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Abstract Endometriosis, a highly prevalent gynecological
disease, is often associated with infertility, even in its milder
forms (minimal and mild endometriosis). However, no con-
sensus has been established with regard to this relationship
and the possible mechanisms involved have not been
completely elucidated. The oocyte is believed to have an im-
portant role in the infertility presented by these patients.
Hence, oxidative stress events associated with alterations in
the peritoneal, serum and/or follicular microenvironments
might result in poor oocyte quality and compromise the repro-
ductive potential of these women. Here, we review possible
mechanisms involved in oocyte quality impairment that might
lead to infertility in patients with early endometriosis.

Keywords Early endometriosis - Infertility - Oocyte quality -
Oxidative stress - Follicular microenvironment

Endometriosis and infertility

Endometriosis, a gynecological disease characterized by im-
plantation and growth of endometrial tissue (glands and stro-
ma) outside the uterine cavity (Gupta et al. 2006), is a highly
prevalent disease present in 1015 % of women of reproduc-
tive age (Augoulea et al. 2012; Singh et al. 2014). It can be

< Michele Gomes Da Broi
michi.dabroi@gmail.com

Human Reproduction Division, Department of Obstetrics and
Gynecology, Ribeirdo Preto School of Medicine, University of Sdo
Paulo, 3900, Avenida Bandeirantes, Ribeirdo Preto, SP 14049-900,
Brazil

asymptomatic or accompanied by symptoms such as chronic
pelvic pain, dysmenorrhea and dyspareunia and is also fre-
quently associated with infertility (Bellelis et al. 2010;
Signorile and Baldi 2010; Singh et al. 2014). In this last-
mentioned context, an estimated 30-50 % of women with
the disease are infertile and 25-50 % of infertile women are
diagnosed with endometriosis (Practice Committee of the
ASRM 2012).

The association between endometriosis and infertility is
well established in the literature (Garrido et al. 2000;
Giudice and Kao 2004; Gupta et al. 2008). The monthly fe-
cundity rate in normal couples of reproductive age is knwon to
be 15-20 %, whereas the rate in infertile women with endo-
metriosis ranges from 2 to 10 % (Hughes et al. 1993).
However, the association between infertility and early-stage
disease (minimal endometriosis [stage 1] and mild endometri-
osis [stage II]), in which no substantial pelvic anatomical
changes are identified, remains controversial (Akande et al.
2004; Bergqvist and D’Hooghe 2002). The most relevant
studies investigating cumulative rates of natural pregnancy
in women with early endometriosis, subjected or not to surgi-
cal treatment (adhesiolysis and cauterization of endometriosis
foci) during laparoscopy performed by experienced surgeons,
highlight the deleterious impact of the disease on female fer-
tility (Marcoux et al. 1997; Parazzini 1999). In these studies,
only women with infertility exclusively associated with early
endometriosis, as diagnosed by laparoscopy, were eligible;
cases involving ovulatory disorders, tubal obstruction, or
changes in semen quality were excluded. The most intriguing
finding of these studies is that, even when the surgical treat-
ment improves the natural fertility (Marcoux et al. 1997), the
cumulative rate of pregnancy in women with early endome-
triosis remains substantially lower (expectant management:
22.5 % (Marcoux et al. 1997) and 19.6 % (Parazzini 1999)
or surgical treatment: 37.5 % (Marcoux et al. 1997) and
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22.2 % (Parazzini 1999)) than that in fertile women (~80 %;
Gnoth et al. 2003).

Although the results of the aforementioned studies can be
considered to reinforce the proposal regarding the deleterious
impact of early endometriosis on natural fertility, the questions
remain as to whether infertility in these patients is truly asso-
ciated with the presence of early endometriosis or whether it
might be related to other, as yet unidentified, infertility factors
(unexplained infertility, also termed UI). Akande et al. (2004)
compared cumulative pregnancy rates and live births in
75 patients diagnosed with endometriosis I/II (EI/I) and 117
patients with Ul during the 3 years following the completion
of diagnostic laparoscopy and found that the probability of
pregnancy over this period is significantly lower in the group
with early endometriosis (35.5 %) than in patients with Ul
(54.6 %), suggesting that infertility in early-stage endometri-
osis and UT are two distinct entities, with early endometriosis
possibly being a female infertility factor.

