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ABSTRACT:
Background

Endometriosis is a multifactorial pathology dependent on intrinsic and extrinsic factors, but
the immune deregulation seems to play a pivotal role. In endometriosis-associated infertility
this could raise the benefit of immunomodulatory strategies to improve the results of ART. In
this review, we will describe (1) sera and peritoneal fluid cytokines and immune markers; (2)

autoantibodies; (3) immunomodulatory treatments in endometriosis with infertility.
Methods

The literature research was conducted in Medline, Embase and Cochrane Library with
keywords: “endometriosis”, “unexplained miscarriage”, “implantation failure”, “recurrent
implantation failure » and « IVF-ICSI », « biomarkers of autoimmunity”, “TNF-a”, “TNF-a
antagonists”, “infliximab”, “adalimumab”, “etanercept”, “immunomodulatory treatment”,
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“steroids”, “intralipids”, “intravenous immunoglobulins”, “G-CSF”, “pentoxyfylline”.
Results

Several studies analyzed the levels of pro-inflammatory cytokines in sera and peritoneal fluid
of endometriosis-associated infertility, in particular TNF-a. Various autoantibodies have been
found in peritoneal fluid and sera of infertile endometriosis women even in the absence of
clinically defined autoimmune disease, as antinuclear, anti-SSA and antiphospholipid
autoantibodies. In few uncontrolled studies, steroids and TNF-a antagonists could increase the

pregnancy rates in endometriosis-associated infertility, but well-designed trials are lacking.
Conclusion

Endometriosis is characterized by increased levels of cytokines and autoantibodies. This
suggests the role of inflammation and immune cell deregulation in infertility associated to
endometriosis. The strategies of immunomodulation to regulate these immune deregulations

are poorly studied and well-designed studies are necessary.



Introduction

Endometriosis is an inflammatory oestrogen-dependent chronic disease defined by the
presence of endometrial glands and stroma at extra-uterine sites [1]. The prevalence vary from
5-10% in women with pain symptoms, dyspareunia and dysmenorrhea, and at least one third
of them suffer from infertility [2]. Besides chronic pain representing an important challenge in
these young women, another important problem is the management of endometriosis-
associated infertility. Reduced fertility in women with endometriosis can be related to
mechanical distortions with pelvic adhesions, occlusions of the tubal ostia and decreased
folliculogenesis. Chronic intraperitoneal inflammation is another important feature of
endometriosis and can impair the fertility by increasing the concentration of pro-inflammatory
cytokines. This pro-inflammatory environment can interfere with oocyte-sperm interactions,
embryo development and implantation [3]. Moreover, increased prevalence of various
autoantibodies and autoimmune diseases such as systemic lupus erythematosus, Sjogren’s
syndrome, rheumatoid arthritis or chronic inflammatory bowel disease in endometriosis
women raise the possible autoimmune link with endometriosis-associated infertility [4, 5].
The physiopathological mechanism involved in endometriosis-associated infertility is not
clearly elucidated. The hypothesis of altered oocyte quality is frequently raised, as the
pregnancy rates in egg donation tend to be decreased if the donor has the history of
endometriosis [6, 7]. On the other hand the endometrial alterations involved in embryo
implantation process in women with endometriosis are debatable [8, 9]. Nevertheless, the
immune profile alteration observed in women with endometriosis could play an important role

in the infertility.

As far as medical management of endometriosis is concerned, the handling of chronic pain is
mainly based on hormonal therapies, such as contraceptive pill, progestogens, GnRH agonists
and anti-aromatase inhibitors. These therapies, however, are inconvenient for the management
of infertility. The management of endometriosis-associated infertility combine the selective
surgery and the Assisted Reproductive Technology (ART). The place of immunomodulatory
therapies has been raised for the endometriosis-associated infertility but remain poorly studied
[10]. Among the potential immunomodulatory therapies, the value of steroids and TNF-a

antagonists have been previously studied, but their potential efficacy remains to be



determined in well-designed studies [11]. Even if the use of assisted reproductive
technologies (ART) in endometriosis-associated infertility increases the pregnancy rates,
effective combined strategies to improve the results of ART in endometriosis-associated

infertility are still lacking.

