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Context: Adipose tissue macrophage (ATM) infiltration is a major pathway for obesity-induced
insulin resistance but has not been studied as a mechanism for insulin resistance in PCOS.

Objective: We tested whether polycystic ovary syndrome (PCOS) is associated with increased ATM
infiltration, especially of inflammatory subtype identified by the CD11c marker.

Design and Setting: We conducted a case-control study at an academic medical center in the United
States.

Participants and Interventions: Fourteen PCOS and 14 control women of similar age and body mass
index (BMI) underwent a gluteal fat biopsy. Markers of ATM, integrins, TNF-�, and adiponectin,
were analyzed by quantitative RT-PCR using a standard curve method. Crown-like structures (CLS)
were identified by immunohistochemistry. Abdominal magnetic resonance imaging and fre-
quently sampled iv glucose tolerance test were performed to assess abdominal fat and insulin
sensitivity (SI).

Main Outcome: Women with PCOS were compared with control women of similar age and BMI for
ATM markers, CLS density, adipose tissue expression of inflammatory cytokines and adiponectin,
SI, and abdominal fat depots.

Results: Women with PCOS had an increase in CD11c expression (P � 0.03), CLS density (P � 0.001),
�5 expression (P � 0.009), borderline increase in TNF-� expression (P � 0.08), and a decrease in
adiponectin expression (P � 0.02) in gluteal adipose tissue. Visceral (P � 0.009) and sc abdominal
fat (P � 0.005) were increased in PCOS. SI was lower in PCOS (P � 0.008).

Conclusions: PCOS is associated with an increase in CD11c expression and CLS density and a decrease
in adiponectin expression in sc adipose tissue. Additionally, PCOS is associated with higher central
abdominal fatdepots independentofBMI.Thesealterationsarepresentamongmostlynonobesewomen
and could represent mechanisms for insulin resistance. (J Clin Endocrinol Metab 98: E17–E24, 2013)

Polycystic ovary syndrome (PCOS) is the most common
endocrinopathy in reproductive-age women and the

leading cause of diabetes mellitus type 2 (DM2) and dys-

lipidemia in this population (1). This heightened risk for
DM2 and metabolic disorders in PCOS is related to the
presence of insulin resistance (2). It has been shown that

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2013 by The Endocrine Society
doi: 10.1210/jc.2012–2697 Received July 6, 2012. Accepted October 2, 2012.
First Published Online November 8, 2012

Abbreviations: ATM, Adipose tissue macrophage; BMI, body mass index; CLS, crown-like
structure; DI, disposition index; DM2, diabetes mellitus type 2; FSIGT, frequently sampled
iv glucose tolerance test; MRI, magnetic resonance imaging; PCOS, polycystic ovary syn-
drome; SI, insulin sensitivity index.
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nonobese women with PCOS have the same degree of in-
sulin resistance as obese reproductively normal women (3,
4). Furthermore, obesity exacerbates the insulin resistance
associatedwithPCOSso thatobesewomenwithPCOSare
more insulin resistant compared with reproductively nor-
mal women of the same body mass index (BMI) (3, 4). The
mechanisms for insulin resistance in PCOS are not well
understood (2).

Recently, adipose tissue inflammation has been recog-
nized as a major pathway for development of insulin re-
sistance in obesity (5, 6). Obesity is characterized by ad-
ipose tissue macrophage (ATM) infiltration especially of
inflammatory subtypes that are the source of inflamma-
tory cytokines associated with insulin resistance (7–10).
These inflammatory macrophages cluster around dead
adipocytes in crown-like structures (CLSs), and CLS den-
sity correlates strongly with the degree of obesity and in-
sulin resistance (11). In humans, weight loss after bariatric
surgery has been associated with a 40% reduction in ATM
infiltration accompanied by improvements in insulin sen-
sitivity (12). The inflammatory macrophages in humans
are characterized by CD11c expression, whereas CD206,
CD14, and CD 163 are considered to be nonspecific mac-
rophage markers (11). Not all obese humans have an in-
crease in inflammatory ATM infiltration (13), and the fac-
tors that regulate ATM infiltration in obesity have not
been well characterized. Furthermore, higher ATM den-
sity has been reported in obese men compared with obese
women, raising the possibility that sex hormones may play
a factor in ATM infiltration (11, 39). Because women with
PCOS have higher androgen levels, we tested the hypoth-
esis that PCOS is associated with increased inflammatory
ATM infiltration characterized by an increase in adipose
tissue CD11c expression. This potential novel mechanism
for insulin resistance has never been explored in PCOS.

Additionally, we examined whether PCOS is associ-
ated with an increase in sc and visceral abdominal fat
depots that are associated with increased risk for insulin
resistance and metabolic disorders (14). Visceral fat is
a strong surrogate for fat accumulation in ectopic lo-
cations such as liver, skeletal muscle, and pancreas (14).
Ectopic fat accumulation accounts for the majority of
harmful effects of obesity (13–15). Obese individuals
who do not deposit their excess fat in such locations do
not suffer the metabolic consequences usually attrib-
uted to obesity (15–17). To study the independent im-
pact of PCOS from obesity, PCOS and control women
were of similar BMI, and the majority of women in-
cluded in both groups were nonobese.

