tubal motility and sperm motility, increasing their
phagocytosis, inhibiting fertilization or nesting
(54).
Macrophages can stimulate the growth of endometrial cells by secreting growth factors, angiogenetic factors (epidermal growth factor, growth factor derived from macrophages, fibronectin,
integrin-adhesion molecules) (55). However, some
authors have stated that these changes are the consequence of endometriosis and not its cause, being
in fact part of the inflammatory process determined
by the presence of ectopic endometrial tissue and
its cyclic activity. So, endometriosis would be a
disruptive factor of the local biosystem.
Many of these cytokines secreted by competent
immune cells have been studied in recent years to
establish their role in the pathogenesis of endometriosis. The results are contradictory. It is necessary to study many of these mechanisms in the future.
Interleukin-1 is the most important proinflammatory cytokine and is produced mainly by monocytes / macrophages (56) and has a central role in
regulating the immune and inflammatory response.
It determines the activation of T lymphocytes and
the differentiation of B lymphocytes. Stimulation
of these receptors induces an angiogenic phenotype in endometriotic lesions by increasing the
transcription of angiogenic factors (endothelial
vascular growth factor and IL-6) (57,58).
IL-33 is a member of the cytokines of the IL-1
family that stimulate different cell types, such as
Th2 cells, mast cells and innate lymphoid cells of
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group 2 (ILC2), and has pleiotropic functions
(59,60). Different cell types, such as epithelial
cells and endothelial cells, express IL-33 in the nucleus and release it in response to cellular stress
(61). In general, member cytokines of the IL-1
family, including IL-1β and IL-18, are synthesized
as precursor proteins in the cytoplasm and become
active after processing into inflammation. In contrast, the complete form of IL-33 is active and the
protease processing improves its activity, while the
caspase cleavage abrogates its function (62). IL-33
is important for innate mucosal immunity in the
lungs and intestines and airway inflammation, as
well as peripheral antigen-specific responses by
inducing Th2 cytokines (63).
Other studies have proposed another mechanism to explain the involvement of IL-1β receptors
in the pathophysiology of endometriosis. They reported an increase in soluble adhesive molecules
of ICAM-1 after stimulation of these receptors in
ectopic endometrial cells, which interferes with
immune surveillance mechanisms and allows the
tubular reflux endometrium to escape immune
clearance from the peritoneal cavity (64).
Interleukin 6 (IL-6) is a 25 kDa glycoprotein,
synthesized by macrophages, endothelial cells,
vascular smooth muscle fibers, epithelial and stromal endometrial cells. Like IL-1, IL-6 modulates
the secretion of other cytokines, amplifies the activation of T lymphocytes and the differentiation of
B lymphocytes, and inhibits the growth of various
human cell lines, thus being a mitogenic inhibitor
(65). Estrogens, through the stimulating role of
cell proliferation, inhibit the synthesis of this mitogenic inhibitor, which may explain the effect of
growth on endometrial implants. Some authors
have suggested that the lack of effect of IL-6 on
endometriotic implants is due to decreased expression of receptors for this cytokine on the surface of
ectopic endometrial cells (66).

INTERACTION BETWEEN ENDOCRINE AND
INFLAMMATORY PATHWAYS
New evidence suggests that endometriotic lesions themselves produce estrogen (67). This feeding loop creates countless cell signaling cascades
in the peritoneal microenvironment. In patients
with endometriosis, both eutopic and ectopic endometrial tissue are still involved in excessive estrogen production. In addition, prostaglandin E2
(PGE2) synthesis is induced in the presence of
growth factors and pro-inflammatory cytokines,
including IL-1 β, TNF-α, IFN-γ and IL-17. The
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production of prostaglandins and cytokines has
been suggested to facilitate infertility in women
with endometriosis (68). Also, the expression of
estrogen (ER) and progesterone (PR) receptors is
altered by inflammation. Specifically, aberrant expression of ER and PR has been associated with
overexpression of IL-1, IL-6 and TNF-α (69).
TNF-α and IL-1β have been shown to be elevated
in peritoneal fluid in women with endometriosis
(70). Other studies have shown that TNF-α decreases estrogen receptor expression in endometrial stromal cells isolated from women with endometriosis (71). The evidence presented
demonstrates not only that the aberrant expression
of PR and ER is correlated with an increase in inflammatory mediators, but also that inflammation
can directly alter their expression.

