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Abstract

Endometriosis is a common gynecological disease among women of reproductive
age, which affects approximately 6 ~10 percent of females, but the pathogenesis
of endometriosis is still ambiguous. Until now, the prevailing theory concerning
the etiology of endometriosis is the retrograde menstruation hypothesis put
forward by Sampson in 1921. However, it can’t illustrate completely the etiology
and pathology of the endometriosis. In recent years, immune-inflammatory factor
is a hot point of endometriosis field. Many studies demonstrated that the numbers
and level of cytokines in the peritoneal fluid of endometriosis patients, namely
the macrophage migration inhibitor factor (MIF) which is one of the cytokines
described previously, is increased. This has been observed to have a crucial role
during the pathology of endometriosis as well as pelvic pain and infertility which
are responsible for endometriosis. Therefore, MIF might be the target of new
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approach to diagnosis and therapy endometriosis.
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Introduction

Endometriosis is characterized by endometrial glands and stroma
located outside of the uterine cavity. It’s prevalence is nearly 6~10
percent [1] among reproductive female and shows an increase
trend during the past few years. The patients suffering from
pain, infertility or both is as high as 35~50 percent. The etiology
and pathology of endometriosis has not yet been elucidated.
Several factors contribute to the development of endometriosis
such as disturbance of hormonal condition, familial and genetic
factors and immune-inflammatory factor [2]. In the past decade,
evidence based on immunologic study indicates that MIF plays
an important role in the process of endometriosis development,
which possibly acts as a biomarker for diagnosis of endometriosis.
Hence, MIF might be the key of a new way to diagnosis and
therapy endometriosis [3-5].

The effection of MIF during the endo-
metriosis development

In 1966, Bloom et al named firstly the cytokine secreted by
activated T cell that inhibits the random migration of macrophage
for macrophage migration inhibitor factor. The MIF gene is a
highly conserved sequence, it’s protein exists as a homo-trimer
and displays enzymatic action. MIF combines with CD74 then
involves sustained activation of the ERK-1/2 family of mitogen-
activated protein kinases (MAPK), which results in increased

levels of the precursors of pro-inflammatory prostaglandins,
leukotrienes and cells proliferation. MIF is secreted mainly by
activated lymphocytes and macrophage, endometriotic glandular
and stromal cells. MIF is a important component of congenital
immunity that described as a pro-inflammatory cytokine firstly,
and subsequently identified having diverse biological functions,
which are involved in immunity, inflammatory, cells proliferation,
and angiogenesis.

