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primarily the pelvic peritoneum, ovaries, and rectovaginal
septum.[3].

Abstract - Endometriosis is a debilitating condition,
and a serious health threat to the individual patient.
There has been a lot of advance in deepening its
understanding since its original clinical description.
There is no theory of pathogenesis that can explain all of
the described manifestations of endometriosis and we
still not fully understand the exact factor(s) that are
responsible for the survival and subsequent implantation
of the displaced endometrium.This establishment of
endometriotic implants may be partly explained with the
understanding of the innate or acquired properties of the
endometrium and defective immune clearance. Among
the several cytokines or chemokines identified in great
number in the peritoneal fluid (PF) of patients with
endometriosis are macrophage migration inhibitory
factor, TNF-α, IL-1β, IL-6, IL-8, regulated on activation,
normal T expressed and secreted (RANTES), and
monocyte chemoattractant protein-1 (MCP-1). There is a
tight connection between endometriosis-associated
inflammatory response, tissue repair and neovascularization, on the one hand and the PF
macrophages and their secretory products (cytokines),
on the other. Further research is needed, however, to
clarify whether observed cytokine profiles are a cause or
a consequence of endometriosis.

Though there are still unknowns as far as its
pathogenesis is concerned, there is evidence showing that
genetic, endocrine, immunological, and environmental
factors play an important
role in the genesis and
development of endometriosis [4, 5] which is, therefore,
considered both an estrogen-dependent and a chronic
inflammatory disease.[3, 6, 7] Peritoneal environment may
be involved in the pathogenesis of endometriosis and/or in
the latter’s symptoms. [8, 9] One of the theories is that
peritoneal fluid (PF) in women with endometriosis is
abundant in activated macrophages that secrete a variety of
local products, such as growth factors and cytokines. [9, 10]
Therefore, several growth factors, cytokines, immune cells
and hormones in eutopic and ectopic endometrium, are seen
as playing a role in the pathophysiology of endometriosisrelated infertility. [3, 11] Abnormalities inherent to the
eutopic endometrium that are not located in the
endometrium of women without endometriosis are likely to
be involved in the ectopic growth outside the uterine cavity.
[12, 13] Different characteristics of eutopic endometrium of
women with endometriosis, such as aberrant production of
cytokine, growth, adhesion and angiogenic factors as well as
specific cancer-related molecules, have been linked to the
occurrence and maintenance of this disease. [14] Part of its
etiology can be explained by the presence of endometrial
cells or tissues in retrograde menstruation implant and their
growth in the pelvic peritoneum. Not many women,
however, are affected by endometriosis though many are
affected by retrograde menstruation, suggesting that other
pathogenic events are required for the development of this
disease, such as inflammation and immune responses. [1519] There are both local and systemic immunological
alterations associated with endometriosis, though the
mechanism through which they contribute to the
development of endometriosis is still unclear.[20]
This paper intends to review the available literature data
describing cytokines populations and cytokine receptors in
uterine and ectopic endometrium and their proposed role in
the regulation of immune processes and endometrial growth
as well as current data on immune aspects of endometriosis.
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I.

