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Proinflammatory environment and role of TNF-α in
endometrial function of obese women having polycystic
ovarian syndrome
L Oróstica1, I Astorga1, F Plaza-Parrochia1, C Vera1, V García2, R Carvajal3, F Gabler4, C Romero1,3 and M Vega1,3

BACKGROUND/OBJECTIVES: A high percentage of women having polycystic ovarian syndrome (PCOS) exhibit hyperinsulinemia
and obesity. Transforming necrosis factor-α (TNF-α) is an adipokine that increases in obesity and negatively affects insulin action in
several tissues, including the endometrium. In fact, it has been reported that insulin signaling is altered in the endometrium of
PCOS women, affecting its reproductive function. The aim of this study was to determine the proinflammatory environment and
TNF-α signaling in endometrium from obese women with PCOS, and also to evaluate the effect of TNF-α on endometrial cell energy
homeostasis.
METHODS: Serum and endometrial tissues were obtained from four study groups: normal-weight, normal-weight-PCOS, obese and
obese-PCOS (hyperandrogenemia/hyperinsulinemia) (n= 7 per group). Serum TNF-α level was assayed by enzyme-linked
immunosorbent assay (ELISA); endometrial TNF-α level and its receptors (TNFR1/TNFR2) as well as nuclear factor (NF)-κB content
were determined by immunohistochemistry. Finally, we evaluated TNF-α effect on glucose uptake in cultured human endometrial
stromal cells (T-HESC) treated or not with testosterone/insulin resembling partially the PCOS condition.
RESULTS: TNF-α plasma levels were similar between groups, whereas cytokine levels and macrophage number increased in
endometrium from obese-PCOS women (Po0.001). Both receptor types were higher in obese vs normal-weight women,
particularly TNFR2 content in the obese-PCOS group (Po0.001). Furthermore, an increased NF-κB nuclear content in endometrium
from obese-PCOS was observed (Po0.001). Finally, TNF-α treatment of T-HESC cultures exhibited a decrease of glucose uptake
(Po0.05), although similar to cells treated with testosterone or testosterone/insulin/TNF-α.
CONCLUSIONS: These results suggest that the PCOS condition induces an inflammatory state exacerbated when obesity is present,
where a higher TNF-α signaling is observed, all of which could affect glucose uptake in the tissue and may cause fertility failures in
these women.
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INTRODUCTION
Polycystic ovarian syndrome (PCOS) is an endocrine disorder
affecting 5–18% of women in reproductive age.1,2 This pathology
is characterized by clinical and/or biochemical hyperandrogenism,
together with oligo- and/or amenorrhea or polycystic ovary
assessed by ultrasonography.2 Moreover, ∼ 70% of women with
PCOS have some degree of obesity that may or may not be
accompanied by an insulin-resistant condition with compen-
satory hyperinsulinemia.3 This condition could compromise the
energy availability in insulin-responsive tissues, including the
endometrium.4,5

It is known that endometrial tissue expresses the molecules
involved in the insulin signaling pathway, with glucose metabolism
being the main source of energy that fulfills endometrial normal
function.4,5 Otherwise, it is well documented that endometria from
PCOS women exhibit alterations on the insulin pathway, indicating
an endometrial insulin-resistant condition.6–11 This situation could
worsen if we add the alterations related to obesity.
In fact, obesity involves an altered expression pattern of

adipokines secreted primarily by adipose tissue, including

transforming necrosis factor-α (TNF-α), interleukin-6 and adipo-
nectin, among others. These alterations could contribute to the
proinflammatory environment that has been described as a mild
but chronic proinflammatory condition in obese patients, affecting
not only the adipose tissue, but also other target tissues of these
adipokines.12,13 It is known that adiponectin is an insulin sensitizer
and anti-inflammatory molecule, whereas TNF-α is a proinflam-
matory cytokine and participates in obesity-related systemic
insulin resistance by inhibiting tyrosine kinase of the insulin
receptor in muscle and fat.14–16 Studies from our laboratory
indicate that the adiponectin pathway is decreased in the
endometrium from obese women with PCOS compared with
those tissues obtained from obese women without PCOS.17