Role of oocyte quality

The mechanisms that might be involved in the
etiopathogenesis of endometriosis-related infertility, especial-
ly in stages I and II, are little understood, despite being the
subject of numerous recent studies. In this context, some au-
thors have suggested that infertility in women with the disease
might be attributable to compromised oocyte quality, thus
reflecting embryo and/or endometrial defects or interactions
between the endometrium and the embryo (Brizek et al. 1995;
Kumbak et al. 2008; Pellicer et al. 1995). Studies on oocyte
donation cycles have reinforced the role of oocyte quality in
infertile patients with the disease (Garcia-Velasco and Arici
1999; Garrido et al. 2000). In a retrospective study, Simon
et al. (1994) assessed outcomes of ovodonation cycles and
observed similar implantation and pregnancy rates in women
who presented with and without endometriosis and who
received oocytes from donors without the disease. However,
implantation rates were significantly lower in women without
endometriosis who received oocytes from women with
endometriosis. These findings suggest that oocyte changes
in patients with the disease lead to poorer quality embryos
with a lower likelihood of implantation. Likewise, Sung
et al. (1997) retrospectively reviewed data for oocyte recipi-
ents who presented with and without endometriosis and who
received oocytes donated by women without the disease and
observed no differences in implantation (28 % vs. 29 %) or
pregnancy (12 % vs. 13 %) rates between recipients with and
without endometriosis; this also suggests a role of impaired
oocytes and, consequently, embryonic quality in the disease-
related infertility. However, these studies, in addition to being
retrospective, evaluated small case series, limiting their gen-
eralizability and reinforcing the need for further studies
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investigating potential underlying pathological mechanisms.
An understanding of these mechanisms is fundamental for the
development of new therapeutic approaches for improving the
natural fertility of women with endometriosis-related infertil-
ity. Our group has invested considerable research efforts in
this topic with the use of both human oocytes and an experi-
mental bovine model.

The acquisition of oocyte competence is known to depend
on adequate cytoplasmic and nuclear maturation, the latter
being dependent on the presence of a normal spindle
(Albertini 1992; Ferreira et al. 2009). The meiotic spindle of
human oocytes in metaphase II, a temporary and dynamic
structure composed of microtubules, is associated with the
oocyte cortex and its subcortical microfilaments network
(Kim et al. 1998; Mandelbaum et al. 2004; Wang and Keefe
2002) and is essential to ensure the fidelity of chromosome
segregation during meiosis (De Santis et al. 2005; Van
Blerkom and Davis 2001; Volarcik et al. 1998). The meiotic
spindle, however, is extremely sensitive to the action of vari-
ous factors (Eichenlaub-Ritter et al. 2002; Hu et al. 2001;
Mullen et al. 2004), such as oxidative stress, which can pro-
mote meiotic abnormalities and chromosome instability, in-
crease apoptosis and impair the development of the pre-
implantation embryo (Liu et al. 2003; Navarro et al. 2004,
2006). Results of an investigation of the cell spindle and chro-
mosome distribution of in-vitro-matured oocytes obtained
from infertile women with endometriosis suggest that meiosis
I is potentially delayed or compromised in these patients,
supporting a relationship between endometriosis and oocyte
meiotic abnormalities (Barcelos et al. 2009).

