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A B S T R A C T

Context: Polycystic ovary syndrome (PCOS) is an androgen excess disorder associated with obesity and adipose
tissue disturbances. Our aim was to evaluate gene expression of adipocytokines and adipocyte characteristics in
abdominal subcutaneous adipose tissue (SAT) of PCOS women.
Design: Twelve PCOS (PCOSw) and 12 control (Cw) premenopausal women (BMI 20–35 kg/m2) were included,
with measurements of whole-body composition assessed by dual-energy X-ray absorptiometry, and abdominal
subcutaneous and visceral adipose tissue (VAT) volume, by magnetic resonance imaging. An oral glucose tol-
erance test was performed with measurements of glucose and insulin, and sex steroids, lipid profile and serum
adipocytokines were determined in the fasting sample. Adipocytokine gene expression, mean adipocyte area and
macrophage infiltration were evaluated in SAT biopsies.
Results: Both groups were comparable in age and BMI. Trunk fat mass amount (p= .043), serum and SAT leptin/
adiponectin ratio (p= .034 and p= .028, respectively) and adipocyte area (p= .015) were higher in PCOSw
compared to Cw. Interestingly, trunk fat mass was positively correlated with adipocyte area in PCOSw
(r= 0.821, p= .023), while the inverse correlation was found in Cw (r=−0.786, p= .021). Only in PCOSw,
adipocyte area was positively correlated with serum testosterone (r= 0.857, p= .014) and visceral adipose
tissue volume (r= 0.857, p= .014).
Conclusions: Our results indicate that PCOS women present adipose tissue dysfunction in the subcutaneous
compartment, characterized by an alteration in adipocyte size and leptin/adiponectin expression and secretion,
probably associated with higher androgen concentrations.

1. Introduction

Polycystic ovary syndrome (PCOS) is an androgen excess disorder
highly prevalent in women of reproductive age, closely associated with
metabolic derangements such as insulin resistance and hyper-
insulinemia [1]. Women with PCOS are often obese; moreover, around
28% of overweight and obese women have PCOS. Accordingly, obesity
plays a preponderant role in the development and severity of PCOS [2].
On the other hand, the hyperandrogenism present in PCOS could also
influence the pathophysiology of obesity, favoring the accumulation of

adipose tissue and regulating many aspects of its function [2].
The type of adipose tissue depot can vary in its characteristics and

function [3]. Although for a long time it was postulated that visceral
adipose tissue (VAT) was more relevant than subcutaneous adipose tissue
(SAT) in terms of metabolic derangements, currently it is well known that
SAT is also linked with metabolic alterations [3,4]. Interestingly, the
adipose tissue of PCOS women exhibits enlarged adipocytes, associated
with decreased adiponectin production and insulin resistance [5], in-
dicating that alterations in the function and morphology of adipose tissue
could be associated with the pathogenesis of PCOS [6].
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The role that androgens could have in adipose tissue has raised
special interest, since it has been proposed that in PCOS women many
aspects of adipose tissue distribution and function are abnormal, even
in the absence of obesity [2]. In this regard, adipose tissue expresses the
androgen receptor (AR) in both SAT and VAT depots [7]. Androgens
stimulate the growth of adipocytes, disrupt the differentiation of pre-
adipocytes to adipocytes, and decrease lipolysis in SAT [8,9]. Although
it is not clear, indirect evidence suggests that androgens may be in-
volved in adipose tissue inflammation [8]. Accordingly, we recently
demonstrated that exposure of VAT from obese women to testosterone
increases monocyte chemoattractant protein-1 production and may,
thus, initiate a local inflammatory response [10]. In turn, low adipo-
nectin serum levels and elevated concentrations of inflammatory adi-
pocytokines in women with PCOS suggest the presence of a low-grade
chronic inflammation state, however, these findings are still con-
troversial [11,12]. Particularly, adiponectin and leptin have been pro-
posed as markers of adipose tissue function because they are secreted
by adipocytes, unlike other cytokines that are also produced by mac-
rophages and stromal cells [13].