Furthermore, other investigators have observed that TNF-α and
interleukin-6 can reduce the expression of both the transcript and
protein of adiponectin in adipose tissue whereas TNF-α can
increase interleukin-6 expression.18 Interestingly, studies have
shown that endometrial cells from normal fertile women express
TNF-α and its levels vary throughout the menstrual cycle, giving it
a role in the implantation process.19 Moreover, TNF-α can induce
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cell proliferation in endometrial cell cultures.20 A major intracel-
lular effector of the TNF-α canonical pathway is nuclear factor
(NF)-κB.21 This transcription factor has been related with insulin
resistance in several animal models associated with an increase in
free fatty acids in circulation or with other inherent factors to
obesity.21 Furthermore, studies show that NF-κB, principally the
p65–p50 dimer, has been found more active in the liver of obese
mice fed with a high-fat diet,22 suggesting a role in insulin failures
under this context.
As women with PCOS have increased incidence of implantation

failure compared with the normal population,23,24 it is of
importance to study the effect of the obesity condition on
endometrial function of obese women with PCOS and also
throughout the menstrual cycle. However, it is unknown whether
the signaling pathways of adipokines are present in this tissue, nor
if these pathways are altered under both the conditions of obesity
and PCOS. If this is the case, it could partially explain the failure of
the glycoside metabolism observed in the endometrium from
PCOS women.
Therefore, the present study aims to evaluate whether TNF-α

signaling and the inflammatory environment are altered in
endometrial tissue from obese women under hyperandroginemic
and hyperinsulinemic conditions characteristics of an important
subpopulation of patients with PCOS. In addition, it aims to assess
whether TNF-α signaling, including NF-κB as its principal effector
related to insulin resistance models, is able to affect glucose
uptake in an in vitro model of human endometrial stromal cells
exposed to hyperinsulinic and hyperandrogenic conditions in the
presence of TNF-α, resembling in part the altered hormonal and
obesity conditions found in PCOS women.

SUBJECTS AND METHODS
Subjects
A total of 28 women were recruited and classified according to previous
reports17 in four groups: normal-weight, normal-weight-PCOS, obese and
obese-PCOS. The PCOS was diagnosed according to the Androgen Excess
and PCOS Society criteria, whose central criterion is hyperandrogenism,2

determined in this case by the Free Androgen Index (biochemical
hyperandrogenism) that considers total testosterone and sex hormone-
binding globulin blood levels (normal value o4.5). Therefore, the high
ovarian androgen production and the decreased sex hormone-binding
globulin blood level lead to a significantly higher Free Androgen Index in
obese-PCOS and normal-weight-PCOS women (Table 1). Besides, obese-
PCOS women who participated in this study presented hyperinsulinemia
evaluated by an oral glucose tolerance test with 75 g load of glucose
(normal values: fasting glucose o110 mg dl− 1; glucose 120 min
o140 mg dl− 1). Thus, Insulin Sensitivity Index composite25 and Home-
ostasis Model Assessment26 values were abnormal in this group of patients
and were diagnosed as women with hyperinsulinemia (normal values:
insulin sensitivity index composite 43 and homeostasis model assess-
ment o2.5) (Table 1). Therefore, obese-PCOS was the only group having

hyperinsulinemia and hyperandrogenemia. Moreover, both groups of
obese had a body mass index (BMI) of 430 kg m− 2, whereas a BMI
of o25 kg m− 2 was observed for both normal-weight groups, and the age
of patients of the different studied groups was similar (Table 1). In addition,
other pathologies that induce hyperinsulinemia or hyperandrogenemia
were discarded as Cushing’s syndrome and congenital adrenal hyperplasia.
None of the women participants in the present investigation had received
any treatment in the past 3 months before recruitment into the study.
Endometrial and blood samples were obtained during the proliferative
phase (PP) of the menstrual cycle; the endometrial dating was performed
according to Noyes criteria27 by an experienced pathologist. In addition, a
reduced number of endometrial samples were obtained in the secretory
phase (SP) of the menstrual cycle from obese women with or without PCOS
to assess its proinflammatory status. Ethical Committees from the Faculty of
Medicine and Clinical Hospital of the University of Chile approved this
research where all subjects signed an informed written consent.

