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Abstract

Objectives: The purpose of this review is to provide an overview of existing studies on the specificities of gene expression in the
endometrium in PCOS and possible molecular mechanisms linking those specificities with reproductive and obstetric consequences
of PCOS. Mechanism: Polycystic ovary syndrome (PCOS) is a complex disorder combining features of reproductive, metabolic, and
psychological disturbances. The effect of metabolic, inflammatory, and endocrine abnormalities on ovulatory function and oocyte quality
has been seen as the main reproductive issue in PCOS women. However, even after the restoration of ovulation, this group exhibits lower
than expected reproductive outcomes. Functionally relevant sequence alterations in genes involved in regulating endometrial receptivity
could also be relevant in PCOS as a property independent of extra-endometrial influences. Findings: Hyperandrogenism, ovulatory
dysfunction, and insulin resistance are associated with the alterations in endometrial gene expressions leading to suboptimal endometrial
receptivity in PCOS. Endometrial steroid receptor malfunction seems to be a contibuting factor to the intrinsic suboptimal endometrial
receptivity in PCOS. Conclusion: epigenetic or epigenomics mechanisms altering gene expressions on the endometrial level in PCOS
should not be ruled out. Future studies should focus on investigating specificities of each PCOS phenotype and developing individual
treatment strategies to meet the specific needs of every PCOS patient.
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1. Introduction

Polycystic ovary syndrome (PCOS) is a complex dis-
order combining features of reproductive, metabolic, and
psychological disturbances. It is considered to be one of the
most common conditions affecting 8–13% of reproductive-
age women [1]. Patients with PCOS cope with a spec-
trum of diverse symptoms and signs comprising irregu-
lar menstrual cycles, hirsutism, infertility and pregnancy
complications (early pregnancy loss, gestational hyperten-
sion, and preeclampsia/eclampsia) insulin resistance (IR),
metabolic syndrome, prediabetes, type 2 diabetes (DM2)
anxiety and depression compelling them to seek medical
attention throughout their lifetime [2]. Studies focused on
finding the link between genes and hormonal disturbances
associated with predisposition for PCOS have identified
over 200 candidate genes among which the majority is in-
volved in encoding the androgen, LH, FSH, and leptin re-
ceptors [3]. In genetically predisposed individuals, envi-
ronmental factors such as diet and unhealthy lifestyle are
considered to be responsible for triggering the cascade of
events leading to the development of PCOS-associated clin-
ical and biochemical features [2].

It is well established that infertility, early pregnancy
loss, gestational hypertension, and preeclampsia-eclampsia
are more prevalent in women with PCOS [4–6]. Although
anovulation is believed to be the main reason for repro-
ductive and obstetric issues accompanying PCOS, even af-

ter the anovulation was surpassed, pregnancy outcomes in
these patients remained to be far from satisfactory [7–9]

Endometrial receptivity is a state of an endometrium
defined by its readiness for embryo implantation [10]. It is
acquired through the series of events governed by the action
of ovary-derived steroid hormones on their endometrial re-
ceptors converting the endometrium from a tissue unique
in its ability to reject the embryo implantation to a tissue
that enhances implantation [11,12]. The final stages are at-
tained under the dominant control of progesterone capable
of shifting an estrogen-primed, proliferative endometrium
into secretory and of controlling the cascade of growth fac-
tors and cytokines essential for proper communication on
the maternal–embryonic interface [13,14]. However, the
period in which endometrium provides an opportunity for
an embryo to attach and implant, known as the window of
implantation is time-limited and characterized by specific
gene expression, morphologic and ultrastructural changes
[15–17].