Therefore, since body weight and hyperandrogenism are both ap-
parently involved in adipose tissue dysfunction in PCOS, the aim of the
present study was to assess the impact of androgens on adipocytokine
gene expression and adipocyte size in SAT of PCOS women, compared
to non hyperandrogenic women of similar body mass index (BMI) and
age.

2. Methods

2.1. Subjects

Twelve premenopausal PCOS women (PCOSw) and 12 non-hyper-
androgenic women (control group) between 30 and 52 years of age with
a BMI between 20 and 35 kg/m2, were included in the study. All PCOSw
were diagnosed in our Research Unit according to the NIH definition
during their early reproductive age. Those women over 40 years who
entered this study had been previously diagnosed as PCOS when they
participated in other studies of our group. Control women (Cw) were
selected from women attending a preventive medical examination at
the Department of Obstetrics and Gynecology in our hospital, as pre-
viously described [14]. All Cw had a history of regular 28- to 32-day
menstrual cycles, absence of hirsutism and other manifestations of
hyperandrogenism, and no history of infertility.

None of the PCOS or control women were under hormonal contra-
ceptive therapy or other medication for≥ 3months before starting the
study. Women with known diabetes, current pregnancy or breast-
feeding were excluded.

The protocol was approved by the Institutional Review Boards of
the San Juan de Dios Hospital and the University of Chile. All women
signed informed consents before entering the study.

2.2. Study protocol

Control and PCOS subjects were studied 3–7 days after menstrual
bleeding or whenever feasible in those PCOS women without regular
menses. We performed a complete physical examination with anthro-
pometric measurements including: weight, height, waist circumference,
hip circumference and waist to hip ratio (WHR), BMI, Ferriman-
Gallwey score (scale to assess hirsutism), skinfold thickness and ovarian
volume by ultrasound. In all participants, an oral glucose tolerance test
(75 g glucose) was performed after a 12-h overnight fast with mea-
surements of glucose and insulin. Insulin resistance was estimated by
the homeostasis model assessment for insulin resistance (HOMA-IR)

and by the insulin sensitivity index (ISI) composite, and total glucose
and insulin secretions were determined as the area under the curve
(AUC) calculated by the trapezoidal method using 0-, 30-, 60-, 90- and
120-min time points. Fasting serum concentrations of sex steroids and
sex hormone binding globulin (SHBG) were determined, and free an-
drogen index (FAI) was calculated. Additionally, cytokines and lipid
profile were assessed.

In the fasting state and under local anesthesia, an abdominal sub-
cutaneous fat biopsy sample from the lower abdomen region was ob-
tained for immunohistochemistry analysis, according to the technique
described by Bergström [15]. Additionally, another section of tissue
was collected by liposuction aspiration for RNA extraction, and was
immediately stored at −80 °C.

Dual X-ray absorptiometry (DXA) was used to measure whole and
regional body composition, using a Lunar DPX-L densitometer (Lunar,
Madison, WI, software version 1.30). The volumes of SAT and VAT
were determined by magnetic resonance imaging (MRI) at the L4–L5
intervertebral disk level with a 1.5 Tesla scanner (Intera, Philips
Healthcare).

2.3. Laboratory analyses

Serum testosterone, androstenedione and 17-OHP were assayed by
RIA (DIAsource Immunoassay SA, Louvain-la-Neuve, Belgium) and
SHBG was determined by IRMA (Institute of Isotops Co. Ltd. (Izotop),
Budapest). Sensitivities for testosterone, androstenedione, 17-OHP and
SHBG assays were 0.1 ng/ml, 0.1 ng/ml, 0.03 ng/ml and 0.22 nmol/l,
respectively. Intra- assay coefficients of variation were 3.5%, 3.8%,
4.6% and 4.9%, and inter-assay coefficients of variation were 5.5%,
7.5%, 7.7% and 3.8%, respectively. Estradiol and estrone were de-
termined by RIA (Pantex, Santa Monica, CA, USA and DIAsource
Immunoassay SA, Louvain-la-Neuve, Belgium, respectively).
Sensitivities were 10.0 pg/ml and 5.0 pg/ml, respectively, and intra-
and inter-assay coefficients of variation were 4.7 and 5.4% for estradiol
and 6.4 and 7.1% for estrone.