The aim of this review is to describe sera and peritoneal fluid cytokines, autoantibodies and

immunomodulatory treatments in endometriosis-associated infertility.
Methods
Search strategy

Data for this review were obtained through a systematic and comprehensive literature search
using the keywords to identify articles published in English from PubMed (MEDLINE) ,
Embase and Cochrane Library and limited to studies published in French or English between
1990 and 2020. Selection criteria included randomized clinical trials, observational open-
labelled studies, case-reports and retrospective case-series related to endometriosis-associated
infertility. The “Mesh Database” of Pubmed helped steer the search by combining Mesh
keywords: “endometriosis”, “unexplained miscarriage”, “implantation failure”, “recurrent
implantation failure” and “IVF-ICSI”, ”biomarkers of autoimmunity”, “TNF-a”, “cytokines”,
“TNF-0 antagonists”, “infliximab”, “adalimumab”, “etanercept”, “immunomodulatory
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steroids”, “intralipids”, “intravenous immunoglobulins”, “hydroxychloroquine”,
“G-CSF”; pentoxifylline”. Research was carried out with the following keywords in the title,
abstract or keywords in articles. A first selection was made by eliminating redundant articles

and in this case, the most recent publication was taken into account.

Cytokines and other immune factors in sera and peritoneal fluid of endometriosis-

associated infertility: possible biomarkers

Several studies analyzed the levels of pro-inflammatory cytokines in sera and peritoneal fluid
of endometriosis-associated infertility [12, 13] [14]. Increased levels in peritoneal fluids of
TNF-a, interleukin-1 (IL)-1, IL-6, IL-10, TGF-B1 and IL-8 were demonstrated in infertile
women with endometriosis [15]. In comparison to women with tubal infertility, women with
endometriosis-associated infertility have increased follicular fluid levels of TNF-a,

granulocyte-macrophage-colony stimulating factor (GM-CSF) and IL-15, whereas IL-10



levels were significantly decreased [16]. Whereas IL-6 follicular fluid levels were not
significantly increased in women with endometriosis-associated infertility [16], endometrial
stromal cells from endometriosis implants secreted significantly higher levels of IL-6 at
baseline and after IL-1 stimulation than cells from endometrium of women with

endometriosis and normal controls [17].

The exact role of IL-1 and IL-6 in infertility is not completely elucidated. IL-6 promotes the
acute phase of inflammatory response by inducing the differentiation of B and cytotoxic T
cells and reducing the NK cell cytotoxic activity [18]. High concentrations of IL-6 might
inhibit the proliferation of endometrial stromal cells [19]. Although the presence of IL-6 is
required for the promotion of blastocyst development, its might limit the blastocyst
interaction with matrix substrates during the process of adhesion [20]. On the other hand, IL-6
could reduce significantly the motility of sperm [21]. Interleukin-6 is involved in various
pathologies of pregnancy such as miscarriage, preeclampsia or preterm birth [20]. As far as
IL-1 is concerned, its role in disrupting of the endometrial decidualisation has been
demonstrated [22]. IL-1P seems to inhibit estrogen receptor-a and progesterone receptors thus

modifying hormonally induced signalization pathways [23].

Among women undergoing laparoscopy for pain, infertility or tubal ligation, serum and
peritoneal fluid TNF-a and IL-6 levels were significantly increased in women with final
diagnosis of endometriosis [24]. In in vitro studies TNF-a increases the transcriptional activity
in endometrial epithelial cells and modulates the expression of estrogen-regulated genes,
which are implicated in growth, proliferation and tissue invasion [25]. Higher peritoneal fluid
IL-8 levels were induced by exposure to TNF-a [26]. Basal synthesis of TNF- a, IL-6, and
IL-8 and the LPS-stimulated synthesis of TNF-a by blood monocytes from women with
endometriosis was significantly greater in comparison to fertile controls, whereas no changes

were noted for IL-10 [27].

It is not well established if those cytokine local and general changes are the reason or the
consequence of endometriosis. Nevertheless, the presence of ectopic endometrium promotes a
highly inflammatory, pro-angiogenic and hormone-rich microenvironment  [28].These
increased cytokines may be secreted by peritoneal macrophages, lymphocytes, endometrial

implants and mesothelial cells of the peritoneum which are recruited and activated in



endometriosis [15] [29]I The consequence of increased proinflammatory cytokine levels in
peritoneal fluid could result in diminished quality of oocyte and, consequently, embryos, even
if the precise mechanisms are not established [14] [28]. The impaired adhesion, implantation
and angiogenesis are among the various mechanisms implicated in the endometriosis-
associated infertility, an increased inflammatory status is probably one of the corner

mechanism for the decreased fertility in endometriosis [15] [14].