Endometrial receptivity failure can be defined as a
state of suboptimal endometrial preparedness for implan-
tation leading to a complete or partial rejection of the im-
plantable embryo. Complete receptivity failure presents as
infertility and/or (recurrent) early pregnancy loss. On the
other end, even a modest receptivity failure can lead to par-
tially abnormal embryo implantation could result in differ-
ent obstetric complications such as gestational hypertension
and preeclampsia-eclampsia [10].
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In PCOS women, dysregulated expression of gene
clusters due to aberrant ovarian hormonal and metabolic
settings could lead to decreased endometrial receptivity.
The purpose of this review is to provide an overview of ex-
isting studies on the specificities of gene expression in the
endometrium in PCOS and possible molecular mechanisms
linking those specificities with reproductive and obstetric
consequences of PCOS.

1.1 Endometrial receptivity

Endometrial receptivity is a state of preparedness of
endometrium for embryo implantation. It is a time-limited
endometrial property induced by ovarian steroid hormones
primarily by the action of progesterone after estrogen prim-
ing through the regulation of transcription of hundreds of
genes [13,14,18–21]. Estrogen priming implies the pro-
motion of mitotic activity of endometrial cells via estrogen
receptors especially estrogen receptor alpha (ERα) whose
expression peaks in the late proliferative phase. The major
form and the most potent natural estrogen 17beta-estradiol
also induces progesterone receptor (PR) expression. Acting
through its receptors postovulatory progesterone induces
secretory changes and gradually muffles the endometrial
response to ovarian steroid hormones including androgens
that also have a significant impact on endometrial stromal
cell proliferation, migration, and survival [22–24]. As a re-
sult, at the time of implantation in normally cyclic women,
ER, PR and AR are selectively down-regulated in the ep-
ithelial compartment of the endometrium [23,25–27].

This dynamic and precisely controlled expression of
endometrial steroid receptors is of utmost importance for
the proper decidualization and optimal endometrial recep-
tivity. It ensures epitheloid transformation of endometrial
stromal cells into decidual cells during which they acquire
intercellular junctions and become secretory active. In
addition, epithelial cells go through changes in both, the
plasma membrane and the cytoskeleton, resulting in the
transformation of microvilli at the implantation site which
is accompanied by simultaneous changes in cell adhesion
receptors and ligands [14,18,28–30].

Such changes in endometrial gene expression bring up
the cascade of growth factors and cytokines working as the
prime paracrine mediators of the dialogue at the maternal–
embryonic interface [14]. Among numerous factors impli-
cated to have a role in implantation, the interplay of PR,
ER, leukemia inhibitory factor (LIF), insulin-like growth
factor binding protein 1 (IGF-BP1), transforming growth
factor beta (TGFβ ), tumor necrosis factor alfa (TNFα),
interleukin 15 (IL-15) and leptin as well as cell adhesion
molecules such as integrins and mucins, seem to be crucial
in allowing anchorage and migration of cytotrophoblastic
cells [31,32]. Thus, a receptive endometrium, together with
the implantable embryo, represents a key requirement for
synchronized dialog between maternal and embryonic tis-
sues resulting in successful implantation [18,21,33,34].

1.2 Endometrial receptivity in PCOS

According to the ESHRE/ASRM 2003 definition,
PCOS diagnosis in adults requires the presence of at least
two of the following criteria – oligo/anovulation (OA), hy-
perandrogenism (HA) and polycystic ovarian morphology
(PCOM), and the exclusion of other endocrinologic disor-
ders presenting with similar clinical manifestations [35].
Although insulin resistance and overweight/obesity are not
included in the criteria for PCOS diagnosis, their preva-
lence is found to be as high as 75% and 54%, respec-
tively [36]. The effect of metabolic, inflammatory, and
endocrine abnormalities on ovulatory function and oocyte
quality has been seen as the main reproductive issue in
PCOS women. However, even after the restoration of ovu-
lation, this group exhibits lower than expected reproduc-
tive outcomes, with a higher-than-expected rate of spon-
taneous miscarriage [24]. As endometrial receptivity is a
hormonally dependent event, it is plausible that endocrino-
logic and metabolic disarrangements of PCOS could alter
the endometrial gene expression and corrupt the process on
the smaller or the bigger scale. Furthermore, functionally
relevant sequence alterations in genes involved in regulat-
ing endometrial receptivity could also be relevant in PCOS
as a property independent of extra-endometrial influences.