The pathogenesis of endometriosis is based on three steps:
adhesion, migration, and angiogenesis. The angiogenic process is
a critical step for endometriosis development [6-9]. Researchers
observed that the peritoneal fluid of endometriosis patients
displayed a greater angiogenic activity both in vivo and in vitro
using the model of endothelial cell proliferation [10]. Some
angiogenic factors may contribute to the neovascularization of
ectopic endometrial implants; for instance, Tumor Necrosis Factor
alpha (TNF-a), interleukin-8 (IL-8) and Vascular Endothelial Growth
Factor (VEGF),whose concentration have already documented
to be increased in the peritoneal fluid of women suffering from
endometriosis. However, if the ectopic endometrial cells can
produce angiogenic factors by itself to ensure their survival and
development, Yang, et al. [11] analyzed one bioactive fraction
that markedly enhanced endothelial cell proliferation in vitro
showing 100% homology with MIF, then the protein was testified
as MIF by a specific anti-MIF antibody. The investigation reveals
that MIF can be released by endometriotic cells and acts as a
potent mitogenic factor for human endothelial cells to stimulate
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cells proliferation directly for its angiogenic activity or indirectly,
by stimulating endometriotic stromal cells to produce potent
angiogenic factors. As we know the angiogenicability with MIF, it
is a critical for ectopic endometrial cells survival and proliferation
with endometriosis. Thus, In 2002, Akoum, et al. [7] for the
first time reported that women with endometriosis have a high
level of MIF in peritoneal fluid and there was a 238% increase
of MIF in those patients as compared to healthy females. MIF
concentrations were more significantly increased in infertile than
in fertile women with endometriosis. So, MIF may contribute to
endometriosis-associated infertility and angiogenesis through
its effects on endothelial cell proliferation. This indicates that
MIF might have a great relationship with the neovascularization
of ectopic endometrial implants. In 2005, Akoum, et al. [12-16]
using ELISA to measure peripheral blood MIF of women suffering
from endometriosis, the result showed that the level of MIF in
peripheral blood of women with endometriosis increased by
364% than normal controls. It rose significantly in the earlier
stage and reached its peak level in the advanced stages (llI-1V);
those findings elucidated a plausible link between MIF and the
disease progress. On the other hand, MIF can also stimulate
endometriotic stromal cells to produce potent angiogenic factors.
MIF promotes monocyte/macrophage activation and it is required
for the optimal expression of TNF-a, MCP-1,IL-1,IL-8, and VEGF
through the MAPK pathway [9,13-16]. Leng, et al. [17] in their
work reported that CD74, a Type Il transmembrane protein, was
the receptor for MIF, after MIF binding to the extracellular domain
of CD74, it will induce activation of the extracellular signal-
regulated kinase—1/2 MAP kinase cascade, cell proliferation,
and PGE2 production [4,14,18]. MIF might function to stimulate
secretion of angiogenic factors by exerting a indirect effect on
endometrial cell growth. At the same time, some cytokines
can conversely up-regulate expression of MIF, for example, IL-
landTNF-avia the kB nuclear transcription factor (NFkB) could
up-regulate the expression of MIF in endometrial stromal cells.
MIF combining with CD74 induces activation of MAPK/ERK
pathway which markedly increase the expression of angiogenic
factors, such as MCP-1, IL-8, VEGF, TNF-a, which are involved in
the pathologic process of endometriosis development. Some of
them will enhance secretion of MIF conversely, based on the cycle
[18-20]. Those factors eventually establish a feedback positive
loop to survive the ectopic endometrial cells which might play a
considerable role in the development of endometriosis. Recently,
Shahhosein, et al. [21] performed the real-time polymerase
chain reaction to evaluate the expressions of MIF, CD74, and
COX-2 in normal, ectopic, and eutopic endometrium. The result
showed that relative mRNA expression of MIF, CD74, and COX-2
was significantly higher in ectopic endometrium than in eutopic
and control endometrium. When MIF binding to CD74, inducing
activation of the NF-kB pathway, will give rise to over-expression
of B-cell ymphoma—extra-large (Bcl-XL) and Bcl-2, which are both
essential factors in apoptosis inhibition, MIF binding to CD74 also
results in over-expression of Toll-like receptor 4 (TLR4), which is
one of the receptors of the macrophage surface in response to
bacterial lipopolysaccharides. Some studies show that TLR4 could
activate NF-kB and mitogen-activated protein kinase (MAPK)
pathways to regulate expression of COX-2 [22-24], which will
cause a large amount of prostaglandins release contributing to
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endometriosis relative pelvic pain [22-24]. Last year, Rakhilae, et
al. [25] used knockout (KO) genetic approaches forming MIF gene
knockout mice(MIF-KO) model to identify the function of MIF in
establishing ectopic endometrium lesions they noted that the
number and size of endometriosis-like lesions from MIF-KO mice
reduced significantly as compare to control mice, when MIF add-
back to MIF-KO mice as well as when WT mice were treated with
a selective specific inhibitor of MIF (1SO -1), and then the outcome
was opposite. In addition, the expression of VEGF, COX2, BCL2,
which are important mediators of angiogenesis, adhesion and
cells survival, is down-regulated in the endometriosis implants
and those from WT mice treated with ISO -1, these results
coincided with Shahhoseini et al. Those evidences demonstrate
that MIF plays a crucial role in the endometriosis development.

There are few studies to focus on the progress of endometriosis,
the result contradict with each other as well. In 2010, Zhang, et
al. [16] investigated whether there is a correlation between MIF
variation and disease stage. However, the date showed that a
large amount of elevation MIF concentration in the endometriosis
female, however, there was no significantly association between
MIF expression and American Fertility Society staging of
endometriosis, the result is obviously different from previous
that Akoum, et al. [12] reported and consistent with Gupta, et
al. [26] research. The contradiction conclusion may due to the
different numbers and disease stage of patients included in the
study and method. We have acknowledged that the expression
of MIF markedly increased in women with endometriosis, but it is
still unclear if there is a parallel link between MIF expression and
American Fertility Society staging of endometriosis, which need
to be identified by further clinical research.

