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Endometriosis is a chronic inflammatory disease,

characterized by implantation and growth of endo-

metrial tissue outside the uterine cavity. This disabling

condition is considered one of the most frequent dis-

eases in gynecology, affecting 15–20% of women in

their reproductive life. Pelvic endometriosis, the most

common form of the disease, is associated with

increased secretion of pro-inflammatory cytokines, neo-

angiogenesis, intrinsic anomalies of the refluxed endo-

metrium and impaired function of cell-mediated natural

immunity. Recently, endometriosis has also been con-

sidered to be an autoimmune disease, owing to the pre-

sence of autoantibodies, the association with other

autoimmune diseases and recurrent immune-mediated

abortion. These findings are in apparent contradiction

with the reduced cell-mediated natural immunity

observed during the disease. In this review, we focus

on the multiple processes underlying the complex

pathogenesis of endometriosis, with particular empha-

sis on the role played by the immune system with the

induction of autoimmunity.

Endometriosis is classically described as the presence of
endometrial tissue (glandular epithelium and stroma)
outside the uterine cavity. It is a benign chronic inflam-
matory disease, associated with pain (chronic pelvic pain,
progressive dysmenorrhea and dyspareunia) and inferti-
lity. The most common form of this disorder, pelvic
endometriosis (PE), affects 15–20% of all women in their
reproductive life, and 30–50% of infertile patients.
Endometriotic foci can be found anywhere in the pelvis,
including the peritoneal surface of endopelvic structures
and of the ovaries [1,2].

Two different theories have been proposed for the
pathogenesis of PE: the implantation theory and the
metaplasia theory [3,4]. The implantation theory con-
siders the primum movens of the process to be retrograde
menstruation, during which eutopic endometrial cells
reflux throughout the tubes to the peritoneal cavity,

adhere to the peritoneal wall, proliferate and form
endometriotic lesions (Figs 1 and 2) [3,4]. Retrograde
menstruation is then a continuous source of cells for
maintenance of the disease. The metaplasia theory
hypothesizes that there is a sex-hormone-dependent
transformation of peritoneal cells into Müllerian-type
epithelium, at least in some cases of endometriosis [4].
This might explain evidence of endometriosis in men and
in women without menstruation. Although these two
hypotheses can be considered complementary, an increas-
ingly large body of evidence supports the implantation
theory, which currently represents the most recognized
pathogenic model for PE.

Retrograde menstruation occurs in up to 80% of women
during their reproductive life; the discrepancy between the
incidence of this phenomenon and the occurrence of PE
might be explained by the presence of further ‘permissive’
factors that promote the implantation and growth of
endometrial cells [5]. Many potential factors have been
investigated, including the biochemical and cellular
composition of the peritoneal fluid (PF), the local and
systemic immune response, and the characteristics of the
refluxed endometrium [1,5]. Recently, endometriosis has
also been considered to be an autoimmune disease,
because it is often associated with the presence of
autoantibodies, other autoimmune diseases and recurrent
immune-mediated abortion [6–8]. In this review, we
discuss the lines of evidence that link immune system
function with the pathogenesis of endometriosis.

Peritoneal microenvironment and macrophage activity

An abnormal peritoneal microenvironment is thought to
be a particularly relevant ‘permissive’ condition for
implantation and growth of refluxed endometrium
(Fig. 3) [9]. Alterations in the volume and composition of
PF might occur during inflammation, as a result of local
production of soluble factors. Experimental evidence
regarding the increase in PF volume during PE is
controversial. However, PE is a chronic inflammatory
condition, and many studies have demonstrated an
abnormal local production of pro-inflammatory cytokines,Corresponding author: Giuseppe Matarese (gmatarese@napoli.com).
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such as tumor necrosis factors a (TNF-a), interleukin-1
(IL-1), IL-6 and IL-8 [9–12]. In this complex scenario, it
is very difficult to formulate a single pathogenic model
for the disease. Different lines of research have been aimed
at elucidating the relationship between intra-peritoneal
cytokines and the activity of immune-related cells during
PE (Fig. 3). Peripheral monocytes and peritoneal macro-
phages (PM) have been identified as key cells in the
regulation and promotion of the process. In particular,
PM number, concentration and activation status are
enhanced [13,14]. This might simply reflect a physiological
inflammatory response to senescent endometrial antigens
and/or to cellular debris, accumulating in the peritoneal
cavity after cyclic intra-peritoneal microhemorrhage. In
some conditions that favor tubal reflux (e.g. cervical
stenosis), the accumulation of cells and debris in the
peritoneal cavity might be greater than the removal
capacity of PM and/or other cells belonging to this
scavenging and disposal system. Nevertheless, it could
be hypothesized that genetically or environmentally
determined factors that enhance PM activity might
account for an increased susceptibility to the disease
(Fig. 3). This notion is supported by evidence of increased
production of IL-6 and IL-8 by peripheral blood monocytes
in women with PE, when compared with unaffected
subjects [11–15]. Other diseases, such as tumors, have
been used to identify different macrophage-associated
activities. More specifically, it is possible to identify two
different polarized subclasses of macrophages that
describe a continuum of diverse functional states [16,17].
The available information suggests that classically
activated M1 macrophages (i.e. activated by lipopoly-
saccharide) are potent effector cells that kill microorgan-
isms and tumor cells, and produce copious quantities of
pro-inflammatory cytokines [16,17]. By contrast, M2
macrophages tune inflammatory responses and adaptive
T helper-1 (Th1) immunity, scavenge debris, and promote
angiogenesis, tissue remodeling and repair (Fig. 3) [16,17].
Alteration of the balance between these two subclasses of
macrophages might be involved in the pathogenesis of PE,