The endometrial receptivity array (ERA) test attempts
to evaluate the gene expression profile to identify the spe-
cific transcriptomic signature of the implantation window.
It was used clinically and claimed that it could be helpful
in patients with repeated implantation failure. In PCOS
patients, by using similar methods, screening on 21,571
genes showed down-regulation of several endometrial-
receptivity-related genes like transmembrane 4 superfam-
ily member 4 (TM4SF4) and matrix metalloproteinase 26
(MMP26) [37]. However, the clinical value and applicabil-
ity of these findings are still a matter of debate [38].

1.3 Overexpression of estrogen receptors and progesterone
resistance

Anovulation in PCOS is characterized by overexpres-
sion of ERα and AR in endometrial cells. It has been
shown that the molecular basis of this phenomenon is the
absence of cyclic P4- induced down-regulation of these re-
ceptors resulting in a relatively low but constant and pro-
longed promotion of estrogen-dependent gene expression in
endometrial cells [39]. Analysis of the p160 steroid recep-
tor coactivator (SRC) family has revealed that in hyperan-
drogenic oligo/anovulatory PCOS patients throughout the
menstrual cycle two coactivators of ERα were upregulated
in endometrial epithelial and stromal cells resulting in ERα
oversensitivity to estrogen action [40].

In oligo-anovulatory patients with PCOS, PR expres-
sion is also up-regulated predominantly in the epithelial
rather than the stromal compartment. PR expression dys-
regulation and maldistribution as a consequence have the
altered expression of numerous implantation-related P4-
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regulated genes negatively impacting the pseudodecidu-
alisation of endometrial stromal cells in these patients
[41]. It was supported by DNA microarray analysis studies
demonstrating down-regulation of endometrial expression
of claudin-4, mitogen-inducible gene 6 (MIG6), leukemia
inhibitory factor (LIF), mucin-1, and many others in PCOS
compared to non-PCOSwomen and animal models [37,42–
44].

The functional imperfection of PR was also offered
as a plausible explanation for the suboptimal endometrial
response to the P4 action in PCOS. The formation of the
functional P4-PR complex is a necessity for the activation
of the genes required for implantation and decidualization
including homeobox transcription factors (e.g., HOXA-10),
growth factors, and cytokines [45,46]. A competent PR
consists of a receptor monomer, a 90-kDa heat shock pro-
tein (Hsp90) dimer, the co-chaperone p23, and one of four
co-chaperones containing a tetratricopeptide repeat (TPR)
domain which include two members of FK506 binding
family FKBP51 and FKBP52. Although they are struc-
turally similar, FKBP51 and FKBP52 exert distinct func-
tional properties. In vitro, FKBP52 amplifies the func-
tion of AR and PR, while FKBP51 works against PR func-
tions [42,47,48]. In FKBP52 gene knock-out murine mod-
els compromised PR functions led to total failure of the
uterus to support blastocyst implantation [48–50]. In squir-
rel monkeys, FKBP51 overexpression is linked to naturally
occurring progestin resistance [47]. Dysregulated expres-
sion of Fkbp52 and Ncoa2 overlaps with the aberrant PGR-
targeted gene expression in PCOS-like rats before and after
implantation [51]. These animal models suggest possible
mechanisms of PR resistance requiring further investiga-
tion in humans.