Determination of TNF-α blood concentration by ELISA
Serum samples from the four studied groups were used for detection of
TNF-α levels by enzyme-linked immunosorbent assays (ELISAs). For
the detection we used the commercial kit: TNF-α IMMULITE (Siemens,
Berlin-Charlottenburg, Germany; Cat. No. #PILKNF-11). This cytokine was
detected by a colorimetric reaction using an ELISA reader (Biotek
EL800, Biotek Instruments Inc., Winooski, VT, USA) and absorbance
measurements at 450 nm were performed using Gen5 1.06 program
(Biotek Instruments Inc.).

Tissue preparation
Endometrial tissue samples from the four studied groups were obtained
with a Pipelle suction curette from the corpus of the uteri and divided into
two fragments. A fragment of each sample was fixed in 4% buffered
formaldehyde for 24 h, embedded in paraffin and cut in 4 μm thick
sections before histological and immunohistochemical studies. The
other fragment of each sample was frozen in liquid nitrogen and stored
at − 80 °C to measure protein content. As previously reported,17 the
fragment of frozen samples was homogenized in RIPA buffer (50 mM Tris-
Base, 150 mM NaCl, 0.5% sodium deoxycholate, 1% Triton X-100 and 0.1%
SDS), and 1× protease and phosphatase inhibitor cocktail (Thermo Fisher
Scientific, Rochester, NY, USA) was added. The samples were centrifuged at
10 000 g for 20 min at 4 °C. The resulting supernatant was used to
determine protein concentration with the BCA Protein Assay kit (Thermo
Fisher Scientific).

Immunohistochemistry
Briefly, paraffin sections of human endometrial tissue were deparaffinized
in xylene and gradually hydrated through graded alcohols.17 The sections
were incubated in 10 mM citrate buffer (pH 6.0) at 95 °C for 30 min,
incubating the samples in 3% hydrogen peroxide for 15 min, preventing
endogenous peroxidase activity. Nonspecific antibody binding was
inhibited by incubating samples with the blocking solution (Histostain-
SP, Invitrogen, Carlsbad, CA, USA) for 10 min. Then, samples were
incubated with corresponding primary antibodies: TNF-α (rabbit poly-
clonal, Cell Signaling, Danvers, MA, USA; dilution 1:100), TNFR1 (rabbit

Table 1. Clinical and metabolic parameters of studied groups

Parameters Normal weight Normal-weight-PCOS Obese Obese-PCOS

Age (years) 26.6± 5.6 25.8± 2.7 27.4± 5.2 25.9± 2.4
BMI (kg m− 2) 22.4± 2.1 25.6± 0.2 34.7± 4.8a 32.6± 3.4b