which might in turn cause an increase in the local
production of factors promoting angiogenesis and implan-
tation of endometrial cells (Fig. 3). In conclusion, abnormal
PM activation might represent a ‘permissive’ factor or an
effect of the implantation and growth of ectopic endo-
metrium. In either case, the increase in the production
of growth and angiogenic factors, as well as of
various cytokines, might be responsible for maintenance
of the disorder and impairment of reproductive function
[16–19].

Features of the endometrium

An expanding body of evidence supports the hypothesis
that constitutive and/or acquired characteristics of the
eutopic endometrium favor its survival, adhesion and
growth outside the uterine cavity. Recent reports suggest
that endometrial cells from women with PE show a
decrease in apoptosis and in sensitivity to macrophage-
mediated cytolysis (Fig. 3) [20,21]. Indeed, an increase in
endometrial expression of the anti-apoptotic gene, Bcl-2,
has been demonstrated in such patients [20,21]. Abnormal
expression of genes encoding adhesion molecules also
occurs during PE [22]. In particular, endometrial cells
from these subjects appear to produce and shed increased
amounts of the soluble intercellular adhesion molecule 1
(sICAM-1) [22,23]. Eutopic endometrium from patients
with endometriosis might be more invasive and prone to
peritoneal implantation, as a result of altered production
of proteolytic enzymes such as matrix metalloproteinases
(MMPs) [24,25]. More specifically, these endometrial cells
show higher levels of MMP-2 and membranous type-1
MMP, and lower levels of the tissue inhibitor of MMP-2
[25]. In addition, an enhanced angiogenic activity might
play a key role in the development and maintenance of
peritoneal lesions (Figs 1b and 3) [26]. In this regard, it is
worth noting that an increase in the expression of the gene
encoding vascular endothelial growth factor (VEGF) has
been reported in the eutopic and ectopic endometrium of
patients with PE [26–29]. Anomalies of the refluxed
endometrium could represent a primary or constitutive

Fig. 1. Laparoscopic images showing a normal pelvis (a) and an area of peritoneum with multiple endometriotic lesions associated with multiple vascular ramifications (b).

In the endometriotic peritoneum, two different types of endometriotic foci are visible on the left wall of the pelvis: (i) an early active red-flamed spot, in which the ectopic

endometrium can be identified (see Fig. 2c,d for electron microscopy); and (ii) typical blue–black lesions, representing the effect of inflammatory and remodeling pro-

cesses, in which the ectopic endometrial tissue cannot be always identified, owing to the accumulation of debris and hemosiderin (see Fig. 2e,f for electron microscopy).

The magnification in (a) is 10 £ and in (b) is 16 £ . Abbreviations: DOU, Douglas patch; OV, ovary; UT, uterus.
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‘permissive’ condition or the effect of local cytokines. The
levels of different factors (e.g. leptin, IL-6 and TNF-a) that
are potentially able to regulate and/or promote the activity
of the above-mentioned molecules in endometrial cells, are
increased in PE [30–32].