Ocxidative stress

Given that endometriosis is associated with chronic inflam-
mation and that reactive oxygen species (ROS) are inflamma-
tory mediators known to modulate cell proliferation (Gupta
et al. 2008), some authors have suggested that endometriosis
is associated with oxidative stress (Agarwal et al. 2003;
Carvalho et al. 2012; Gupta et al. 2008; Szczepanska et al.
2003), with an etiopathogenesis that might be related to an
inflammatory response to ectopic endometrial implants
(Murphy et al. 1998). Thus, endometriotic cells might pro-
mote oxidative stress by increasing ROS production, altering
detoxification pathways, and/or decreasing the levels of cata-
lase, such as occurs in tumor cells (Ngo et al. 2009). In the
female reproductive tract, ROS might act physiologically and,
under normal conditions, are involved in functions such as cell
signaling, oocyte maturation, ovarian steroidogenesis
(Agarwal et al. 2005), ovulation (Shkolnik et al. 2011), luteal
function, luteolysis, gametic interaction and embryonic me-
tabolism (Agarwal et al. 2005). The trend toward the increased
production of free radicals in women with endometriosis
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associated with a potential change in antioxidant capacity has
been suggested to contribute to the occurrence of oxidative
stress, which, in turn, might be related to the disease and its
progression (Agarwal et al. 2003; Gupta et al. 2006;
Szczepanska et al. 2003).

In the context of pelvic endometriosis, macrophages are
believed to be activated in the peritoneal cavity, potentially
promoting the increased production of ROS and reactive ni-
trogen species, cytokines, growth factors and prostaglandins.
The resulting oxidative stress causes lipid peroxidation and
further generates products resulting from its degradation or
formed by its interaction with low-density lipoproteins and
other proteins. Decomposition of peroxidized lipid generates
products such as malondialdehyde that might be recognized as
foreign bodies, triggering an antigenic response with the con-
sequent production of antibodies (Halliwell 1994; Murphy
et al. 1998). This process culminates in oxidative damage to
erythrocytes and peritoneal endometrial cells, which, in turn,
stimulates further recruitment and activation of mononuclear
phagocytes, perpetuating the oxidative damage to the pelvic
cavity (Van Langendonckt et al. 2002). Oxidative stress might
also damage mesothelial cells and induce the appearance of
adhesion sites for endometrial cells by promoting the devel-
opment and progression of endometriosis (Alpay et al. 2006).

Peritoneal fluid

A study by Mansour et al. (2009) demonstrated that peri-
toneal fluid (PF) from women with endometriosis promotes
microtubule and chromosome abnormalities in mature mouse
oocytes, in addition to increasing embryonic apoptosis. These
anomalies are reduced by supplementation of the medium with
the antioxidant L-carnitine, suggesting that substances present
in the PF of women with this disease compromise oocyte and
embryo quality, with oxidative stress being a likely mediator.
However, these authors included, among their PF donors, both
women with pelvic pain and infertile women with endometri-
osis and did not assess the impact of the disease stage or the role
of PF during ovarian folliculogenesis. In this regard, our pre-
liminary data evaluating the role of PF from infertile women
with minimal or mild pelvic endometriosis show a lower
expression of CAT and GSH genes, encoding important antiox-
idant enzymes, in bovine oocytes that were in-vitro-matured in
the presence of PF from infertile women with EI/Il compared
with PF from fertile women (Navarro et al. 2013). These find-
ings suggest that substances present in the PF of women with
early endometriosis compromise ovarian folliculogenesis, pro-
moting oocyte oxidative damage. Our group also evaluated
the effect of PF from fertile women and infertile women with
EVII on nuclear maturation and meiotic anomalies of in-vitro-
matured bovine oocytes, providing evidence that PF from in-
fertile women with EI/II exerts a deleterious effect on cell

spindle and chromosome distribution. These results suggest
that alterations in the peritoneal microenvironment of infertile
women with early endometriosis undermines maturation and
oocyte quality (Jianini et al. 2014).