Testosterone (ng dl− 1) 36.6± 10.7 40± 5.4c 22.6± 8.4 49.4± 9.2b

SHBG (nmol l− 1) 68.9± 0.8 20.8± 2.7c 4.3± 2.4 25.7± 1.1b

FAI (reference o4.5) 1.9± 0.6 7.3± 1.5c 2.3± 0.7 6.7± 1.9b

HOMA-IR (reference o2.5) 1.49± 1.1 1.1± 0.2 2.3± 0.4 4.5± 0.9d

ISI composite (reference 43) 8.1± 4.7 8.0± 1.8 4.6± 2.3 2.09± 0.3d

Abbreviations: BMI, body mass index; FAI, Free Androgen Index; HOMA-IR, Homeostasis Model Assessment of Insulin Resistance; ISI, Insulin Sensitivity Index;
PCOS, polycystic ovarian syndrome; SHBG, sex hormone-binding globulin. Studied groups were: normal-weight, normal-weight-PCOS, obese and
hyperinsulinemic obese-PCOS. The values are mean± s.e.m. aPo0.05 between obese and normal-weight groups. bPo0.05 between obese-PCOS and normal-
weight groups. cPo0.05 between normal-weight-PCOS and normal-weight groups. dPo0.05 between obese-PCOS and the other groups.
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monoclonal, Cell Signaling; dilution 1:100), TNFR2 (rabbit polyclonal, Cell
Signaling; dilution 1:100), NF-κB p65 subunit (rabbit monoclonal,
Cell Signaling; dilution 1:500) and CD68 (mouse monoclonal; Dako,
Carpinteria, CA, USA; dilution 1:100) overnight at 4 °C. The internal control
was carried out on adjacent sections incubated without the primary
antibody. A biotinylated horseradish peroxidase secondary antibody was
used for the detection of immune signal. Chromogenic revealed was
developed by the streptavidin-peroxidase system and 3,3′-diaminobenzi-
dine was used as substrate; counterstaining was performed with
hematoxylin (Dako, Via Real). The slides were evaluated on an Olympus
optical microscope (Olympus BX51TF, Tokyo, Japan) by measurement of
positive pixel intensity with the use of the semiquantitative analysis tool
IOD (Integrated Optical Density), using the Image Pro Plus 6.0 program
(Media Cybernetics Inc., Rockville, MD, USA). Results were expressed as
arbitrary units. To determine the translocation of NF-κB, we counted the
number of positive p65 nuclei, the subunit that most frequently
participates in the active NF-κB complex,28 and the number of total nuclei
in the tissue. Results were expressed as the percentage of positive nuclei in
the tissue. To determine the proinflammatory environment, we evaluated
the positive immunostaining of CD68 protein (macrophage marker)
detected in endometria from the four studied groups. Results were
expressed as the number of macrophages regarding the total tissue area.

Cell culture and treatments
Telomerase-immortalized human endometrial stromal cell line T-HESC
(ATCC, Manassas, VA, USA; CRL-4003)29 was cultured in Dulbecco’s
modified Eagle’s medium/Ham F12 medium (Sigma Aldrich, Co., St Louis,
MO, USA) with 10% fetal bovine serum treated with dextran carbon
(Hyclone Thermoscientific, Waltham, MA, USA) and 1× of antimycotic/
antibiotics at 37 °C in a 5% CO2 atmosphere until 80% confluence. Then,
cells were cultured in 6-well plates, 700 000 cells per well in growth media
for 24 h at 37 °C in 5% CO2 atmosphere. The cells were washed twice with
sterile Dulbecco’s phosphate-buffered saline (GIBCO Invitrogen Corpora-
tion, Camarillo, CA, USA). The cultures were further subjected to
testosterone plus insulin treatment (100 nM each) for 48 h in serum-free
medium. Testosterone and insulin concentrations were determined in
previous studies from our laboratory.9,11 Moreover, some cell cultures were
also costimulated with insulin and testosterone (100 nM each) and TNF-α
(100 ng ml− 1) or with testosterone, insulin or TNF-α alone for 48 h to
determine the effect on glucose uptake. Basal condition was cultures with
no hormonal stimulation.

Glucose uptake assay
As previously reported,11 cells were plated in 12-well plates at 150 000 cells
per well. After hormone and cytokine stimuli, the cell cultures were
incubated in transport media containing 15 mM Hepes buffer pH 7.6,
135 mM NaCl, 5 mM KCl, 1.8 mM CaCl2, 0.8 mM MgCl2 and 10 mM Deoxy-D-
glucose. Uptake assays were performed in 500 μl of transport media
containing 1 μCi ml− 1 of 2-deoxy-D-[1,2(N)3H]glucose (PerkinElmer, Wal-
tham, MA, USA). After 5 min of transport at room temperature, uptake was
stopped with ice-cold stop solution (135 mM NaCl, 5 mM KCl, 1.8 mM CaCl2,
0.8 mM MgSO4, 0.2 mM HgCl2). Cells were dissolved in 500 μl of lysis buffer
(0.5 mM NaOH). To samples were added 3.5 ml liquid scintillation for
radioactivity determination using a scintillation counter (Packard Tri-Carb
2100R Liquid Scintillation Counter (Perkin Elmer Packard, Waltham, MA,
USA); 18% efficiency). Flavonoid quercetin (150 μm) was used to block
GLUT1 transporters and to subtract the unspecific glucose uptake in each
experiment.11 Results of three independent experiments in duplicate were
expressed as pmol glucose per μg total protein for each group.

Statistical analysis
All data showed a nonparametric distribution and were analyzed by
Kruskal–Wallis test. For multiple comparisons, Dunn’s post test was used.
The P-values of o0.05 were considered significant. Statistical tests were
performed using Graph Pad Prism 5.0 (GraphPad Software Inc., La Jolla,
CA, USA).