INTRODUCTION

E

ndometriosis is estimated to occur in 6–10% of the
general female population and in 35–50% of women
presenting pelvic pain, infertility or both. [1, 2]
Endometriosis, a benign aseptic inflammatory disease, is
mainly accompanied by adhesion formation and infertility. It
is classically seen as the presence of responsive ectopic
endometrial glands and stroma implants outside the uterus,
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deviations cause or trigger ectopic endometrial growth.[49]

II. Peritoneal fluid cytokines

TNF-alfa

Endometriosis can be considered a chronic low-grade
inflammatory disease. [4, 21] Chronic pelvic inflammation
in endometriosis is associated with an abrogation of local
and systemic immunity. The following are among the
immunological abnormalities identified in infertile patients
with minimal and mild endometriosis: abnormal natural
killer (NK) cell function [22, 23], reduced cytotoxic effect
of lymphocytes and macrophage [22], imbalanced Th1/Th2
response [24, 25] and high levels of cytokines in the
peritoneal fluid. [26] It seems that these alterations
contribute to the development and progression of
endometriosis and infertility [9, 27, 28]. Within this context,
recent researches have been targeting the role of the
abnormal immunoinflammatory reaction in the pathogenesis
of endometriosis. [29, 30]
The dynamic interplay among cytokines may play a role
in the creation of a microenvironment which favors the
implantation of endometrial cells and the progression of the
disease. The presence and role of various cytokines in the
serum and PF of women with endometriosis have been
studied by various researches.[31-36], though the available
data in the literature lacks consistency. [37] Instead of
playing a role in eliminating sloughed endometrial cells,
peritoneal immune cells may be responsible for their ectopic
growth. As previously mentioned, the following have been
identified as possible mechanisms of endometriosis
development: altered immune recognition of endometrial
cells, lack of adequate immune surveillance, depressed NK
activity, and increased numbers of activated peritoneal
macrophages, which display an altered phagocytotic
function, but release numerous growth and proinflammatory
factors. [38-41] There’s a high chance that endometriotic
implants stimulate leukocyte recruitment and activation and
cyclical reflux of menstrual debris in the peritoneal cavity
may increase the inflammatory reaction. [15, 42]
Intrinsic endometrial dysfunctions may be followed by
the activation of immune cells in ectopic locations and play
an important role in the pathogenesis of endometriosis.[4345] Moreover, endometriosis may be considered an
autoimmune disorder due to its immune deviations,
including
increased
local
production
of
some
proinflammatory cytokines as well as elevated autoantibody
production and abrogation of local and systemic cellmediated immunity. [9,36,46-48] However, it is not known
whether pelvic inflammatory reactions and immune
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Figure 1. The cytokines interplay and their roles in
endometriosis
TNF-alfa- tumoral necrosis factor-alfa; IL-1interleukine-1; IL-6- interleukine-6; IL-8- interleukine-8;
IL-22-Interleukine-22; MCP-1-Monocyte chemoattractant
protein-1; MIF-Macrophage migration inhibitory factor
When
infiltrated
into
endometriotic
tissue
proinflammatory cells such as macrophages are triggered by
a release of proinflammatory cytokines and chemokines
locally in the endometriotic tissue, which mediate the
cellular communication during inflammatory responses. Due
to the active lesions of endometriosis, chronic inflammation
develops in the surrounding tissue and is accompanied by a
fibrous reaction, with the formation of local scarring and
adhesions.
An organism reacts to tissue injury with both immune
cell
recruitment
and
mediator
release
during
inflammation[46] and significant lymphocytes proliferation
and secretion of cytokines may play an important role in
rebuilding host immunity. [47]
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IL-8. These results are a proof of the fact that the TNFα
action mediated by IL-8 may contribute to the pathogenesis
of endometriosis [53] and that TNFα in the peritoneal fluid
may also be an essential factor in the pathogenesis of this
disease.
TNFα is also known to exert both growth inhibitory and
growth stimulatory effects depending on its concentration
and cell type. [59, 60] A low dose of TNFα reportedly
triggered angiogenesis, whereas a high dose of TNFα, in
contrast, inhibited angiogenesis.[61] Low doses of TNFα
(10–1000 pg) induced angiogenesis, which reached its
maximum at 100 pg, whereas high doses (1 and 5 mg)
suppressed it. Thus, it seems that the mitogenic or
antiproliferative effects of TNFα on neoplastic endometrial
epithelial cells are dependent on the dose of this cytokine.