Follicular fluid and serum

Whereas the follicular microenvironment plays a critical role in
oocyte maturation, changes in the composition of the follicular
fluid (FF) might influence oocyte quality, affecting fertilization,
early embryonic development and subsequent pregnancy (Ma
et al. 2010). FF is a metabolically active microenvironment
containing steroid hormones, growth factors, cytokines, ROS
and antioxidants, among other factors, produced by granulosa
cells, endothelial cells and leukocytes (Attaran et al. 2000;
Pasqualotto et al. 2004). Although ROS are important for some
female reproductive tract functions, including their essential
role in the ovulatory response (Shkolnik et al. 2011), when in
excess (and possibly accompanied by an inadequate antioxi-
dant response) they might have a negative impact, especially on
estradiol (E2) levels, which are an important predictor of the
ovarian response (Appasamy et al. 2008), damaging steroido-
genesis and consequently oocyte maturation and ovulation
(Agarwal et al. 2003; Al-Fadhli et al. 2006).

Differences in the FF composition between women with
and without endometriosis have been reported (Campos
Petean et al. 2008; Garrido et al. 2000; Gupta et al. 2008;
Jackson et al. 2005), suggesting that FF affects the acquisition
of oocyte competence in women with endometriosis. Our
group investigated whether oxidative stress in the follicular
microenvironment is involved in female infertility. In these
studies, we compared five oxidative stress markers in FF
from infertile women undergoing controlled ovarian stimula-
tion for intracytoplasmic sperm injection (ICSI). Results
showed higher total antioxidant capacity (TAC) levels in FF
from women who failed to become pregnant, suggesting that
oxidative stress in this microenvironment is associated with
worse ICSI outcomes (Da Broi et al. 2013).

In another study, we compared the levels of eight
oxidative stress markers in FF and the serum of infertile wom-
en with and without endometriosis undergoing controlled
ovarian stimulation for ICSI. Results showed higher serum
concentrations of the antioxidants glutathione and superoxide
dismutase, lower serum TAC concentrations, higher concen-
trations of follicular 8-hydroxy-2'-deoxyguanosine (8OHdG;
an indicator of oxidative DNA damage) and higher follicular
vitamin E levels in infertile women with endometriosis com-
pared with those without the disease. These findings suggest
that the presence of systemic and follicular oxidative stress in
this group of patients is related to the impairment of oocyte
quality, revealing a possible mechanism in disease-related in-
fertility (Da Broi et al. 2014a). A comparison of the same eight
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markers in serum and FF from infertile women with endome-
triosis I/II and those without the disease revealed higher
serum concentrations of total hydroperoxides (measured by
FOX-1 assays and an indicator of ROS production), lower
serum TAC concentrations and higher follicular §OHdG con-
centrations in the endometriosis group, demonstrating that
systemic and follicular oxidative stress is also present in wom-
en with minimal and mild endometriosis and might be in-
volved in the infertility exhibited by patients with early dis-
ease (Da Broi et al. 2014c).

Our group also evaluated the effect of FF from infertile wom-
en with mild endometriosis on nuclear maturation and meiotic
oocyte anomalies during in vitro maturation of bovine oocytes
and reported that FF from infertile women with mild disease
possibly compromised nuclear maturation and the meiotic spin-
dles of these oocytes (Da Broi et al. 2014b). These findings led
us to hypothesize that oxidative stress in the follicular microen-
vironment affects nuclear maturation and promotes meiotic oo-
cyte abnormalities in infertile women with endometriosis. To test
this, we conducted a follow-up study in which we assessed the

Fig. 1 Oxidative stress and
oocyte quality: possible
ethiopathogenic mechanism
involved in minimal/mild
endometriosis-related infertility
(ROS reactive oxygen species, PF
peritoneal fluid, FF follicular
fluid, CC cumulus cells)

role of FF from infertile women with mild endometriosis in the
genesis of meiotic anomalies and evaluated the potential protec-
tive effect of adding antioxidants (L-carnitine and N-
acetylcysteine) to the culture medium in in-vitro-matured bovine
oocytes. We found a detrimental effect of FF from infertile wom-
en with mild disease on spindle and chromosomal distribution
but this effect was diminished or completely prevented by the
addition of antioxidants, especially L-carnitine (Giorgi et al.
2015). These findings suggest that oxidative stress is involved
in worsening oocyte quality in women with mild endometriosis
and open new perspectives onto the pathogenic mechanisms of
infertility related to early disease.