1.4 Overexpression of androgen receptors

AR, a member of a nuclear receptor superfamily, is
a ligand-dependent transcription factor. In normal cyclic
women, ARs are predominantly distributed in the stro-
mal compartment compared to the glandular compartment
throughout the cycle, having higher concentrations in the
estrogen-dominated, late proliferative stage compared to
the P4-dominated, secretory phase [27,52,53]. Similar to
PR receptors, they are maintained in a state of readiness
for ligand-binding through interactions with several chaper-
ones and co-chaperones [54]. In PCOS women, the overall
AR expression is increased in both epithelial and stromal
compartments. However, in the glandular compartment,
endometrial AR are expressed significantly more during the
proliferative and secretory phase, while in the stromal and
luminal cells, the up-regulation is limited to the secretory
phase only [27]. However, an excessive androgen receptor
expression in endometrial cells was observed even in ovu-
latory women with PCOS, which is attributed to the down-
regulation of the Wilms tumor suppressor (WT1) gene ex-
pression during the window of implantation [55]. In hyper-

androgenic PCOS it also can be attributed to the increased
androgen level [27]. Moreover, potential dysregulation of
FKBP51 could also have an impact on androgen-related en-
dometrial gene expressions due to its known AR promotion
activity [56].

The dysregulations of estrogen, progesterone, and an-
drogen receptors are shown in Table 1.

Table 1. Summary of steroid receptor expression
dysregulations in PCOS.

Receptor Dysregulation

estrogen receptor alfa overexpression
oversensitivity

progesterone receptor
overexpression
maldistribution
dysfunction

androgen receptor overexpression

1.5 Dysregulation of expression of other endometrial
receptivity-related molecules

The expression of other molecules important for en-
dometrial receptivity has also been reported as dysregulated
in PCOS. Dickkhopf homolog 1 (DKK-1) was found to be
overexpressed in PCOS theca cells resulting in increased
inhibition of the Wnt signaling, which is an important path-
way for cell specification and epithelial-mesenchymal in-
teractions. Wnt-7a, a member of the Wnt family, is found
to be crucial in the development of uterine glands in an-
imal models, suggesting that this pathway may also dis-
rupt the endometrial receptivity in PCOS [57]. The expres-
sion levels of angiogenic factors such as vascular endothe-
lial growth factor (VEGF) and fibroblast growth factors
(FGFs) were found to be altered in PCOS. Serum and follic-
ular fluid concentrations of VEGF and bFGF in PCOS pa-
tients were found to be higher compared with controls [58].
VEGF concentrations in the uterine fluid of all pregnancy
groups were significantly higher compared with the no
pregnancy group (p < 0.05) [59]. Concentrations of bFGF
in follicular fluid were considered as an FSH-dependent
growth factor since its levels were inversely correlated with
the percentage of mature oocytes collected [58,60]. Both
are involved in neovascularization but also with estrogen-
independent mitogenic effects.

In the mid-secretory phase of ovulatory cycles in
oligoovulatory hyperandrogenic PCOS, up-regulated en-
dometrial expressions of ERα , AR and PR alter the expres-
sion of endometrial receptivity-related molecules, specifi-
cally, αvβ3-integrin and HOXA-10 [41,61].

αvβ3-integrin is a member of a large integrin family
of cell adhesion molecules. Integrins are the major class of
receptors for the ECM and participate in cell-cell and cell-
substratum interaction [62]. The time of the αvβ3-integrin
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appearance on the surface of the endometrial epithelium co-
incides with the opening of the implantation window and it
seems that the selective down-regulation in PR expression
in the secretory endometrial epithelium is initiation signal
for the expression of this integrin [63,64]. The absence of
αvβ3- integrin and the persistence of the epithelial PR lev-
els were found also in luteal phase deficiency, endometrio-
sis, and unexplained infertility [64].

HOXA-10 is a member of a transcription factor fam-
ily that is especially active during development and has
been shown to be important for uterine function. In the
anovulatory cycle, epithelial HOXA-10 expression is low
during the proliferative phase and increased in the secre-
tory phase, and expression throughout the menstrual cycle
with the increased expression in the pseudodecidual cells
[65]. Estrogen-progesterone-dependent manner of expres-
sion has been demonstrated in the mouse uterus and human
endometrium correlating with the time of implantation in
women [66,67]. Decreased expression of HOXA-10 was
found in endometriosis, hydrosalpinges, and unexplained
infertility correlating with the lower level of αvβ3- inte-
grin [65].