Proangiogenic factors such as VEGF and PIGF have been proposed as the principal molecules
involved in the neovascularization necessary for the implantation, establishment and
development of ectopic endometriotic tissue [30] [31]. The role of PIGF in the induction of
inflammation has been suggested in cutaneous inflammation [32]. Their concentrations were
found to be increased in peritoneal fluid of women with endometriosis, as well as that of IL-8

which is a potent chemo-attractant for numerous immune cells [33] [34].

Other factors such as antioxidant agents, chemokines, adhesion molecules (sSICAM-1) and
chemotactic proteins such as monocyte chemoattractant protein-1(MCP-1), regulated upon
activation, normal T cell (RANTES or CCLS5) could be impaired in endometriosis-associated
infertility [33] [34] [35]. Even if the levels of these various cytokines and factors could be
dysregulated in endometriosis, the cytokines measurement in peritoneal fluid and serum is not
actually used in routine screening to demonstrate the underlying inflammation and determine
women that could benefit from immunomodulation strategies. Many biomarkers for
endometriosis have been investigated, but no biomarker has been validated and a panel of

biomarkers will most likely be necessary for a complex disease such as endometriosis. [36]
Prevalence of autoantibodies in endometriosis-associated infertility

Various autoantibodies have been found in peritoneal fluid and sera of infertile endometriosis
women even in the absence of clinically defined autoimmune disease [12]. Antinuclear
(ANA), anti-SSA/Ro and antiphospholipid autoantibodies (aPL) were more frequent in
women with endometriosis than controls [37]. Anti-cardiolipin antibodies and anti-sperm
antibodies were both more frequent in sera and peritoneal fluids of 323 various stage

endometriosis women comparatively to infertile non-endometriosis patients [38].

Even if the exact mechanism of autoimmunity in infertility is not completely elucidated, its

role in pregnancy loss has been widely accepted. aPL might be responsible for the damage of



the trophoblast and provoke premature aging and necrosis of the villi [39] [40].The presence
of aPL could be associated to a lower ovarian reserve [41]. The ANA, on the other hand,
could impact the embryo development as the development of murine embryos is blocked
while incubating with ANA [42].A recent systematic review shows that the presence of ANA

could be correlated to poorer IVF outcomes [43].

Laminins are an important and biologically active part of the basal lamina, influencing cell
differentiation, migration, adhesion as well as phenotype and cell survival. In addition,
laminins enhance trophoblast adhesion in the peri-implantation period, and anti-laminin-1
autoantibodies have been evaluated in endometriosis women. Both levels and prevalence of
these autoantibodies were increased in endometriosis-associated infertility, even if their
presence was not predictive of IVF failure [44, 45]. Anti-ovary, anti-theca, anti-granulosa
cells and anti-endometrium autoantibodies have been also more prevalent in infertile women
with endometriosis although their pathogenic and clinical value are uncertain [46]. Those
autoantibodies may target ooplasm, zona pellucida and granulosa cells and alter the ovarian
reserve and the IVF outcomes [40] [47]. Among 23 women with endometriosis-associated
infertility, aPL, ANA antibodies were significantly more frequent than in infertile controls,
except for lupus anticoagulant (LAC) and anti-thyroid antibodies [48]. Among 35 IVF cycles
with at least one autoantibodies, 8 (23%) women became pregnant, versus 16 (46%) in
autoantibodies-negative ones (p=0.04) [49]. Anti-GM-CSF antibodies levels were evaluated
in 106 sera of endometriosis women and were significantly increased in patients with
endometriosis compared to controls and were associated with the severity of the disease [50].
Despite the increased prevalence of these various autoantibodies, the predictive value of these

autoantibodies on the issue of IVF remain to be determined.
Immunomodulatory therapies
Steroids

In a murine embryo assay, the addition of dexamethasone to murine embryo culture with
endometriotic peritoneal fluid improved the rates of blastocyst development [51]. Few studies
evaluated the benefit of steroids for endometriosis-associated infertility. Twenty-one patients
with endometriosis received steroids before IVF, at 10mg/day from the 3td day of the cycle

until the day of oocyte retrieval and the dosage was increased to 60 mg/day from the evening