Glucose, insulin and lipid profile were analyzed as previously de-
scribed [16]. Serum interleukin-6 (IL-6), tumor necrosis factor α (TNF-
α), monocyte chemoattractant protein-1 (MCP-1), adiponectin and
leptin concentrations were determined by Luminex (Luminex 200,
Austin, TX). Intra- and inter-assay variation coefficients were not
greater than 2.9% and 5.6%, respectively, for the different metabolites.
The detection limit was 0.1 pg/ml for TNF-α, 0.4 pg/ml for IL6, 1.1 pg/
ml for MCP-1, 6.0 pg/ml for adiponectin and 4.7 pg/ml for leptin.

2.4. RNA isolation and quantitative real-time RT-PCR

Approximately 100mg of frozen adipose tissue obtained by lipo-
suction were employed for total RNA extraction using RNeasy Lipid
Tissue Mini kit according to the manufacturer's protocol (QIAGEN,
Hilden, Germany). RNA concentration and purity were evaluated with a
Nanodrop ND-1000 spectrophotometer (Nano-Drop Technologies).
First-strand cDNA was synthesized from 250 ng of total RNA with
Superscript III according to the manufacturer’s protocol (SuperScript®
III First-Strand Synthesis SuperMix for qRT-PCR, Invitrogen).

Quantitative real-time PCR was performed using a commercial
master mix (Taqman Universal PCR Master Mix II, Applied Biosystems)
and Taqman probes (Applied Biosystems, Foster City, CA, USA) specific
for gene expression of: IL-6 (IL6: Hs00985639_m1), TNF-α (TNFA:
Hs01113624_g1), monocyte chemoattractant protein-1 (CCL2:
Hs00234140_m1), adiponectin (ADIPOQ: Hs00605917_m1), leptin
(LEP: Hs00174877_m1) and androgen receptor (AR: Hs00171172_m1),
according to the amplification conditions indicated by the
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manufacturer. Samples were run in duplicate in a Stratagene MX3000P
thermal cycler (Agilent, USA). Gene expression values were calculated
with the ΔΔCq method (RQ=2−ΔΔCq) using GAPDH as a normalizer.

2.5. Adipocyte size

Mean adipocyte area was determined in 5 µm sections stained with
hematoxylin-eosin. Briefly, images from 3 random fields of each sample

were obtained by computerized image analysis with ImageJ software
(NIH, USA), with an optical microscope (Leica, LCM2000) attached to a
digital camera (Leica, DFC 295) at 40X magnification. One hundred
adipocytes were measured and adipocyte area was calculated with the
largest diameter in those adipocytes with spherical shape, according to
Anand et al. [17]. Mean adipocyte area was calculated with the Ferret
formula in ImageJ (http://rsbweb.nih.gov/ij/index.html) and ex-
pressed in µm2.

Table 1
Clinical and biochemical characteristics in control women (Cw) and women with polycystic ovary syndrome (PCOSw).

Cw (n= 12) PCOSw (n=12) p

Anthropometric and clinical measurements
Age (years) 42.5 (38.7–43.7) 37.5 (31.0–42.0) .104
Weight (kg) 64.1 (55.5–70.8) 76.0 (64.2–82.5) .100
Height (m) 1.55 (1.51–1.62) 1.60 (1.56–1.67) .099
BMI (kg/m2) 26.3 (23.7–29.1) 28.5 (26.1–32.6) .149
WC (cm) 78.0 (71.5–88.2) 87.5 (84.5–95.0) .049
HC (cm) 98.0 (88.0–107.0) 104.5 (93.5–109.5) .247
WHR 0.81 (0.78–0.87) 0.87 (0.83–0.93) .094
Ferriman-Gallwey score 0 (0–2) 14 (10–18) < .001
Ovarian volume (cc) 4.3 (2.9–5.6) 8.0 (5.4–9.9) .037