RESULTS
Determination of TNF-α serum levels
The present study assessed whether obesity and/or PCOS condition
could alter blood levels of TNF-α by ELISA. The results show similar

serum concentration of the adipokine in the four studied
groups (normal-weight: 4.73 ± 0.25 ng ml − 1; normal-weight-
PCOS: 4.52±0.48 ngml−1; obese: 4.43±0.37 ngml−1; obese-PCOS:
4.20 ± 0.08 ng ml− 1).

Determination of proinflammatory environment in endometrium:
location and levels of TNF-α and CD68
Based on the failures in the insulin signaling and the lower
adiponectin levels in endometrial tissue from PCOS women shown
previously,6–11,17 it was relevant to evaluate the local proinflam-
matory environment in endometria from the four study groups. In
this context, the presence and location of TNF-α and macrophages
were detected by immunohistochemistry in endometrial tissue. As
shown in Figure 1a, the cytokine was detected in both
compartments of the endometrium (stroma and epithelium) in
all studied groups. Interestingly, we observed a significant
increase of TNF-α in stroma and epithelium from obese-PCOS
group compared with the other groups (Po0.001). Coincidently,
the presence of macrophages in the endometrium, detected
through the levels of the protein marker CD68(ref. 30) (Figure 1b),
revealed augmented number of macrophages in endometria from
obese compared with normal-weight women (67%, Po0.01).
Even more, when the PCOS condition was present, the increased
macrophage number was independent of whether the endome-
trium was obtained from normal-weight or obese woman.
Nevertheless, a significant increase in macrophage number was
observed in the obese-PCOS group, where hyperinsulinism and
hyperandrogenism were present, compared with obese women
(25%, Po0.05).

Detection of TNF-α receptors type 1 and type 2 in endometrium
To assess the potential effect of TNF-α in endometrial tissue, the
presence of both types of TNF-α receptors (type 1 or TNFR1 and
type 2 or TNFR2) was detected in the four studied groups
(Figure 2). We observed positive immune-reactivity for TNFR1 and
TNFR2 in tissues from all groups of patients in both the stromal
and epithelial compartment. When comparing normal-weight and
normal-weight-PCOS or obese and obese-PCOS (Figure 2a), the
PCOS condition increases TNFR1 levels with respect to their
controls without the syndrome. The immune-detection of TNFR2
showed a similar pattern than TNFR1, with a significant increase in
normal-weight-PCOS and obese-PCOS groups compared with
normal-weight and obese groups without PCOS, respectively
(Po0.001) (Figure 2b). However, in endometria from obese-PCOS
women we found a higher TNFR2 expression than in the other
groups (Po0.001), suggesting that when obesity, hyperinsulinism
and PCOS conditions are present there is an increased TNFR2
level, together with TNF-α and the number of macrophages.
Based on the crucial role of endometria and of inflammatory

molecules in the implantation process, we additionally deter-
mined the TNF-α system in a few number of endometrial tissue
samples only from obese women with or without PCOS obtained
in the mid SP of the cycle, as tissues from normal-weight
women in the SP were not available. For this study, the expre-
ssion of TNF-α, TNFR2 and CD68 was detected in their endo-
metria by immunohistochemistry (IOD arbitrary units), where
lower levels were found in obese-PCOS tissues compared with
endometria from obese-PCOS women in PP of the menstrual
cycle for the three studied proteins (TNF-α: 7936 ± 2500 (SP)
and 247 291± 12 000 (PP), Po0.01; TNFR2: 4371 ± 1200 (SP) and
167 015± 12 500 (PP), Po0.01; CD68: 0.00057 ± 0.00021 (SP)
and 124.6 ± 15.7 (PP) Po0.001). According to these data, it is
most likely that an alteration of the TNF-α system during the
menstrual cycle is present in the endometrium from obese-PCOS
women that could be associated with fertility problems in
these women.
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Detection of NF-κB (p65 subunit) in endometrial tissue
Regarding the above results, the TNF-α pathway could be more
active in the endometrial tissue from obese-PCOS group. There-
fore, to further analyze the effect of the cytokine in endometria,
the presence of the p65 subunit of NF-κB in the nucleus was
assessed in the endometrial tissue from the four studied groups
(Figure 3). The data showed an increased number of positive
nuclei in endometria from obese-PCOS (80%, Po0.001) that
clearly suggests a higher content of nuclear p65 in those
endometria compared with the other groups, in accordance with
an increased TNF-α activity in these tissues. This is consistent with
the other results of the present study.