Altogether, these data corroborate in favor of similar
molecular patterns of suboptimal endometrial receptivity in
PCOS and other clinical entities.

1.6 Obesity and insulin resistance-related endometrial
changes

In general, significantly lower live birth rates in lean
RC-PCOS patients were observed when compared to age
and BMI matched controls after single euploid blastocyst
transfer in vitrified-warmed cycles indicating obesity in-
dependent PCOS-related impairment of implantation in
these patients [68]. PCOS is often associated with in-
sulin resistance, whether it is obesity-related and/or obesity-
independent, both having the same consequence - compen-
satory hyperinsulinemia. The binding of insulin to target
receptors results in activation of the PI3K/Akt signaling
pathway which plays a key role in multiple cellular pro-
cesses such as glucose metabolism, apoptosis, cell prolif-
eration, transcription, and cell migration. In addition, it
induces translocation of insulin-dependent glucose trans-
porters (e.g., SLCA2A4) to the cell surface of endometrial
epithelial cells which is the crucial step for cellular glucose
uptake and one of the key points for nutritional support of
early embryo implantation [69].

In the endometrial biopsy samples taken during im-
plantation window from obese women with PCOS diag-
nosed by Rotterdam criteria (RC-PCOS), the overexpres-
sion and abnormal epithelial expression ERα , AR, and
steroid receptor coactivators, as well as down-regulation
of alpha(v)beta3 (αvβ3)-integrin, HOXA-10, and IGFBP-
1, were observed [27,35,70,71]. Furthermore, in obese
insulin-resistant patients with PCOS, SLCA2A4 mRNA
is significantly downregulated and negatively correlated

with homeostasis model assessment insulin resistance in-
dex (HOMA-IR), leading to the impairment of glucose up-
take in endometrial tissue and endometrial differentiation
[72–74].

When compared to BMI-matched non-PCOS controls,
PCOS patients exhibit decreased levels of adiponectin. This
is linked to a potentially detrimental effect on endometrial
receptivity, as adiponectin molecule is also found to be en-
gaged in proper endometrial decidualization and embryo
implantation [31,71]. In accordance with these findings,
insulin-resistant PCOS patients had significantly lower im-
plantation, clinical pregnancy, and ongoing pregnancy rates
after IVM-IVF cycles although embryo development was
not found to be affected when age, BMI, and lipid profiles
were controlled. These findings suggest a significant role
of functional changes in the endometrium in preventing a
successful pregnancy outcome in women with PCOS [75].

Key gene expression specificities of PCOS are shown
in Table 2.

Table 2. Key gene expression specificities in PCOS.
type phenotypes cell types

ERα overexpression all E+S
AR overexpression OA E+S
p160 SRC upregulation HA+OA E+S
PR overexpression all E
PR downregulation all S
P4 regulated genes down all S
cell-proliferation genes up all E+S
ERα , estrogen receptor alfa; AR, androgen receptor; p160 SRC,
p160 steroid receptor coactivator; PR, progesterone receptor; P4,
progesterone; OA, (oligo) anovulatory; HA, hyperandrogenic; E,
epithelial; S, stromal.