Metabolic measurements
Fasting
Glucose (mg/dl) 76.0 (72.2–85.7) 82 (72.2–95.7) .563
Insulin (µ UI/ml) 10.5 (7.1–12.6) 10.3 (8.9–14.1) .488
HOMA-IR 1.9 (1.3–2.3) 2.1 (1.8–2.5) .386
Triglycerides (mg/dl) 162.5 (105.7–187.5) 151.5 (140.2–190.7) .644
Cholesterol (mg/dl) 203.0(166.7–219.7) 173.0 (159.2–184.0) .013
HDL-cholesterol (mg/dl) 46.4 (35.6–51.0) 41.2 (33.7–47.0) .644
LDL-cholesterol (mg/dl) 176.4(156.8–210.3) 165.2 (143.6–174.8) .033

Post-load
2 h glucose (mg/dl) 90.0(86.2–118.0) 118.5 (105.7–136.2) .028
2 h insulin (µUI/ml) 49.5 (35.6–95.1) 98.5 (57.9–159.4) .057
AUC glucose (mg/dl) 12,660(11,257–15,836) 15,360 (14,047–16,924) .057
AUC insulin (µUI/ml) 5617(4253–9082) 10,165 (9343–17,890) .007
ISIcomposite 5.7 (3.8–6.7) 3.5 (2.7–4.1) .006

Serum sex steroids
Testosterone (ng/ml) 0.47 (0.34–0.57) 0.56 (0.35–0.77) .272
Androstenedione (ng/ml) 1.69 (1.14–2.28) 2.77 (1.70–3.51) .028
Estradiol (pg/ml) 32.62(14.18–59.12) 27.01 (23.76–36.09) .729
Estrona (pg/ml) 36.60(31.80–50.20) 41.60 (36.00–61.70) .309
17-OHP (ng/dl) 0.74 (0.49–1.13) 1.31(0.84–1.76) .149
SHBG (nmol/l) 88.53(50.98–110.57) 49.67 (27.43–89.17) .057
FAI 2.00 (1.15–3.10) 3.73 (1.25–9.39) .119

Body composition
DXA
Arms tissue fat (%) 35.7 (23.1–42.2) 40.3 (29.8–45.5) .204
Legs tissue fat (%) 38.6 (30.3–45.6) 35.3 (32.8–38.9) .583
Trunk tissue fat (%) 41.2 (31.8–44.6) 45.8 (35.2–51.0) .088
Total tissue fat (%) 40.0 (30.3–41.9) 40.4 (33.4–46.2) .488
Arms fat (kg) 2.2 (1.2–2.6) 3.1 (2.4–4.0) .021
Legs fat (kg) 7.9 (5.7–10.5) 8.5 (7.6–9.5) .488
Trunk fat (kg) 11.7 (8.6–14.1) 15.9 (13.1–19.7) .043
Total fat (kg) 22.9 (17.2–27.4) 28.2 (24.4–33.3) .106
Arms lean (kg) 4.0 (3.7–4.5) 4.4 (3.7–5.0) .386
Legs lean (kg) 12.9 (11.3–14.7) 14.4 (12.1–15.6) .273
Trunk lean (kg) 19.0 (16.7–20.3) 20.7 (18.2–22.8) .149
Total lean (kg) 38.8 (35.3–43.0) 44.0 (37.4–45.5) .149

MRI
Subcutaneous volume (l) 3.1 (2.7–4.2) 3.6 (2.4–4.9) .553
Visceral volume (l) 1.2 (0.7–2.0) 1.7 (1.1–2.5) .166
Visceral/Subcutaneous
ratio

0.3 (0.2–0.4) 0.4 (0.3–0.5) .149

BMI: body mass index, WC: waist circumference, HC: hip circumference, WHR: waist to hip ratio, AUC: area under the curve, SHBG: sex hormone binding globulin, FAI: free
androgen index (FAI= [T×3.467]×100/SHBG). DXA (dual X-ray absorptiometry), MRI (magnetic resonance imagimg). Data are expressed as median and interquartile
range. p < .05 was considered significant.
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2.6. Immunohistochemistry