[62] Moreover, the cell death produced by TNFα in
epithelial cells was in tight correlation with the characteristic
morphological changes in apoptosis and fragmentation of
DNA into oligonucleosome size fragments. [53, 63] It has
been shown that peritoneal fluid levels of TNFα vary from
5–300 pg/mL in women with endometriosis. [8, 64]
Endometriotic tissues may be growth-stimulated in a low
dose, picogram per mL concentration range, TNFα
environment. The TNFα effects on the eutopic endometrial
stromal cells were also investigated; the results of gene and
protein expression of IL-8 were similar to those obtained
using ectopic endometrial stromal cells. Due to the fact that
tissue levels of this cytokine are currently unknown, TNFα
might be involved in up- or down-regulatory endometrial
cell proliferation. [53]
The activation of the transcription factor, nuclear factorκB (NF-κB) is believed to mediate the inflammatory
responses. NF-κB can be activated by different stimuli,
including proinflammatory cytokines. Phosphorylation of
IκB and its degradation are known as essential for the
release of NF-κB from binding with IκB [65] and it has been
demonstrated that TNFα induced the expression of
phosphorylated IκB. Moreover, NF-κB activation stimulates
the transcription of TNFα. TNFα, on the other hand, is
known to activate NF-κB. [66] In their quest to grasp the
pathophysiology of endometriosis, the same group of
researchers demonstrated that NF-κB activation has played
an important role in the induction of IL-8 in endometriotic
tissues. They also showed for the first time that GnRHa
treatment leads to a weakening of the IL-8 expression by
reducing TNFα-induced NF-κB activation.[10]

There has been significant evidence that several
cytokines, such as interleukin 1b (IL-1b) [48], tumor
necrosis factor a (TNF-a) [49], IL-6, IL-10, IL-8, vascular
endothelial growth factor (VEGF) [50], and monocyte
chemoattractant protein 1 (MCP-1) [36] are elevated in the
peritoneal fluid of women with endometriosis. [29, 51]
1. Tumor necrosis factor a (TNF-a)
The first cytokine secreted by endotoxin-activated
macrophages that induced the necrosis of tumors [10, 52]
and which also exert cytotoxic as well as differentiation and
growth modulatory activities on many different target cells
proved to be TNFα. [53, 54] TNFα is now known as a
pluripotent mediator and angiogenic cytokine that enhances
the production of other cytokines, including IL-8 in various
cells as well as the production of cytokine in endometriotic
tissue. TNFα may be viewed as a key cytokine that agitates
many other cytokines in the peritoneal cavity of
endometriosis patients. [10]
2. Interleukine-8 (IL-8)
On the other hand, IL-8, a chemoattractant for
neutrophils and an angiogenic agent, is generated by many
types of cells, including monocytes, lymphocytes,
neutrophils, endothelial cells, and fibroblasts as well as
macrophages and peritoneal mesothelial cells. [53, 55] IL-8
enhances the adhesion of endometrial stromal cells to
extracellular matrix proteins, matrix metalloproteinase
activity and endometrial stromal cell proliferation in a dosedependent manner, all these promoting the implantation and
growth of ectopic endometrium. [37, 56, 57]
Additionally, Arici et al. reported that IL-8 is produced
in the human endometrium in vivo, especially in glandular
cells.[58] IL-8 promotes the proliferation of endometrial
stromal cells as a potential autocrine growth factor. [57]
Though IL-8 has been suggested to play a role in the
pathogenesis of endometriosis, there’s no clear proof using
endometriotic tissues that IL-8 enhances the growth.
However, the results of Iwabe et al clearly demonstrated that
IL-8 is a growth-promoting factor in normal endometrium as
well as in endometriotic cells. [53]
The same researchers proved for the first time that
TNFα stimulated proliferation of endometriotic stromal cells
through induction of IL-8 gene and protein expression in
endometriotic stromal cells in a dose-dependent fashion. The
addition of TNFα boosted the proliferation of the
endometriotic stromal cells, and the stimulatory effects of
TNFα seemed to be neutralized by adding either anti-TNFα
antibody or anti-IL-8 antibody. [53]
The level of TNFα in PF from women with
endometriosis showed a positive correlation with the level of

3. Interleukine-1
IL-1, mainly produced by monocytes and macrophages,
is another important mediator that is actively involved in the
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immune and inflammatory response in humans [51] and in
particular in endometriosis-associated pelvic inflammation.