2. Endometrial effects of medications used
for ovulation induction and ovarian
stimulation
2.1 Antiestrogenic agents

Letrozole (LTZ) is an aromatase inhibitor that tran-
siently reduces E2 levels resulting in FSH secretion rise.
When used for ovulation induction in PCOS patients, LTZ
alters the endometrial gene expression without binding to
ER, in contrast to clomiphene-citrate (CC). During induc-
tion of ovulation CC competitively binds to ER thus inhibit-
ing estrogen-induced gene expression which is in charge of
preovulatory endometrial proliferation. However, CC does
not seem to affect the postovulatory endometrial ER over-
expression and excessive endometrial susceptibility to the
estrogen action observed in PCOS patients [40]. Compared
to CC, LTZ induces more profound qualitative and quanti-
tative changes in the expression of cytokines, namely LIF,
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Table 3. Endometrial effects of medications.
Medication Effects Study subjects

antiestrogens change in LIF, LIF – receptor, DKK-1, integrin αvβ3, VEGF, and FGF-22 concentration human
metformin increases GLUT4 expression human

reduces PR animal
increased both expression and secretion of IGFBP-1 and prolactin animal

FSH autophagy and apoptosis of endometrial cells HEC
HCG/LH up-regulation of pro-proliferative epiregulin gene HEC
flutamide increased expressions of prl8a2mRNA, cyclin D3 protein animal
progestins induce FKBP51 mRNA and protein expression HEC
LIF, leukemia inhibitory factor; DKK-1, Dickkhopf homolog 1; VEGF, vascular endothelial growth factor; FGF-22, fi-
broblast growth factor-22; GLUT4, glucose transporter 4 protein; PR, progesterone receptor; IGFBP-1, insulin-like growth
factor binding protein 1; HEC, human endometrial culture.

LIF – receptor, DKK-1, integrin αvβ3, VEGF, and FGF-
22 in uterine fluid and biopsy samples indicating better en-
dometrial receptivity compared to CC [59,76,77]. Endome-
trial ultrasonic parameters [endometrial thickness (ET), en-
dometrial volume (EV), vascularization index (VI), flow in-
dex (FI), vascularization flow index (VFI)], were found to
be significantly higher after LTZ compared to CC induction
as well as the clinical pregnancy and ongoing pregnancy
rates [59].

This was the rationale behind the recommendation for
LTZ to be the first-line therapy for the induction of ovula-
tion in oligo/anovulatory PCOS [78]. The successful ovu-
lation rate did not differ between the LE group and the CC
group (p > 0.05).

2.2 Metformin

Metformin increases the expression of endometrial
glucose transporter 4 protein (GLUT4) leading to the im-
provement of the endometrial IR in obese patients with
PCOS [73]. On animal PCOS models and/or PCOS pa-
tients, it suppressed PR expression, corrected the abnor-
mal expression of PR-targeted genes, and remarkably in-
creased both expression and secretion of IGFBP-1 and pro-
lactin in endometrial stromal cells following the estrogen-
progesterone (EP) treatment thus hampering EP-induced
decidualization by altering expression of multiple cy-
tokines, MMP-2, MMP-9 and PGR via regulating p38
MAPK signaling pathway [51,79].

2.3 Gonadotrophins

Gonadotrophins are usually used in anovulatory
PCOS as a second line of therapy for ovulation induction
in case of first-line agent failure or if reduced chances of
conception are observed by using first-line treatments (e.g.,
anti-estrogenic endometrial effects) and for in-vitro fertil-
ization (IVF) in women with PCOS. They are also used for
ovarian stimulation in cases who require IVF to improve
their chances for pregnancy and live birth [78]. Transo-
varian actions apart, gonadotrophins also affected the en-

dometrium directly by targeting their endometrial recep-
tors, follicle-stimulating hormone receptor (FSHR), and
luteinizing hormone and human chorionic gonadotrophin
receptor (LHCGR). In collected endometrial samples, dif-
ferent gonadotrophins affected endometrial cell viability
differently. The expression of cell-death-related genes was
observed in the samples treated with FSH. In contrast, in
the samples treated with HCG and LH, the up-regulation of
the pro-proliferative epiregulin gene was observed. In ad-
dition, LH or HCG prevented FSH-induced autophagy and
apoptosis in endometrial samples with combined treatment
[80].