of oocyte retrieval and for 4 days [52]. The rates of clinical pregnancies after IVF were
compared to 44 controls with IVF without steroids. The clinical pregnancies rates were at
42.6% in the steroid treated group vs. 22.8% in the absence of steroid therapy (p<0.05),
without differences in the miscarriage rates. In women with positives autoantibodies the
clinical pregnancy rates were higher in steroid treated group as compared to non-treated group
(40.9% vs 14.8%; p<0.05). In 84 infertile women with endometriosis, steroids were added
during the entire IVF cycle or 5 days before embryo transfer and various autoantibodies were
tested before IVF cycle [49]. In 35 autoantibodies-positives patients, steroid use during [IVF
cycle was associated with clinical pregnancy in 8/10 cases versus 0/25 in those without
steroid treatment (80% vs 0% p < 0.05). In 35 autoantibody-negative patients, pregnancy was
obtained in 7/15 cases with steroid treatment during IVF versus 9/20 in the group without
steroid treatment (46.7% vs 45%, p=NS) [49]. No randomized trial is available to confirm the

potential benefit of steroid treatment in these women.
T'NF-o antagonists

Several studies showed an abnormal inflammation status in women with endometriosis and
demonstrated increased levels of various pro-inflammatory cytokines, such as TNF-a, IL-6,
TGF-f and IL-1p, in sera and peritoneal fluids as has previously been mentioned [16]. TNF-a
is usually expressed by human oocytes, corpus luteum and it is present in the follicular fluid
[16]. In a baboon model of endometriosis, the neutralization of TNF-a activity with
recombinant TNFRSF1A (the soluble form of TNF receptor type 1) significantly decreased
the endometriotic lesions without causing the hypoestrogenic effects [12] [53] [54] [55].
Monoclonal anti-TNF-a in endometriosis baboons also reduced significantly the induced
peritoneal endometriosis [56]. In a model of murine embryos cultured with different
concentrations of TNF-q, the blastocyst development ratio was significantly decreased in the
presence of TNF-a. The increased apoptosis and embryotoxicity of TNF-a was abrogated by
the addition of adalimumab, a human monoclonal anti-TNF-a antibody [57]. In a randomized
placebo-controlled blinded study using rat endometriosis model, female rats were randomized
to receive either etanercept 0.4 mg/kg etanercept sc once weekly during 4 weeks or placebo
[58]. The volume and extension of endometrial implants were significantly reduced in female
rats under etanercept in comparison to untreated controls, but the effect on the clinical

pregnancy was not analyzed in this study.



A randomized trial analyzed the efficacy of infliximab versus placebo in 21 patients with
endometriosis and chronic pelvic pain prior to surgery [59]. The decrease of pain severity was
noted in 30% of infliximab treated women and was similar to those under placebo. The
volume of endometriotic nodules, the lesions extension evaluated during the surgery and the
extent of endometriosis were not significantly changed after infliximab use in comparison to

placebo. The impact on the infertility was not analyzed in this trial.

So far no well-designed studies evaluated the clinical value of TNF-o antagonists in women
with endometriosis-associated infertility. In a woman with severe endometriosis under
etanercept for rheumatoid arthritis, no spontaneous pregnancy occurred, and she became
pregnant several months later after IVF preceded by laparoscopic surgery [60]. The analysis
of NK cell activity in a woman with extensive endometriosis and fifteen failed IVF and
oocyte donation cycles showed increased NK cell activity before subsequent IVF. She
received four doses of etanercept twice a week 6 month, which resulted in a successful birth
[61]. Nineteen women with endometrioma received etanercept 50 mg on the second day of
the menstrual cycle preceding IVF cycle. The clinical pregnancy rate was higher in patients
who received etanercept as compared to non-treated women, with odd ratio 4.17 [95% CI

1.23-14.14) [62].

Data about the safety of TNF-a antagonists during the pregnancy are extensively reported, in
particular in women with Crohn’s disease and rheumatoid arthritis [11]. The main concern is
the increased risk of infectious adverse events. In the only trial of infliximab in 21 women
with endometriosis, an acute tonsillitis and a mild infusion reaction were noted [59]. From the
actually available data, we can conclude that TNF-a blockers can be safely used during the

implantation period and pregnancy [63]
Intralipids

Increased NK cells rates and cytotoxicity have been demonstrated in endometriosis-associated
infertility, and in vifro and clinical studies raise the potential interest to use intravenous
intralipid infusion to modulate the NK cells cytotoxicity in infertility [64, 65] [15]. The data
about the use of intralipids in endometriosis-associated infertility report 3 women with
increased uterine NK (uNK) which received intralipid infusion on the day of the embryo

transfer in frozen embryo transfer cycles, 2nd infusion after the positive pregnancy test and