THE LINK BETWEEN AUTOIMMUNITY AND
ENDOMETRIOSIS
Another intensely studied cytokine is RANTES
(regulated on normal T-cell activation expressed
and secreted). It exerts a chemoattraction effect on
monocytes, memory T cells and eosinophils. Its
secretion in the endometrium is ensured by the
stromal compartment (72) in the presence of proinflammatory cytokines. Some studies have shown
the presence of high concentrations of this protein
in peritoneal fluid in women with endometriosis
(73), which amplifies the recruitment of T lymphocytes and macrophages and increases the chemotactic activity of monocytes locally (74).
Elevated concentrations of pelvic macrophages
and activated lymphocytes, as well as elevated levels of specific cytokines and growth factors presented above support the hypothesis of the involvement of normal or altered immune
mechanisms in endometriosis. Whether these components of inherited or acquired immunity have a
primary role in the production of endometriosis or
is only a passive reaction to the presence of the
ectopic endometrium is not very clear yet, and it
remains for future studies to specify this.
Another interesting hypothesis proved to be the
involvement of autoimmune phenomena in endometriosis. This has been suggested by the existence of autoantibodies (antiphospholipids, antihistones, antiendometrials etc.) in high concentrations
in women with endometriosis.
Endometriosis has common features with other
autoimmune diseases, such as rheumatoid arthritis,
Crohn’s disease, psoriasis: intense inflammatory
process, increased levels of tissue remodeling
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compounds and local and systemic cytokines, altered apoptosis (75).
Many studies have investigated the (auto) immunological pathology of endometriosis and provided consistent evidence of the criteria for endometriosis to fall into the category of autoimmune
diseases (76). However, there is little understanding of the common biological pathways between
endometriosis and autoimmune diseases that
would explain increased comorbidity.
Studies have shown an escape of cells from immune surveillance by analysis of the peritoneal environment in endometriosis (77). Abnormalities
have been identified in almost all immune cell
types, including elevated levels of peritoneal neutrophils and macrophages, reduced cytotoxic function of natural killer cells, and an aberrant number
of T and B lymphocytes that help endometriotic
cell growth, maintenance, invasion, and angiogenesis (78).
There is evidence of elevated levels of autoantibodies in women with endometriosis. This led to
the investigation of their potential role as biomarkers for endometriosis. A recent series of Cochrane
reviews of blood biomarkers and urinary biomarkers for endometriosis found that although more antibodies were found to increase in women with
endometriosis, only anti-endometrial antibodies
and interleukin-6 were found to be useful for endometriosis. detection of endometriosis Their accuracy cannot yet replace standard surgical diagnosis
(79,80). A number of studies of endometriosis candidate genes have been performed to investigate
the association between autoimmune genes and
endometriosis (81). HLA alleles that are most
commonly associated with autoimmune diseases
have been reported to be associated with endometriosis (82).
Thus, endometriosis is associated with a polyclonal activation of B lymphocytes, with abnormalities in the immune function of B and T cells,
increased apoptosis, tissue damage, multiorgan
damage, family incidence, possible genetic bases,
involvement of environmental factors and is associated with other autoimmune diseases. The relationship between enometriosis-infertility and endometriosis-recurrent abortion can also be
explained by the presence of abnormal autoantibodies. Treatment with Danazol or GnRH analogues also lowers the level of autoantibodies associated with endometriosis. Currently, almost all
drugs for the treatment of endometriosis are suppressive, not curative. Medical therapy with nonsteroidal anti-inflammatory drugs (NSAIDs), oral
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contraceptives or anti-gonadotropin ensures effective pain relief (83), but not the cure of endometriosis (84), and after medical or surgical treatment,
there is a high frequency of recurrence of the disease: 21.5% at 2 years and 40-50% at 5 years (85).
Evidence based on observational studies suggests an increased risk of comorbidity of autoimmune diseases in endometriosis. Most endometriosis studies include women of childbearing age, but
longer follow-up studies are needed to determine
the true risk of autoimmune diseases that may occur after menopause. Larger follow-up studies
would help to understand whether endometriosis is
a risk factor, or a consequence of autoimmune diseases, or whether these two types of disorders have
pathological mechanisms and common pathways.
Genetic and biological studies and immunological
dysfunctions in the context of endometriosis can
improve the understanding of the pathogenesis of
both diseases leading to the discovery of new
methods of diagnosis and treatment of these diseases.

CONCLUSIONS
In this paper, we have provided information on
the implications of this dysfunction, to understand
how the immune system is potentially dysfunctional in patients with endometriosis.
It can be concluded that there is a complex network of local and systemic cytokines that modu-
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late the inflammatory process in endometriosis,
including implant proliferation and invasiveness,
new capillary formation and lesion expansion, and
chemoattraction of new immune cells in peritoneal
foci. However, it remains unclear how immune
dysfunction contributes to the pathogenesis of endometriosis. Subsequent understanding of the
mechanisms and complex interaction between the
immune-endocrine axis can help to understand the
heterogeneity of the symptoms observed and can
stimulate the process of developing a more comprehensive and precise classification system.
A solid quantification of the association between endometriosis and autoimmune diseases
could facilitate the understanding of the causes and
consequences of both disorders, especially on the
question of whether endometriosis is associated
with immunological disorders. Also, given that
current medication for endometriosis is primarily a
hormonal treatment with considerable side effects
due to interference with estrogen levels, such evidence could help provide the benchmark for better
medical practices by discovering new drug targets,
such as immuno-modulators and the development
of new diagnostic tools for endometriosis.
Future research on new therapeutic modalities
should seek to understand the mediators of inflammation and the links in the pathophysiological
chain of immunological changes, in an attempt to
influence the evolution of the disease.
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