On the other hand, several natural specific inhibitors,
including soluble IL1 receptor accessory protein (sIL1RAcP)
and soluble IL1 receptor type 2 (sIL1R2) are critical for
counterbalancing the pleiotropic effects of IL1.[43]
IL-1 is known to enhance IL-6 and TNF-α – important
cytokines which can be used to efficiently predict the
progression of endometriosis. [48] Moreover, IL-1
stimulates the expression and production in vitro of
chemokines in endometrial stromal cells and macrophages
of women with endometriosis. IL-1 enhanced the expression
of IL-8, growth-related oncogene-α (GRO-α) and epithelial
neutrophil-activating peptide-78 (ENA-78). [67, 68]
Aberrant endometrial cells responsive to IL-1 in
endometriosis are caused by the decreased ability of these
cells to down-regulate IL-1 action, which may be triggered
by an exaggerated inflammatory response at the onset of the
disease. [69]
IL-1 RII works as a bait receptor that could be released
in a soluble form after enzymatic cleavage of the cellular
domain of the membrane-bound receptor. Rather than
differential splicing, matrix metalloproteinase enzymes
(MMPs) are involved in the production of soluble decoy
enzymatic cleavage from the cell surface receptor.[51, 70]
Michaud et al. found and described for the first time that
sIL1RAcP was greatly decreased in the peritoneal fluid of
women with endometriosis. This was similar to previous
results proving that sIL1RAcP expression levels in the
eutopic endometrium were highly decreased in women with
endometriosis as compared to controls. [71] IL1 was also
significantly elevated in endometriotic women with
infertility or pain, as demonstrated by the same study, but
there was no relationship between sIL1RAcP and
endometriosis-related infertility.[43]
However, there was significant decrease in sIL1RAcP
particularly in women with endometriosis who experienced
pelvic pain compared with normal controls. The role of
proinflammatory mediators in endometriosis-related pain
has been documented. [72, 73] Recent studies suggest that
the generation of pain may be greatly influenced by the
macrophages through interaction with nerve fibers. [40] IL1
is a major product of activated peritoneal macrophages and
researchers have identified a relationship between the
cytokine's levels and pelvic pain in endometriosis. [74]
However, the direct effects of IL1 on nerve fibers and
endometriosis-associated pelvic pains are yet to be clarified.
[43]
This study may have an interesting pathophysiological
relevance. IL1 have proved elevated not only in the
peritoneal fluid of women with endometriosis, but also in
endometriotic lesions and activated peritoneal macrophages.
[74-77] This pleiotropic cytokine has proinflammatory,
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angiogenic, and growth-promoting abilities. [1, 78-83] It has
been recently demonstrated that sIL1RAcP significantly
inhibit IL1. This protein seems to augment the binding
affinity of the decoy inhibitory sIL1R2 to IL1. [84]
Consequently, smaller quantities of sIL1RAcP which
become available in the peritoneal fluid, may influence
sIL1R2 affinity to IL1 and further its inhibitory effect.
Moreover, the decrease in the peritoneal levels of sIL1RAcP
discovered by this team of researchers was accompanied by
a decrease in the levels of sIL1R2 and an increase in those
of IL1β, and was prominent in the secretory phase of the
menstrual
cycle.
IL1
has
significamt
intrinsic
proinflammatory, angiogenic, and mitogenic abilities, and a
defect in sIL1RAcP may, in combination with peritoneal
IL1/IL1R2 imbalance, increase IL1 effects on target cells as
well as influence the pathogenesis of peritoneal
endometriosis and the capability of endometrial cells to
implant and grow into ectopic sites.[43]
4. Interleukine-18
Interleukin-18 (IL-18) is a cytokine in the IL-1 family
[27], originally identified as interferon gamma (IFN-γ) in
Kupffer cells and macrophages. [85] IL-18 activates natural
killer (NK) cells and also protects against bacterial
infections. It is vital in the inflammatory cascade and in the
process of innate and acquired immunity due to the fact that
it is able to induce the production of IFN-γ in T lymphocytes
and NK cells. [85, 86] Moreover, IL-18 correlates with IL12 to promote the development of the T helper response and
a shift to the Th1 pattern.[24, 86] There are still
contradictions regarding the role of IL-18 in endometriosis,
and this might be explained by the lack of homogeneity
among the patient groups studied and the fact that most of
the studies did not focus on infertile patients with
minimal/mild endometriosis.