Cumulus cells

One way indirectly to assess oocyte quality is to analyze
markers in cumulus cells (CCs). During follicular develop-
ment, the granulosa cells differ in the mural population, lim-
iting the follicular antrum and in the CC population, which
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surrounds the oocyte. Mural cells are responsible for estrogen
production and rupture of the follicle, whereas CCs are inti-
mately associated with oocyte development. CCs are regulat-
ed, in part, by factors derived from the oocyte, while contrib-
uting to oocyte maturation and development potential (Eppig
et al. 2002; Tanghe et al. 2002). In this context, some studies
have suggested that the analysis of gene expression in CCs
can be used as an indirect predictor of oocyte quality and
outcomes of assisted reproduction technologies, with possible
clinical applications (Hamel et al. 2008; Haouzi and
Hamamah 2009; Tesfaye et al. 2009).

Studies have been performed to compare the expression of
genes related to folliculogenesis, acquisition of oocyte
competence and oxidative stress in CCs of infertile women
with and without endometriosis. Because aromatase plays an
essential role in follicular steroidogenesis and successful
pregnancy, Barcelos et al. (2015) compared the expres-
sion of the aromatase-encoding gene, CYP1941, in CCs of
infertile women with and without endometriosis undergoing
controlled ovarian stimulation for ICSI and found that the
expression of CYPI9A41 is lower in CCs of infertile women
with endometriosis compared with CCs of controls. The eval-
uation of this gene in CCs of early endometriosis patients
undergoing controlled ovarian stimulation for ICSI also
showed the lower expression of CYP19A41 in the endometriosis
group (Ferriani et al. 2013). These studies suggest that reduced
expression of the CYPI1941 gene in CCs is involved in
impaired follicular steroidogenesis and the worsening of
oocyte quality in infertile women with endometriosis, even
in early-stage disease.

Because the induction of CYP19A41 is possibly mediated by
increased cyclooxygenase-2 (COX-2), Donabela et al. (2011)
evaluated the expression of the PTGS2 gene encoding
COX-2 in the CCs of endometriosis and control groups and
revealed lower PTGS?2 expression in patients with endometri-
osis. This finding might be related to the reduced expression
of'aromatase in the CCs of these women, a suggestion that will
require confirmation by future studies.

Concluding remarks

No consensus has been reached regarding the association be-
tween early-stage pelvic endometriosis and infertility.
Whether the initial stages of the disease really affect natural
fertility or are only incidental findings in some patients with
Ul is also unclear. However, the studies presented here rein-
force the crucial role of minimal and mild endometriosis in
female infertility and show that the disease significantly af-
fects the cumulative pregnancy rates of these women, even for
those undergoing surgery. Despite the fact that surgical treat-
ment (adhesiolysis and cauterization of endometriosis foci)
significantly improves pregnancy rates, it does not completely

restore these women'’s reproductive potential, which remains
substantially lower than that of fertile women and women with
UI. Many pathological mechanisms are potentially involved
in the infertility associated with early disease. Studies investi-
gating oocytes, CCs, serum, PF and FF in early-stage disease
in humans and in animal models have suggested that impaired
oocyte quality is an important factor underling the infertility of
these women. Because endometriosis is associated with
chronic inflammation and ROS generation, the trend toward
the increased production of ROS in women with endometri-
osis, associated with a potential change in antioxidant capac-
ity, might contribute to the occurrence of oxidative stress. The
oxidative stress in the peritoneal microenvironment might be
reflected in the systemic compartment and possibly affects the
follicular microenvironment, compromising oocyte quality
and, consequently, the reproductive potential of these patients
(Fig. 1).

These data open new perspectives for an understanding of
the pathogenic mechanisms involved in early disease-related
infertility and for the design of future studies to investigate
novel therapeutic approaches for improving the natural fertil-
ity of these women. As such, they could have major implica-
tions for clinical practice, since access to in vitro fertilization
technology is limited, even in developed countries.
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