following infusions every 2 weeks until 12th week of pregnancy which resulted in live birth
in 2 cases [66]. However, uNK cells are necessary to achieve a normal implantation and
further correct placentation. Like this, only cases with high uNK cells in endometrial fluid
could be suitable for a treatments directed to reduce them. Thus, the role played for intralipids

appears to be anecdotic.
Antimalarials: Hydroxychloroquine

Antimalarials particularly hydroxychloroquine (HCQ) exerts pleiotropic effects other than
anti-infectious. Antimalarials have many anti-inflammatory, immune-regulatory and anti-
aggregant properties. Thus, they inhibit phospholipase activity, stabilize lysosomal
membranes, block the production of several pro-inflammatory cytokines, impair complement-
dependent antigen-antibody reactions and attenuate antigen processing, and inhibit cell-
mediated cytotoxicity [67]. Besides, HCQ reduce the proliferative response of T-lymphocytes
and NK cell activity [68]. In addition, inhibition of autophagy prevents immune activation of
different cell types, which inhibits cytokine production and modulates CD154 expression on
the surface of T cells. HCQ also inhibits macrophage TNF mRNA transcription and
endotoxin-induced secretion of TNF-a, IL-1, and IL-6 [69]. Studies of HCQ have yielded
conflicting results in terms of the ability to inhibit TNF-a, but HCQ blocks IL-1, IL-6, and
IFN-y production by monocytes [70, 71]. Furthermore, HCQ include anti-inflammatory
properties through the blocking effect on the arachidonic acid cascade (phospholipases Az and

C), which contribute to the down-regulation of pro-inflammatory prostaglandins.

Accordingly, the therapeutic effects of HCQ were assessed in an established mouse model of
endometriosis [72]. HCQ significantly altered the endometriotic cells survival, by interfering
with the inflammatory response, altering the organization of ectopic growth and modulating
the expression of autophagic markers. Nevertheless, clinical data about the potential benefit of

hydroxychloroquine are lacking.

Other TNF-o. inhibitor: Pentoxifylline

Pentoxifylline is a phosphodiesterase inhibitor commonly used in the treatment of peripheral
vascular disease. A wide range of immunomodulatory properties has been described,
including of down-regulating TNF-alpha synthesis [73]. Furthermore, animal models showed

a reduction in fetal resorption, thereby diminishing TNF-alpha and increasing IL-10 and IL-4


https://www.sciencedirect.com/topics/medicine-and-dentistry/messenger-rna
https://www.sciencedirect.com/topics/medicine-and-dentistry/interleukin-6
https://www.sciencedirect.com/topics/medicine-and-dentistry/arachidonic-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/prostaglandin

placentally produced levels [74] [75]. Pentoxifylline has been used in cases of endometriosis-
related infertility [76] [77] [78]. It had been used years ago in the treatment of certain forms
of thrombotic APS [79]. Given its capability to modify the Th1/Th2 cytokine balance together
with its lack of adverse effects, pentoxifylline could be another useful drug to use in
endometriosis. In nude mouse model with implanted human endometrial tissue from
endometriosic women, the use of oral pentoxifylline reduced the number and the volume of
endometriosis-like Lesions [80]. Recent Cochrane review included four trials involving 334
participants and pentoxifylline had no significant effect on reduction in pain. There was no
evidence of an increase in clinical pregnancy events in the pentoxifylline group compared

with placebo [81].

Other immunomodulatory drugs

Other immunomodulatory therapies have been used in unexplained recurrent implantation
failure and unexplained recurrent miscarriages presumed to be in relation with the breaking of
immune tolerance [11]. However, no data are currently available about G-CSF, intravenous
immunoglobulins, classic immunosuppressive drugs or IL-2 low dose for the management of
endometriosis-associated infertility. Other strategies, such as various stem cell therapies, are
not actually evaluated in the women with infertility [82]. The increasing evidence of link
between microbiota and uterine immunity could also discuss this possible immunomodulation

strategy in the future [83].
Conclusion

Endometriosis is associated to a highly inflammatory, pro-angiogenic and hormone-rich
microenvironment which may impair fertility by influencing oocyte and embryo quality,
transport of gametes in the reproductive tract and embryo implantation by modifications in
the eutopic endometrium. Even if the exact mechanisms of those changes remain unclear, the
strategies of immunomodulation to regulate immune alterations involved in endometriosis-
associated infertility have been proposed. The function of those therapies is still poorly

studied and well-designed studies are necessary.
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