Among the investigators who studied the association
between IL-18 and endometriosis, Arici et al. and then Oku
et al discovered that the measurable levels of IL-18 in the
peritoneal fluid of patients with treated endometriosis were
significantly higher than those of the control group with
endometriosis without treatment.[86, 87] Moreover, Zhang
et al. assessed the concentration of IL-18 in the peritoneal
fluid and serum of women with endometriosis and identified
to be significantly lower in patients with endometriosis than
in women without endometriosis, submitted to tubal ligation.
[88] Additionally, they could not find a correlation between
peritoneal and serum concentrations of IL-18. Luo et al. also
reported down-regulation of IL-18 mRNA expression in
ectopic and eutopic endometrium of women with
endometriosis. [89] Similarly to the results of Fairbanks et al.
[90] who found no difference in IL-18 levels either in serum
or in peritoneal samples from patients with endometriosis,
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but identified a significant increase in IL-12 levels in
patients with endometriosis and with more advanced stages
of the disease, Glitz et al.reported that the concentration of
IL-18 in serum or peritoneal fluid was not altered in women
with minimal or mild forms of endometriosis. [27] They
found no difference in IL-18 in patients or controls with or
without infertility caused by minimal or mild endometriosis,
which supports an alternative pathway in the induction of a
Th1 inflammatory response in patients with endometriosis.
However, the strong and positive correlation between serum
and peritoneal IL-18 levels might indicate a systemic
immunoregulatory role of IL-18 and not a solely local
(peritoneal) production of IL-18.
The final different results of these studies might be
greatly influenced by the use of different kits for the
determination of IL-18 as well as the different selection
criteria of subjects.[27]
5. Interleukine -6
Interleukin-6 is a pleiotropic cytokine that is generated
by a variety of cell types, including monocytes, lymphocytes,
fibroblasts, endothelial cells, and mesangial cells. IL-6 may
also be involved in reproductive physiology, including the
regulation of ovarian steroid production, folliculogenesis
and early events related to implantation. IL-6 is produced by
both eutopic and ectopic endometrium. [8, 37, 48, 91]
Moreover, though not constantly, IL-6 seems to be involved
in pelvic adhesion formation in both clinical situations and
experimental systems. [92-94]
IL-6, which as previously said is secreted by
endometriotic cells, plays a significant role in the
pathogenesis of endometriosis and, in correlation with
interferon-γ (IFN-γ) may upregulate soluble intercellular
adhesion molecule −1 production by macrophages in
patients with endometriosis. Several studies have associated
the aberrant expression of transformation growth factor beta
(TGF-β) and vascular endothelial growth factors (VEGF)
with the pathogenesis of endometriosis. Moreover, TGF-β
and platelet derived growth factor (PDGF) are known to
encourage Fas ligand (FasL) expression by the endometrial
stromal cells. Hence, immune cells that in normal conditions
clear the peritoneal cavity of endometrial cells suffer death
by apoptosis due to the interaction between the Fas on their
surface and the FasL expressed by the endometrial cells.
This increases the survival of ectopic endometrial cells
culminating in endometriosis. [37]
Similarly to previous reports [9, 95-98] Barcz et al.
reported that endometriosis correlates with increased
concentrations of peritoneal fluid IL-6 and IL-8 and that the
increased levels of both cytokines are associated with the
more advanced stage of the disease.[92] However, they
could not identify any statistically significant differences in
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the case of the other tested cytokines (IL-1β, TNF, IFN-γ,
and IL-12), which is also consistent with previous results.