Effect of TNF-α on glucose uptake in human endometrial stromal
cells (T-HESC) under hyperandrogenic and hyperinsulinic
conditions
Given the high TNF-α level in endometrium from obese-PCOS
group (Figure 1a) and the known negative effect of TNF-α on
insulin signaling,14–16 it was of relevance to investigate the effect
of the cytokine in a functional cell process, such as glucose uptake.
These experiments were performed in cultures of the human
endometrial stromal cell line T-HESC in basal and under
hyperandrogenic/hyperinsulinic conditions previously established
in our laboratory9 that resembles the PCOS microenvironment.

These cultures were also treated with TNF-α concentration
previously determined by a dose–response curve (data not
shown). The results indicate that testosterone significantly
decreases glucose uptake by these cells (Po0.05) in agreement
with our previous reports9,11 (Figure 4). In addition, insulin partially
reversed the negative effect of testosterone on glucose uptake.
Interestingly, TNF-α also induces a negative effect on the ability of
these cells to incorporate glucose (Po0.05), and similar results
were obtained with the co-administration of TNF-α/testosterone
or TNF-α/testosterone/insulin.

DISCUSSION
PCOS is a condition that is mainly characterized by excessive
production of androgens and in most cases is accompanied with
insulin resistance and compensatory hyperinsulinemia. In this
regard, our group has established that endometrium from women
with PCOS have an altered expression of molecules involved in the
insulin signaling pathway leading to failures in the insulin action.5

This could explain in part the reproductive failures that occur in
these women. These alterations could be exacerbated with the
obesity condition present in a high percentage of PCOS patients.
Regarding obesity, it is known that the increase of adipose

tissue involves changes in the molecular expression pattern of

Figure 1. Detection of TNF-α protein and CD68-positive cells in endometrial tissue. TNF-α content (a) and percentage of CD68-positive cell
(b) levels and location were assessed by immunohistochemistry. Photomicrographs (left hand) show the tissue location of TNF-α and CD68 by
immunopositive brown color staining in endometrium from normal-weight, normal-weight-PCOS, obese and obese-PCOS women.
Semiquantification (right hand) of each protein level in endometrial tissue was obtained by IOD tool. In (a), ***Po0.001 obese-PCOS vs other
groups. In (b), different letters indicate statistical significance (a≠b≠c with Po0.05) and the arrows indicate the positive staining for CD68.
C(− ), negative control (inner box); E, epithelium; S, stroma. Bar= 50 μm; images at ×400. Nonparametric test and Dunn’s post test. Data are
shown as mean arbitrary units (AU)± s.e.m., n= 7 samples in each group.
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these cells, altering the secretion of adipokines such as
adiponectin (insulin sensitizing) or TNF-α (negative effect on
insulin action), among others.12,13,31,32 Recently, our group
reported a diminished adiponectin expression in endometrium
from obese women with PCOS, proving that these conditions do
not only affect the ovary, but also other important reproductive
tissues, such as the endometrium. Considering the antagonistic
effect of TNF-α on insulin action and the low expression level of
adiponectin, it was relevant to assess TNF-α signaling in the
endometrium of obese-PCOS women and, importantly, the effect
of this cytokine on the glucose uptake ability of endometrial cells
exposed to the PCOS and obesity environment.
According to the results of the present investigation, no

significant changes in serum TNF-α level were observed among
the four study groups. However, it is unclear whether this plasma
cytokine concentration is able to affect the normal function of
tissues with a reproductive role, such as the endometrium. On the

other hand, in this work the obesity was determined only by BMI
of 430 kg m− 2 without considering the waist circumference or
the accumulation of visceral fat in these patients, with this fat
giving the highest amount of TNF-α to circulation, eliciting a
greater inflammatory environment under an obesity condition.13