Endometriosis and the immune response: the role of

natural killer cells

Various lines of evidence suggest that both peripheral and
peritoneal natural killer (NK) lymphocytes from women
with PE display reduced cytotoxicity against autologous
endometrium and heterologous cell systems [33–35]. As a
result, it has been suggested that NK cells are involved in a
peritoneal cytolysis and scavenging system that is able to

remove refluxed endometrial tissue (Fig. 3). By contrast, a
defective system with altered NK and/or PM activities
might allow the implantation and growth of endometrial
cells within the peritoneal cavity. According to this
hypothesis, the NK deficit observed during PE should be
interpreted as a primitive and probably constitutive
phenomenon, accounting for the establishment of the
disease. Nevertheless, another possible interpretation has
been recently proposed: the decrease in NK activity
represents an epiphenomenon following the inflammatory
response against the ectopic endometrium. Several macro-
phage-derived factors, such as prostaglandins, sICAM-1
and inhibitory cytokines (e.g. transforming growth factor b)
could mediate a secondary modulation of NK cell

Fig. 2. (a) Scanning electron micrograph of normal peritoneum. A complete sheath of mesothelial cells is covering the peritoneal surface. (b) Closer view of the boxed area

in panel (a), showing that the mesothelial cells are covered with short and thick microvilli and have a cobblestone appearance. (c) Scanning electron micrograph of an

active lesion, classified as a red-flamed spot (see Fig. 1b). In the upper left and right of the panel, epithelial implants of secretory and ciliated cells are present, forming a

complete sheath. In the remaining areas, the cells are degenerating and detaching, exposing the underlying peritoneal surface. (d) Closer view of the boxed area in panel

(c). Degenerative changes of the epithelial cells are evident, including rounding of their shape, loosening of their attachment to the substratum, an absence of microvilli,

and decilliation. The substratum (the connective tissue of the peritoneum) appears covered with a fibrinous/amorphous material. (e) Scanning electron micrograph of a

lesion classified as blue–black spot (see Fig. 1b). Two distinct areas are visible: the upper and left parts of the panel show an area covered by a sheath of flattened mesothe-

lial cells. In the lower right of the panel, the mesothelial cells are absent, exposing the underlying loose connective tissue, which appears to be covered with a fibrinous/

amorphous material, probably resulting from inflammatory reaction. (f) Closer view of the boxed area in panel (e). The mesothelial cells are flat and covered with amor-

phous material. The plasma membranes in some areas appear thinned. Scale bars in all panels represent 10 mm.
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activity (Fig. 3). This hypothesis is also supported by
evidence suggesting that serum and PF of women with
endometriosis can suppress NK cytotoxicity in normal
individuals [36,37]. In addition, treatment with gonado-
tropin-releasing hormone (GnRH) agonists restores NK
cell activity in patients with PE, which might be due to a
direct effect on immune cells or to an indirect action via the
reduction of peritoneal microhemorrhages [38].

Natural immunity dysfunction or autoimmune disease?

Endometriosis is considered to be an autoimmune disease
because it fulfills most of the classification criteria for such

disorders. Specifically, it presents with tissue damage,
production of autoantibodies (against endometrium, ovary,
phospholipids and histones), association with other auto-
immune diseases, and recurrent immune-mediated abor-
tion [8,39,40]. Autoimmune diseases, which affect ,5% of
the population and disproportionately affect women,
comprise a heterogeneous group of poorly understood
disorders. They are characterized by the presence of
abnormal T- and B-lymphocyte activation, although non-
lymphoid cells, particularly antigen-presenting cells
(APCs) such as macrophages and dendritic cells (DCs),
also contribute to pathogenesis, by presenting autoantigens

Fig. 3. A simplified view of the different factors that account for the pathogenesis of pelvic endometriosis, with particular emphasis on the role of macrophages, natural

killer (NK) cell subsets and the immune system. Shown is the sequence of events leading to the implant, growth and progression of the disease. The peritoneal microenvir-

onment can alter NK cell function in the killing of ectopic endometrium and of dendritic cells (DCs) loaded with autologous antigens. In addition, reduced activity of NK T

cells might affect the production of regulatory cytokines, which could in turn contribute to autoimmunity and autoantibody secretion. Abbreviations: EGF, epidermal

growth factor; FGF, fibroblast growth factor; IFN, interferon; IL, interleukin; iNOS, inducible nitric oxide synthase; MMP, matrix metalloproteinase; PG, prostaglandin; TGF,

transforming growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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to autoreactive T cells in the context of the major
histocompatibility complex. Genetic, hormonal and
environmental factors also have a role in the pathogenesis
of autoimmune diseases [41].

In the case of PE, an enhanced immune response
against self-antigens is in apparent contradiction with
reduced NK-mediated cytotoxicity, which should be associ-
ated with an impaired immune response and an increased
susceptibility to infections [42]. However, recent evidence
might explain this association between NK dysfunction
and autoimmunity during PE [43,44].