[95, 96] The pathogenesis of endometriosis might be greatly
influenced by these cytokines [9, 21, 36, 98, 99], but it
should be underlined that their levels have not always been
reported to be increased in the course of this disorder [37,
100, 101] Possible explanations for this might be the
following: the unidentified differences between patient
groups, depending on differences in the disease as well as
genetic diversity, phase of the menstrual cycle, and possibly
others, (for example, the not fully recognized factors such as
energy balance regulatory agents). [92, 95, 96, 100].
It has been commonly recognized by various
researchers that the inflammatory responses that may cause
the induction of adhesion formation may primarily be
associated with the production of proinflammatory cytokines
interleukin-1 (IL-1), IL-6, and tumor necrosis factor (TNF).
[92, 102, 103]
Contrary to these, the study of Baracz et al.,confirmed
the role of IL-6 and IL-8 in the pathogenesis and progression
of endometriosis, but they excluded the primary role of these
cytokines in the formation of endometriosis-associated
peritoneal adhesions. Although they reported that the
increased levels of this cytokine were statistically
significantly associated with higher grades of pelvic
adhesions, the multivariate regression analysis demonstrated
that this effect was related to an increased revised AFS score
of endometriosis. Thus, the present observations seem to
sustain other results that demonstrate that this cytokine plays
no role in the formation of adhesion. [104]
However, Bedaiwy et al. [48] demonstrated that serum
IL-6 and PF TNF-α, could be surprisingly used to
differentiate between patients with and without
endometriosis with a high degree of sensitivity and
specificity. This, however, was not confirmed by other
results. They could not identify any significant differences
in the concentration of IL-6 in the sera of women in the two
groups. [37, 48]
On the other hand, development of pelvic adhesions
during endometriosis is negatively correlated with increased
levels of VEGF-A which can be accounted for by the
stimulatory effect of this cytokine on fibrinolytic system.
This might indicate the fact that the VEGF signaling
pathway may serve as a therapeutic target in the prevention
of peritoneal adhesion formation. [92]
6. Interleukine -22
Furthermore, IL-22, a member of the IL-10 cytokine
family, stimulates the production of inflammatory mediator,
such as IL-6. [105] IL-22 is also essential for the release of
chemokine such as CXCL1, CXCL5, CXCL9, and CCL2.
[106, 107] It has been previously confirmed that both
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chemokine CCL2 [108] and IL-8 [109] regulate endometrial
stromal cells (ESCs) behavior, and are associated with
endometriosis. Guo et al. reported that the higher level of
IL-22 and its receptors in eutopic endometrium may
promote the expression of CCL2, IL-8/CXCR1, and further,
the growth of ESCs possibly through activating STAT5,
MAPK/ERK1/2 and or AKT signal pathways, which may
play a role in the occurrence and development of
endometriosis. [14]
7. Corticotropin releasing hormone (CRH) and
urocortin (UCN)
Moreover, corticotropin releasing hormone (CRH) and
urocortin (UCN) are neuropeptides, being in a close
relationship with stress and inflammation and their effects
are mediated through CRHR1 and CRHR2 receptors. It may
be interesting to note that Vergetaki et al. studied and
demonstrated for the first time that not only CRH and UCN
but also CRHR1 and CRHR2 are expressed in endometriotic
lesions and that CRH, UCN, CRHR1 and CRHR2 are
significantly in higher quantities in endometriotic lesions
than the corresponding eutopic endometrium of
endometriotic women as well as in eutopic endometrium of
endometriotic women compared to healthy individuals.
Taking also into account that there is a correlation between
the high levels of stress and the progression of
endometriosis[110] as well as the fact that CRH is activated
by high levels of stress [111-113], these results may explain
the neuroendocrine vicious circle of stress, mediated by
CRH and UCN which is likely to keep a chronic
inflammatory profile as well as infertility. [3]
8. Monocyte chemoattractant protein-1 (MCP-1)
and other cytokines
Monocyte chemoattractant protein-1 (MCP-1) is a
chemo-attractant that recruits macrophages into the
peritoneal cavity. It is secreted by a variety of leukocytes
and by mesothelial and endometrial cells. It is produced in
higher quantities in ectopic endometrium. MCP-1 is
upregulated by IL-1, in eutopic endometrial epithelial cells
in women with endometriosis and in cultured ectopic
endometrial cells. The estrogen further stimulates this action.