Immunohistochemistry was performed on dewaxed 5 μm serial
sections. To detect total resident macrophages, pro-inflammatory and
anti-inflammatory macrophages, sections were immunostained with
specific antibodies: mouse anti human CD68 monoclonal antibody
(1:800. Dako. M0814) to detect total macrophages, rabbit anti mouse
iNOS polyclonal antibody (1:100. Thermo Fisher. PA1-21,054) and
rabbit anti human arginase I polyclonal antibody (1:100. Santa Cruz. H-
52) to detect pro-inflammatory and anti-inflammatory macrophages,
respectively. Briefly, sections were treated with citrate buffer (10mM,
pH 6.0) for 20min in a steamer and left to cool at room temperature.
Then, they were incubated for 30min with H2O2 and incubated over-
night at 4 °C with primary antibody. Corresponding horseradish per-
oxidase (HRP) enzyme-conjugated anti mouse or rabbit polyclonal an-
tibodies (1:500. Jackson Immuno Research) were incubated for 2 h at
room temperature. Finally, sections were counterstained with hema-
toxylin and mounted with Entellan (Merck). Control experiments were
performed in the absence of primary antibodies. Macrophages were
counted by double blind procedure using ImageJ software.

2.7. Statistical evaluation

Data are expressed as median and interquartile range. Normality
was assessed by the Kolmogorov-Smirnov test, showing a non-normal
distribution of the data. Differences between groups were evaluated
using the Mann-Whitney test. Spearman correlation analysis was used
to evaluate the relationships among variables of interest. The effect of
BMI on continuous variables was evaluated using multivariate analysis.
Spearman correlation was also adjusted by BMI. The analyses were
performed with IBM SPSS 23.0 program. A p-value of< .05 was con-
sidered statistically significant.

3. Results

3.1. Clinical and biochemical parameters

Clinical and biochemical results are shown in Table 1. Both groups
of women were comparable in age, weight, BMI and WHR. Ferriman-
Gallwey score, waist circumference and ovarian volume were higher in
PCOSw compared to Cw. Regarding metabolic parameters, Cw ex-
hibited higher total and LDL cholesterol compared to PCOSw. PCOSw
showed higher post-load glucose concentrations, higher AUC of insulin
and lower ISI composite, reflecting higher insulin secretion and lower
insulin sensitivity. After adjusting for BMI, only ISI composite remained
significantly different (p= .012). Serum androstenedione level was
higher in PCOSw compared to Cw. No differences were observed in 17-
OHP, testosterone, estrone and estradiol between groups.

3.2. Body composition

Regarding skinfold thickness evaluated by a body caliper, PCOSw
exhibited higher suprailiac skinfold compared to Cw (30 [27–36] vs 20
[12–27] mm, p= .033), whereas the abdominal, bicipital, tricipital and
subescapular skinfolds were similar between groups. After adjusting for
BMI, the suprailiac skinfold remained different between groups
(p= .031).

DXA and MRI analyses are shown in Table 1. PCOSw exhibited
higher arms and trunk fat mass amount. After adjusting for BMI, these
parameters were comparable between groups. Total and regional lean
masses were similar between Cw and PCOSw. Finally, MRI showed no
differences in VAT and SAT volumes, nor in its ratio in PCOSw com-
pared to Cw.

3.3. Serum adipocytokine levels

There were no differences between Cw and PCOSw in circulating
levels of adipocytokines (Table 2). However, the leptin/adiponectin
ratio was higher in PCOSw than in Cw (p= .034). After adjusting for
BMI, this difference was not significant.

3.4. Gene expression

The relative amount of ADIPOQ (p= .033) was lower and the LEP/
ADIPOQ mRNA ratio (p= .028) was higher in PCOSw compared to Cw.
After adjusting for BMI, only this last parameter remained different
between groups (p= .027). No differences were observed in the mRNA
expression of IL6, LEP, CCL2, TNFA or AR (Fig. 1).

3.5. Adipose tissue characteristics

Adipose tissue characteristics are shown in Table 2. PCOSw showed
a higher mean adipocyte area (p= .015), with adipocytes 49% larger

Table 2
Serum concentration of cytokines and subcutaneous adipose tissue parameters in control
women (Cw) and women with polycystic ovary syndrome (PCOSw).