In relation to the proinflammatory environment in the
endometrial tissue, the increased cytokine level in obese women
with PCOS could be associated in part to obesity, as it induces a
mild but chronic inflammatory condition characterized by
increased levels of cytokines like TNF-α. This cytokine is able to
exert a negative action on the expression of adiponectin as a
recognition site in its promoter is present;33 therefore, it is likely
that the increase in TNF-α content found in the present
investigation in the endometrium of obese-PCOS women could
be a potential cause of the adiponectin decrease found by García
et al.17 These data can explain some of the failures in the insulin
signaling observed in endometria exposed to hyperinsulinemic

Figure 2. Protein levels of TNF-α receptors type 1 and 2 in endometrial tissue. TNFR1 (a) and TNFR2 (b) levels and location were determined by
immunohistochemistry. Photomicrographs (left hand) show the tissue location of TNFR1 and TNFR2 by immunopositive brown color staining
in endometrium from normal-weight, normal-weight-PCOS, obese and obese-PCOS women. Semiquantification (right hand) of the level of
each protein in endometrial tissue was performed by IOD tool. In (a), *Po0.05 obese vs obese-PCOS; **Po0.01 normal-weight-PCOS vs
obese-PCOS; ***Po0.001 normal-weight vs other groups. In (b), **Po0.01 normal-weight-PCOS vs obese-PCOS; ***Po0.001 normal-weight
vs other groups and obese vs obese-PCOS. C(− ), negative control (inner box); E, epithelium; S, stroma. Bar= 50 μm; images at ×400.
Nonparametric test and Dunn’s post test. Data are shown as mean arbitrary units (AU)± s.e.m., n= 7 samples in each group.
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and hyperandrogenic environment, present only in the group of
obese women with PCOS. Accordingly, the increased number of
macrophages in obese-PCOS endometrium could be the cause of
the greater amount of TNF-α generated in these tissues.
Consequently, this inflammatory condition could trigger negative
effects on insulin signaling and metabolism of the endometrial
tissue.
In the PCOS condition without obesity, a proinflammatory

environment can also be found. In fact, in the case of the normal-
weight-PCOS group, the macrophage number could be positively
regulated by the hyperandrogenic condition present in the
tissue. It is known that androgen induces increased production
of TNF-α by macrophages, as reported in ovaries of rats with
hyperandrogenism.34 In this regard, there is evidence that PCOS
involves an inflammatory process per se,35 as shown by the higher
levels of C-reactive protein in PCOS women compared with
controls who match in BMI and age.36 In addition, one study
showed that visceral adipocytes obtained from non-obese women
with PCOS promote the release of free fatty acids into the blood
that could induce a mild proinflammatory environment in these

women.37 Hence, all these studies might indicate that obesity and/
or PCOS can elicit a proinflammatory environment. Besides, when
both conditions are present, an exacerbation of this environment
at the endometrial level could be generated.
Some investigations have shown that TNF-α expression and its

receptors change throughout the menstrual cycle, being higher in
the SP where it could participate in the remodeling/proliferation
process, as part of the normal function of the endometrium
(bleeding or implantation process if the oocyte is fertilized).19,38,39

Therefore, the results obtained in endometrium from obese-PCOS
women during the mid SP showed an altered TNF-α system; this
alteration could affect the implantation process and successful
pregnancy in PCOS women with spontaneous ovulation, as the
importance of immune cell activity during this process is known.
Regarding this, the alteration of TNF-α system in the endometrium
from obese-PCOS women could be strongly related to the
hyperinsulinemic condition present in this study group. In fact, a
work by Nestler and colleagues40 indicate that a hyperinsulinemic
condition in women with PCOS where luteal phase was induced
by clomiphene may alter the proinflammatory environment and

Figure 3. Detection of NF-κB nuclear p65 subunit in endometrial tissues. In (a), arrows in the photomicrographs indicate positive nuclei for
p65 subunit of NF-κB and location in endometrial tissue from normal-weight, normal-weight-PCOS, obese and obese-PCOS women assessed
by immunohistochemistry. The photograph with zoom on the right shows positive nuclei (black arrows) and negative nuclei (red arrows) for
p65 subunit in endometrial stroma from obese-PCOS woman. In (b), semiquantification of the immunopositive staining shows the percentage
of positive nuclei per total area of endometrial tissue in each group. ***Po0.001 obese-PCOS vs other groups. C(− ), negative control (inner
box); E, epithelium; S, stroma. Bar= 50 μm; Images at ×400. Nonparametric test and Dunn’s post test. Data are shown as mean± s.e.m., n= 7
samples in each group.
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endometrium receptivity by a decrease in serum levels of
regulatory molecules of immune response, such as glycodelin
(secreted primarily by the endometrium) and IGFBP-1. These
molecules modulate the accession process in the maternal–fetal
interface, whereas treatment with metformin increases levels of
both molecules in these women.40