Morphological changes in the secretory endometrium,
as well as changes in the biochemical profile of endometrial
fluid and endometrial ER and PR expression, were observed
in patients treated with gonadotrophins in ovarian stimula-
tion cycles for IVF [81–85]. Although this issue remained
controversial, it has been suggested that it could have a
detrimental effect on endometrial receptivity and, conse-
quently, on pregnancy and obstetric outcomes [86]. How-
ever, PCOS patients tend to have an excessive response to
gonadotrophins during ovarian stimulation, higher estradiol
levels, and increased risk of ovarian hyperstimulation syn-
drome (OHSS) compared to non-PCOS due to the large co-
hort of recruitable follicles [87]. Such high estradiol con-
centrations could have a detrimental effect on endometrial
receptivity which could be improved by lowering exces-
sively high estradiol concentrations and/or by using other
OHSS preventive measures [86,88,89].

Immature oocyte retrieval for in vitro maturation
(IVM) is usually performed before the development of a
dominant follicle shortening the follicular phase and pre-
venting the increment of serum estradiol to the levels ensur-
ing adequate endometrial proliferation [90]. To encounter
this effect, exogenous estrogens are usually administered
with an accompanying boost of endometrial steroid recep-
tor expression. Even when high serum progesterone levels
were achieved by progesterone supplementation, the down-
regulation of PR and ER expressions was not accomplished.
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This corroborates against optimal endometrial receptivity in
fresh embryo transfers in IVM cycles [91].

3. Endometrial effects of other medications
3.1 Antiandrogens

Flutamide, a nonsteroidal antiandrogen, was found to
ameliorate decidualization and endometrial angiogenesis
in hyperandrogenic mice and by doing so it improved the
poor endometrial receptivity. This was accounted to the
increased expressions of prl8a2mRNA, cyclin D3 protein,
and the increment in the number of uterine natural killer
cells [92]. However, in humans, antiandrogens without
the concomitant use of oral contraception cannot be recom-
mended to avoid fetal male under-virilization in the event
of pregnancy [78].

3.2 Progestins

Progestins, specifically medroksiprogesteron-acetate
(MPA) and etonogestrel (ETO) are demonstrated to induce
FKBP51 mRNA and protein expression in cultured human
endometrial stromal cells. However, compared with MPA
and ETO, micronized P4 may exert a milder PR-mediated
transcriptional activity on the FKBP51 gene. However,
none of the three above-mentioned progestins affected the
expression of the FKBP52 gene [93].

Summary of endometrial effects of medications is pre-
sented in Table 3.

4. Conclusions
In general, anovulation is the primary event associated

with infertility in PCOS patients with an obvious impact
on the molecular behavior in the endometrium in PCOS.
However, endometrial gene expression in the secretory en-
dometrium/window of implantation is altered even after in-
duction of ovulation or in spontaneous cycles potentially
diminishing the endometrial capacity for implantation. The
uterine fluid analysis seems to be a promising diagnostic
tool for the identification of PCOS patients with alteration
in the secretion of cytokines associated with endometrial re-
ceptivity. Several studies forebode metformin as the most
promising candidate to reverse adverse endometrial gene
expression. Animal studies demonstrated interesting ef-
fects of antiandrogens and progestins. However, nowadays,
specific treatment strategies could not be recommended.
PCOS is a complex and heterogeneous syndrome character-
ized by different combinations of hyperandrogenism, ovu-
latory dysfunction, and insulin resistance, which may have
an impact on endometrial receptivity. There are also studies
corroborating in favor of intrinsic suboptimal endometrial
receptivity in PCOS attributed to endometrial steroid recep-
tor malfunction. In this view, epigenetic or epigenomics
mechanisms altering gene expressions on the endometrial
level in PCOS should not be ruled out. Together with the
clinical and metabolic heterogeneity of the PCOS, this im-

poses that future studies on this subject should focus on in-
vestigating specificities of each PCOS phenotype and de-
veloping individual treatment strategies to meet the specific
needs of every PCOS patient.
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