Cw PCOSw p
(n= 12) (n= 12)

Serum cytokines
IL-6 (pg/ml) 3.8 (1.6–4.7) 2.7 (1.9–6.2) .916
MCP-1 (pg/ml) 308(183–348) 291 (178–368) .622
TNF (pg/ml) 3.2 (1.5–7.5) 3.9 (2.1–4.3) .743
Adiponectin (µg/ml) 18.2(9.8–31.4) 12.0 (8.2–17.7) .123
Leptin (ng/ml) 9.7(6.1–29.6) 18.1 (12.4–22.5) .250
Leptin/Adiponectin ratio 0.4 (0.3–1.2) 1.1 (1.0–2.1) .034

Adipocyte parameters
Adipocyte area (µm2) 5543(5328–6309) 8235 (6901–8625) .015
Total macrophages (mm2) 17 (7–22) 29 (20–38) .051
Pro-inflammatory macrophages

(mm2)
26 (13–35) 34 (28–43) .143

Anti-inflammatory macrophages
(mm2)

8 (0–13) 0 (0–19) .353

LEP/ADIPOQ gene expression
ratio

1.07(0.64–1.42) 1.84 (1.08–2.54) .028

Androgen receptor gene
expression (2−DDCT)

1.0 (0.8–1.3) 0.7 (0.5–0.9) .214

Data are expressed as median and interquartile range. p < .05 was considered
significant.

Fig. 1. Adipocytokine messenger RNA expression of subcutaneous adipose tissue in
control women (Cw) and women with polycystic ovary syndrome (PCOSw). p < .05 was
considered significant.
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than Cw. Moreover, there was a trend to higher density of total mac-
rophages (CD68 positive) in the PCOS group (p= .051), without dif-
ferences in proinflammatory or anti-inflammatory macrophages. After
adjusting for BMI, adipocyte area and density of total macrophages
were significantly higher in PCOSw (p= .004 and p= .015, respec-
tively).

3.6. Correlation analysis

In PCOSw, adiponectin serum concentration was positively correlated
with adiponectin gene expression in SAT (r=0.609, p= .047), and ne-
gatively correlated with AUC of insulin (−0.791, p= .004); these cor-
relations were not found in Cw. No correlation between serum con-
centration and gene expression was observed in the other adipocytokines.

In both groups of women, BMI was positively associated with trunk
fat mass amount evaluated by DXA (r= 0.860, p < .001 in Cw and
r= 0.769, p= .003 in PCOSw). In this regard, only in Cw, BMI and
trunk fat mass were positively correlated with both SAT and VAT vo-
lumes. We found no correlation between leptin or adiponectin serum
levels and BMI or parameters of body adiposity in Cw or PCOSw.
Nevertheless, in PCOSw trunk fat mass was negatively correlated with
adiponectin gene expression, which was not maintained after correction
by BMI.

Interestingly, SAT mean adipocyte area was positively correlated
with trunk fat mass in PCOSw and negatively in Cw (Fig. 2). Both
correlations were lost after correction by BMI. Moreover, mean adipo-
cyte area was positively correlated with testosterone serum con-
centration and with VAT volume evaluated by MRI only in PCOSw
(Fig. 2). These correlations were maintained after correction by BMI
(p= .042 and p= .039, respectively).

4. Discussion

In the present study, we analyzed the morphology and physiology of
SAT in women with PCOS, finding an increased leptin to adiponectin
ratio in serum and in tissue, more infiltration of macrophages and en-
larged adipocytes. The latter correlated with the degree of hyperan-
drogenism and with the amount of VAT.

In general, it has been observed that SAT is more important than
VAT in adipocytokine production [18]. Therefore, it is likely that SAT
could be the main responsible for levels of circulating adipokines,
especially adiponectin. Similar to that found by Lecke et al. [19], we
observed a positive correlation between serum concentrations and
mRNA levels of adiponectin in tissue. Therefore, we confirmed that SAT
production of adiponectin seems to be the main determinant of serum
adiponectin levels, as previously described [20].

Circulating leptin to adiponectin ratio has been described as a good

marker of the inflammatory state in PCOS and a better reflection of the
adipocyte secretory function than isolated adipokine levels [21]. We
observed that this parameter was increased in both SAT and serum from
PCOSw. Interestingly, in tissue this association was independent of BMI,
while in circulation it was influenced by BMI, indicating that circulating
concentrations of adiponectin and leptin can also be modulated by post-
transcriptional mechanisms and by local environment [4]. In turn, the
lower mRNA expression of ADIPOQ without differences in the gene
expression of LEP, IL6, CCL2 or TNFA in SAT of women with PCOS,
observed in the present study and in previous ones [12], indicates that
gene expression of adiponectin rather than other adipocytokines is in-
fluenced by the PCOS condition.