Regarding the proliferative endometrium from obese women
with PCOS, the increased levels of TNF-α and TNFR2 suggest a
higher TNF-α activity.38 Interestingly, genetic alterations of TNF-α
and TNFR2, specifically some polymorphisms, have been asso-
ciated with the presence of PCOS and hyperandrogenism in
women.41,42 The latter has also been linked to an increased
amount of soluble TNFR2 in blood and with insulin resistance and
a high BMI in women, contributing to an inflammatory state and
the insulin-resistant condition.42–44 On the other hand, because of
the presence of a death domain, TNFR1 is mainly associated with
apoptotic signals induced by TNF-α, whereas TNFR2 relates
primarily to proliferative effects of immune cells and cytotoxicity
through activation of molecules such as NF-κB or activator
protein-1.38,45,46 Moreover, obesity and insulin resistance studies
have identified TNFR2 and NF-κB as the main effectors of TNF-α to
induce inflammatory effects on various systems.21,22,43,44 Con-
sidering that in our study the only group that has hyperinsuline-
mia and hyperandrogenemia was the obese-PCOS group, it is
possible that when both conditions are present, the expression of
TNF-α/TNFR2 increase significantly, suggesting an effect on
proinflammatory condition in these women. This condition could
induce adverse effects on insulin action through the activation of
p65-NF-κB affecting the endometrial function, as evidenced by the
higher content of nuclear NF-κB in these tissues. Thereby, active
NF-κB can promote gene expression of proinflammatory cyto-
kines, such as TNF-α.47 The latter could exacerbate and perpetuate
a state of chronic local inflammation in endometrium from obese-
PCOS women.
As already mentioned, glucose availability is crucial for human

endometrium to fulfill its normal function. The results of the
present study show that testosterone is able to decrease glucose
uptake by endometrial cells, whereas cotreatment with insulin

partly reversed this effect in agreement with previous findings
from our laboratory.9,11 Furthermore, the present work and other
studies from our laboratory have shown that these cells respond
to the insulin treatment by significantly increasing glucose
uptake.9,11 Nevertheless, in the cotreatment conditions, insulin
was not able to overcome the negative effect of testosterone or
TNF-α on glucose uptake. Therefore, it is most likely that other
factors present in the environment of pathological endome-
trium alter the insulin action. On the other hand, TNF-α is also
capable of decreasing glucose uptake by these cells, indicating a
negative effect of the cytokine on insulin signaling, as described
by other studies.48,49 In addition, the cotreatment of T-HESC
with testosterone–insulin–TNF-α also decreases glucose uptake
by these cells. However, testosterone and TNF-α can induce
negative effects on insulin action probably through different
pathways. In this context, the higher inflammatory environment
and elevated TNF-α level in endometrium from obese women
with PCOS do not rule out the participation of other cytokines
such as interleukin-6 that is also elevated in the serum of obese
patients and has a negative effect on insulin action.50–52 Finally,
all these evidences suggest that a condition of insulin resistance
associated with obesity can adversely affect the energetic
metabolism of endometrium from PCOS women through the
increase in proinflammatory condition characterized by a higher
activity of TNF-α/TNFR2/NF-κB system in the tissue that could
directly affect the insulin signaling or affect insulin sensitizer
molecules such as adiponectin, also decreased in endometrium
from obese women with PCOS.17

In conclusion, these and previous results clearly indicate that
the PCOS condition can affect the insulin action in the
endometrial tissue. Furthermore, obesity may exacerbate this
effect by providing an additional inflammatory environment in the
tissue, causing disruptions in the action of insulin and glucose
homeostasis, the main source of energy for the normal function of
endometria. Altogether, these findings may explain in part the
fertility failures found in these women.
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