[37, 114] It has been demonstrated in an early study that
MCP-1 could substantially increase the production of Fas
ligand in cultured endometrial and stromal cells.
Surprisingly, this incremented production did not upregulate the apoptosis of endometrial cells but increased the
apoptosis of T lymphocytes. This might trigger the
development of immunotolerance by stimulating the
apoptosis of leukocytes and thereby helping the survival of
ectopic endometrial cells. [29, 115]
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Moreover, Kalu et al. investigated the possible
implication of PDGF, VEGF, IL-6, RANTES, IL1-β, IL-8,
TNF-α, MCP-1, sFas, and sFasL in the pathogenesis of
endometriosis.[37] As in other studies, they have identified
that the concentrations of IL-8 [31, 32, 116], IL-6 [8, 117]
and MCP-1 [114, 118, 119] in the PF of women with active
endometriosis are significantly higher. However, they could
not find an equivalent increase in the concentration of these
cytokines in the serum of these women, compared to the
control group. This local enhancement of the cytokines in
the PF, but not in serum, could be explained by the
increased secretory PF macrophage activity, a major
recruitment of peripheral blood monocytes and by the
autocrine release by endometriotic cells.[37] However, they
could not identify increased levels of sFas, sFasL, VEGF,
IL-1 β, TNF-α, and PDGF either in PF or in serum of
women with endometriosis. This could suggest that the
alternative mechanisms play a major role in preventing
macrophage mediated clearance of the endometriotic cells.
[37]
Monocyte/macrophage recruitment and activation and
exacerbation of local immuno-inflammatory reaction might
be greatly influenced by the overexpression of macrophageactivating factors in eutopic and ectopic endometrial tissues
such as MCP1, macrophage migration inhibitory factor
(MIF) and IL1. [43, 78, 114, 120-122]
Besides being a glucose-dependent islet cell product
that regulates insulin secretion in an autocrine fashion MIF,
a potent immuno-modulatory, angiogenic and tissue
remodeling factor, which has anti-apoptotic, proliferative
properties has a marked expression in ectopic endometrial
implant [123, 124]. It can also be involved in the capability
of this tissue to grow and develop into the host tissue. (IL)-1
may play a role in MIF synthesis and secretion by ectopic
endometrial cells. [125-129]
MIF concentration also seems to further increase in
endometriosis women who were infertile or suffer from
pelvic pain. This uncovers a link between this factor and the
endometriosis major symptoms.
Therefore, the increased expression of MIF in active
and early stages endometriotic lesions may partially explain
the involvement of this factor in the cell proliferation and
angiogenesis that is required for the ectopic growth of
endometrial tissue.
Additionally, the regulatory effect of MIF on the
immune system and especially its effects on the activation
and the accumulation of macrophages might explain the
presence of feed-forward mechanisms by which
macrophage-derived factors may play a role in MIF
expression in ectopic endometrial tissue.[125]
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III. Conclusions
There has been a lot of advance in deepening the
understanding of this debilitating disease since the original
clinical description of endometriosis as it has been a major
cause of hysterectomy and hospitalization in the United
States, with total annual healthcare costs estimated at $69.4
billion in 2009. [130] Due to the significant individual and
public health concerns associated with endometriosis it is
highly important to fully grasp its pathogenesis and
pathophysiology. The PF of women with endometriosis
establishes a microenvironment for the development of the
disease and is subjected to a number of pathological changes,
including inflammatory processes with locally and
systemically altered function of the immune system. This
review suggests that cytokine network contributes a lot to
the etiology and pathogenesis of this disease, most of them
displaying angiogenic properties.
Deepening our
understanding of endometriosis, the development of
preventive strategies, novel non-surgical means of diagnosis
and targeted therapeutics are all likely to become realities.
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