It has been reported that variations in fat cell size in obesity may
have an important impact on adipose tissue function [22]. Our study
shows that SAT of women with PCOS has enlarged adipocytes, with a
mean area 49% greater than controls. In this regard, it has been pro-
posed that under metabolic stressors, such as obesity and androgen
excess, the process of adipose tissue expansion is altered causing adi-
pocyte hypertrophy [23]. According to this observation, we found that
the adipocyte area was positively correlated with testosterone serum
concentrations but not with body weight in PCOS women. Androgens
do not modify preadipocyte proliferation but they do inhibit their dif-
ferentiation [24]. In this regard, it has been observed that androgens
inhibit adipocyte differentiation [24] but promote their growth [3],
contributing to the process of adipose tissue expansion [25]. This ob-
servation is probably valid within certain conditions, because andro-
gens have a pleiotropic effect depending on androgen levels and body
weight [26].

In addition to the effect of androgens on adipose tissue, estrogens
also influence the distribution and function of adipose tissue through
binding to their specific receptors [27,28]. Adipose tissue is considered
to be the major source of circulating estrogens after the gonads, and the
contribution made by adipose tissues to total circulating estrogens in-
creases with advancing age and weight [29,30]. The conversion of
androgens to estrogen is mediated by aromatase, a cytochrome P450
enzyme; this process occurs in extragonadal tissues [31]. While in the
reproductive period estradiol is the predominant estrogen, during the
perimenopause estrone is the main estrogen [32]. Wang et al. inferred
that an imbalance between androgens and estrogens observed in the
PCOS condition could disturb the normal function and enzyme gene
expression of adipose tissue [33], reaching mildly masculinized char-
acteristics [34,35]. In the present study, estradiol and estrone serum
concentrations were similar in women with and without PCOS. How-
ever, it cannot be ruled out that in the adipose tissue, some difference
could be observed. In fact, it has been observed that estrone con-
centration in adipose tissue is several times higher than its circulating
levels [36–38].

Fig. 2. Bivariate correlations between adipocyte area of subcutaneous adipose tissue and trunk fat mass (A), testosterone serum concentration (B) and visceral adipose tissue (C) in control
women (Cw) and women with polycystic ovary syndrome (PCOSw). r: Spearman's correlation coefficient. p < .05 was considered significant.
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SAT has a limited capacity to increase its mass safely. When it
reaches its maximum capacity, there is an imbalance with accumulation
in non-SAT and other organs and tissues; among them, VAT could be
affected. This is known as the hypothesis of adipose tissue expand-
ability. The concept implies that there is a “metabolic setpoint”, which
could be affected by high concentrations of insulin and androgens [39].
Then, individuals with larger adipocytes in SAT have a lower capacity
for further lipid storage, so the subsequent excess of fat may be stored in
VAT, liver and skeletal muscle [40] with the consequent development
of metabolic disorders [41]. In this sense, in our study we observed that
only in the PCOS there was a positive correlation between size of
subcutaneous adipocytes and visceral fat content, which supports the
aforementioned phenomenon.

It is interesting to mention that hypertrophic adipocytes are more
susceptible to inflammation, apoptosis, fibrosis and release of free fatty
acids, and are associated with higher macrophage infiltration [11,42].
In this context, we found that the total macrophage density in SAT was
higher in women with PCOS independent of BMI. Although there is still
no consensus on this issue, a recent study demonstrated that PCOS is
associated with an increase in the density of macrophages, especially of
a proinflammatory phenotype. We did not observe significant differ-
ences in pro- or anti-inflammatory macrophage density, probably due
to the sample size.

Regarding adipocyte function, it has been suggested that large
adipocytes are characterized by reduced production and secretion of
adiponectin compared with small newly differentiated adipocytes [43].
Manneras-Holm et al. found enlarged adipocytes in Swedish PCOSw
associated with reduced adiponectin secretion and lower insulin sen-
sitivity [5]. In our study, mean adipocyte size was not correlated with
serum adiponectin concentrations. However, both increased mean
adipocyte size and low adiponectin expression were found in PCOS
women.