The role of the MIF in diagnosis of endo-
metriosis

The gold standard approach for diagnosis of endometriosis
currentlyislaparoscopythatisdirectvisualization of endometriotic
implants [27]. However, it is an invasive and expensive means;
thus, there is a low compliance in women with endometriosis,
though some certain biochemical characteristics related to
endometriosis, none of these subjects have adequate sensitivity
or specificity for clinical application. Hence, endometriosis
maybe definitively diagnosed after 6 to7 years from onset of
symptoms [1], therefore, it is urgent to look for a way for early
diagnosis of endometriosis at the moment; serum biomarkers is
possibly an available replacement. At present, the main serum
biomarker used for diagnosis of endometriosis is CA125, which
is mostly responsible for epithelial ovarian cancer. It may have
value in monitoring the progression of disease or recurrence
during therapy, while there is low sensitivity for a screening test
about endometriosis [28-30]. Previous studies indicated that the
concentration of MIF in peritoneal fluid and peripheral blood
of women suffering from endometriosis markedly increased as
compared to the control group. The difference has statistical
significance and thus, the problem is whether the variation of
serum MIF concentration can act as one of the biomarkers used
for early diagnosis of endometriosis [28-30]. Seeber, et al. [31]
verified the panel of markers can accurately predict endometriosis
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including seven cytokines, those cytokines play a role in the
development of endometriosis in some degree capable of the
potential as a diagnostic marker [26]. The date indicate that
the individual diagnostic performance of each of the markers is
poor, a three-marker panel of CA-125, macrophage chemotactic
protein-1, and leptin could diagnose 51% of subjects as to the
presence of endometriosis with 89% accuracy, when adding MIF,
the panel could diagnose 48% of subjects with 93% accuracy, it
may be a effective method to diagnose endometriosis using panel
of markers. last year, the findings on diagnostic potentials of nine
different biomarkers in endometriosis including MIF was reported
by Ozhan, et al. [32]. The result showed that the level of CA125,
LN-1, STX-5 had a statistically significant difference as compared
to the control, the sensitivity and specificity of CA125 is higher
than others and there was a lack of diagnostic potential value
in endometriosis about the level of MIF and other biomarkers.
Although we received a negative result for the variation of serum
MIF in diagnosis of endometriosis, which seems that MIF lack the
value of diagnostic potential in endometriosis and we hope it will
be elucidated in the future.

The inhibitor of MIF in endometriosis
therapy

Amongst the inhibitor of MIF including antibody, inhibitor of MIF
enzymaticactivity and inhibitor purification from plant, the scholar
put their emphasis on inhibitor of MIF enzymatic activity, which
could suppress the activity of MIF isomerase and oxidoreductase,
(S, R)-3-(4-hydroxyphenyl)-4,5-dihydro-5-isoxazole acetic acid
methyl ester (ISO-1), a selective specific of MIF, which has been
identified by numbers of laboratories worldwide. Like neutralizing
anti-MIF antibodies, 1SO-1 significantly improves survival and
reduces disease progression and/or severity in multiple murine
models where MIF is implicated [16,33,34]. Rakhila, et al. [25]
through the endometriosis murine model that implanted human
endometrial tissue into murine peritoneal cavity to establish
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endometrial lesions. After the endometriotic-like lesions
development, they gave a ISO-1 treatment to the mice with
endometriosis to assess the effect of 1SO-1 on endometriotic-
like lesions, the consequence showed that the number and
size of endometriotic-like lesions reduced markedly and the
expression of VEGF, IL8, COX2. Bcl2 was down-regulated
in endometriotic-like lesions from mice treated with 1SO-1.
This coincided with Mahdian, et al. [21] reported, these result
suggest that inhibition of MIF activity can eventually reduce
endometriotic implant size and give rise to a speculation that a
similar approach of targeting MIF may prove useful in treating
endometriosis in humans. Perhaps 1S0-1 could be used to treat
endometriosis clinically many years later and might be the key to
a novel way for endometriosis treatment.

In conclusion, based on the concentration of MIF significantly
increased in eutopicand ectopic endometrial tissue, peritoneal
fluid, as well as peripheral blood, it was revealed that MIF plays a
crucial role on the endometriosis development, especially at early
stage of the disease. Over expression of BCL2 induced high level
of MIF in the eutopic endometrial cells contributed to retrograde
endometrial cells survival, the high concentration of MIF in the
peritoneal fluid retained and activated macrophage, later up-
regulated the expression of VEGF, MMP-2, IL-8, MCP-1, Those
factors eventually establish a feedback positive loop to survive
the ectopic endometrial cells which might play a considerable
role in the development of endometriosis. In the condition of
high level MIF in peritoneal fluid; those cytokines take part in the
pathology of endometriosis. Although the serum levels of MIF
were elevated in women with endometriosis, there seems to be
a lack of data to support MIF possessing diagnostic potential in
endometriosis at present. The number and size of endometriotic-
like lesions significantly reduced in murine model after treatment
with 1S0-1, which might provide a new approach to therapy
endometriosis. The mechanism of MIF involved in endometriosis
is still inconclusive, which may be explained following advanced
researches [33,34].
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