To better understand these aspects, it must be
remembered that the immune response is classically
divided in the natural (innate) and adaptive arms. Natural
immunity is characterized by immediately available
phagocytic cells, such as granulocytes, monocytes and
macrophages. These cells are able to combat a wide range
of pathogens without requiring any previous exposure. By
contrast, adaptive (also known as specific) immunity is
characterized by an antigen-specific response: T and B
lymphocytes produce cytokines and antibodies as result of
their activation, following antigen recognition via their
specific receptors. The adaptive immune response confers
lifelong protection against re-infection by the same
pathogen, a capability that distinguishes such responses
from natural immunity. Together, the natural and adap-
tive immune systems provide a remarkably effective
defense system, ensuring that we only rarely become ill,
even though we are surrounded by potentially pathogenic
microorganisms. These two systems are strictly interde-
pendent and an impairment of either can affect efficiency
and cause dysregulation of the immune response as a
whole [45].

Although NK cells were first characterized by their
ability to kill particular tumor cell lines in vitro without
the need for previous immunization or activation, it is now
known that they represent a key interface between the
innate and adaptive immune response [42]. Over the past
few years, it has been shown that these cells can be divided
into different subclasses. Classically, NK cells do not
express the T-cell receptor (TCR)–CD3 membrane com-
plex, and can be identified by the presence of CD16 and
CD56 molecules. Another subset of NK cells, known as NK
T cells, express not only CD16 but also the TCR–CD3
complex. These cells constitute 15–20% of the NK cell
population, and are characterized by the capacity both to
kill cell targets and to secrete cytokines, including IL-4 and
IL-10, which are important in the control of autoimmunity
[42–44]. Typical CD16/CD56 NK cells have been shown to
kill autologous DCs presenting self-antigens to autoreac-
tive T cells [46,47]. Taken together, these lines of evidence
suggest that NK cells play a key role in the delicate balance
of immune self-tolerance, by eliminating potentially
dangerous cells presenting self-antigens. Hence, the
reduced NK activity during endometriosis could at least
in part explain the increased autoimmune reactivity
associated with the disease: in the peritoneal cavity, NK
cells might be less effective in killing autologous DCs
loaded with endometrial self-antigens, facilitating their
presentation to autoreactive T cells and the production of
autoantibodies (Fig. 3) [46,47]. An altered balance between

classical and NK T cells (i.e. a reduction in the number
and/or function of the latter) might also contribute to
dysregulation of the immune response. In conclusion,
altered secretion of regulatory cytokines by NK Tcells and/
or reduced NK-cell anti-autologous-DC responses, could
explain why endometriosis shares common features with
autoimmune disease.

Concluding remarks

The immunological aspects of endometriosis represent an
intriguing area of study. There is now significant evidence
that immune mediators such as cytokines, as well as NK
cells and macrophages, might be involved in the patho-
genesis of the disease. These data support the idea that
endometriosis can be considered as an autoimmune
disorder, associated with a dysfunction of natural immu-
nity [8]. Recently, there has been increasing interest in
factors that work at the interface between natural and
adaptive immune responses. In this context, endometrio-
sis seems to represent an optimal human model for
understanding how NK activity can modulate and/or
promote autoimmunity [42,43]. The relationship between
the endocrine and the immune systems has been the
subject of intense research for decades [48]. Endometriosis
seems to display the characteristics of a hormone-
dependent and immune-related disorder, in which
hormonal modulation is effective in the treatment of
inflammation-dependent symptoms. Although the efficacy
of GnRH agonists appears to be related mainly to the
subsequent reduction of estrogen activity, there is evi-
dence that these drugs exert a direct immunomodulatory
effect during PE [38]. Indeed, studies of autoimmune
disease have clearly demonstrated that hormones pre-
viously known for their functions in the regulation of
reproduction and metabolism are also modulators of the
natural and adaptive immune responses. For instance,
prolactin and leptin, whose activities are increased in
women with PE, have been shown to contribute to gender-
related autoimmune disease susceptibility [32,49–52].
Again, endometriosis seems to represent an important
human model of disease in which hormones, cytokines and
the immune system influence each other. To date, the
conventional treatment for this disease has been based on
hormonal suppression and/or surgical removal of lesions.
Such therapeutic interventions are effective in the treat-
ment of symptoms, including pain and infertility. Study of
the relationship between the natural and the adaptive
immune responses during endometriosis could lead to the
development of additional therapeutic immune interven-
tions, such as anti-cytokine antibodies or cytokine-recep-
tor antagonistic ligands, able to produce an effective and
long-lasting treatment.
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