Apparently, body fat distribution is even more important than total
amount of fat in terms of developing metabolic complications.
Regarding fat distribution, we observed higher trunk fat mass accu-
mulation in women with PCOS evaluated by DXA. Although this
method is not able to distinguish between SAT and VAT, both con-
tributions are metabolically deleterious [44]. Moreover, we did not find
differences in SAT or VAT volume evaluated by MRI between PCOS and
control women, similar to that observed by Barber et al. in obese
British/Irish premenopausal women with and without PCOS [45]. It has
been reported that in women with PCOS, there is an increased accu-
mulation of adipose tissue in abdominal depots [6], predisposing them
to the development of metabolic diseases such as IR and diabetes [46]
or to a higher risk for metabolic sequelae [44]. Although in both control
and PCOS women, BMI was positively associated with trunk fat mass
amount, we observed different characteristics of the SAT in each group.
In PCOSw, there was a positive correlation between trunk fat mass
amount and size of subcutaneous adipocytes; on the contrary in control
women, trunk fat mass was negatively associated with adipocyte size.
These observations suggest that the mechanism behind obesity in PCOS
women is related with hypertrophy of adipose cells rather than with
hyperplasia, as might be occurring in control women [5]. In this con-
text, it has been suggested that depot differences in the degree of hy-
pertrophic vs. hyperplastic expansion of adipose tissue in obesity, have
an impact on adipose tissue function [47], accounting for a different
regulation between women with and without PCOS which could be
modulated by a different microenvironment, by changes in the enzy-
matic pathways and by a genetic and epigenetic background.

Differential expansion and protein expression between SAT and VAT
are mutually regulated and probably in normal conditions they remain
in balance. As stated before, in women with PCOS we found a positive
correlation between the size of subcutaneous adipocytes and both the
amount of VAT and the serum testosterone level, which together could
be interpreted as follows: testosterone promotes the growth of mature
subcutaneous adipocytes to their maximum potential and impairs the

differentiation of pre-adipocytes to new mature adipocytes, then VAT
may have to expand to take care of the increase in lipid overload not
managed by SAT and finally divert triglycerides towards the liver and
portal circulation [48]. The higher volume of VAT may be the result of a
limited expansion or overload of SAT in PCOS women. Therefore, some
of the characteristics of the subcutaneous and visceral adipose tissues in
PCOS, as well as the way in which both tissues are interrelated, could be
attributed, in part, to sex steroids and obesity.

Hyperinsulinism and dyslipidemia are characteristics of the PCOS
condition [49–51]. In the present study, PCOSw showed higher insulin
secretion and lower insulin sensitivity; however, Cw exhibited higher
total and LDL cholesterol levels compared to PCOSw. It has been de-
monstrated that the PCOS condition presents an intrinsic insulin re-
sistance which is independent of BMI [52]. However, the lipid profile
depends on other factors such as eating habits and physical exercise. In
this regard, in the Chilean population obesity is reaching values over
60% in adulthood, mainly due to an increase in poor eating habits
coupled with a very sedentary lifestyle [53]. On the other hand, many
of the PCOS women are more aware of the disease and its deleterious
consequences, so they care more about their nutrition.

A limitation of this study is the reduced number of participants,
mainly due to a low rate of adherence to the biopsy procedure.
However, within the advantages is that both groups of women have
similar age and BMI, were diagnosed in our laboratory with the same
criteria in their early reproductive age.

5. Conclusion

Our results show that, SAT from premenopausal PCOS women is
dysfunctional, showing an imbalance in expression and secretion be-
tween leptin and adiponectin, enlarged adipocytes and increased
macrophage infiltration. In a novel way, we found that the increased
mean adipocyte size in SAT was associated with higher serum testos-
terone concentration, VAT volume and trunk fat mass amount, probably
reflecting a reduced expandability of SAT caused by androgens and
increasing the burden on VAT. These findings suggest that androgens
contribute to adipose tissue dysfunction and to metabolic derangements
of PCOS.
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