Subjects and Methods

Subjects
Twenty-eight premenopausal women with (n � 14) and with-

out (n � 14) PCOS were recruited for the study. Most women
with PCOS (n � 11) and all of the control women were recruited
from local advertisements. Three women with PCOS were re-
cruited from the endocrinology clinic at University of Illinois.
The diagnosis of PCOS was based on the National Institutes of
Health criteria and defined by presence of oligomenorrhea
(fewer than six menses per year) and biochemical hyperandro-
genism based on elevated total or bioavailable testosterone levels
(18). Thyroid hormone abnormalities, hyperprolactinemia, and
nonclassical congenital hyperplasia due to 21-hydroxylase defi-
ciency were excluded by appropriate laboratory testing in all
women with PCOS. All control women had normal menstrual
cycles, no evidence of androgen excess, and normal levels of
dehydroepiandrosterone and total and bioavailable testoster-
one. Subjects were excluded if they were younger than 18 yr old
or older than 40 yr old, were pregnant or lactating, or had any
chronic disease including diabetes, hypertension, or psychiatric
disorder. None of the subjects were receiving any cholesterol or
antihypertension medications. None of the women have received
any oral contraceptive or other form of hormonal contraception
for at least 3 months before their participation. None of the
women had received metformin or thiazolidinedione for at least
1 month before their participation in the study. The study was
approved by the institutional review board at University of Illi-
nois, and all subjects signed written informed consent before
their participation in the study.

Data collection
All women were studied at the clinical research center at the

University of Illinois and underwent a history and physical exam
by a physician investigator that included detailed menstrual and
medical history as well as assessment for hirsutism and other
signs of hyperandrogenism and insulin resistance. Standardized
forms were used to obtain medical history including information
on exercise habits and alcohol and tobacco use. Height, weight,
and waist measurements were determined on all subjects. A
morning blood sample was obtained after an overnight fast from
all subjects and included measurements of total and bioavailable
testosterone, sex hormone binding globulin, glucose, insulin and
adiponectin.

Determination of insulin sensitivity
A frequently sampled iv glucose tolerance test (FSIGT) was

performed in the morning after 3 d of 300-g carbohydrate pre-
paratory diet and a standard overnight fasting period of 10 h to
study insulin sensitivity. All subjects had two iv catheters in-
serted, one in each arm, and were then allowed to rest for 30 min.
At 0 min, glucose (0.3 g/kg) was injected over 1 min; at 20 min,
insulin was injected at 0.02 U/kg over 20 sec. Blood samples were
drawn at �15, �10, �5, �1, 0, 2, 3, 4, 5, 8, 10, 12, 14, 16, 19,
22, 23, 24, 25, 27, 30, 40, 50, 60, 70, 90, and 100 min and every
20 min thereafter until 180 min. The insulin sensitivity index (SI)
was calculated by application of the minimal model of glucose
kinetics (MINMOD computer program Millennium version,
copyright R. N. Bergman) to the dynamics of plasma glucose and
insulin during the FSIGT (19, 20). The SI is a more sensitive
measure of insulin sensitivity compared with fasting insulin lev-
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els (19, 20). The acute insulin response to glucose was calculated
as the increment area under curve from basal insulin values mea-
sured at 2–10 min and disposition index (DI) (�-cell compensa-
tion index) as the product of SI and acute insulin response to
glucose (19, 20).

Determination of body composition and
abdominal fat depots

Subjects underwent abdominal magnetic resonance imaging
(MRI) scans in the supine position on a 3-T whole-body scanner
(Signa HDxt; General Electric Healthcare, Milwaukee, WI) us-
ing a body coil with the protocol detailed previously (21). On
each subject, an axial scan was performed using a gradient echo
pulse sequence with water suppression to obtain a fat-only im-
age, followed by two additional acquisitions at the same loca-
tions, one with lipid suppression to obtain a water-only image
and the other without any suppression to serve as an anatomic
reference. In all acquisitions, a total of five slices (slice thick-
ness � 4 mm) were obtained with the central slice at the L3 level.
The field of view was 36–40 cm2, depending on the patient size.
With a matrix size of 256 � 256, the in-plane resolution was
between 1.40 and 1.56 mm. From the fat-only (If) and water-only
(Iw) images, the fat signal intensity ratio, If/(If �Iw), was calcu-
lated on a pixel-by-pixel basis, producing a map of fat signal
intensity ratio. Using the calibration curve obtained from a pre-
vious phantom study, this ratio was converted to a quantitative
fat percentage value (21). Fat volume in the visceral and sc re-
gions was analyzed using AnalyzeDirect, Inc. (Stilwell, KS), and
expressed as cubic centimeters.

In addition to MRI-based measurement, fat quantity was also
determined by total-body dual-energy x-ray absorptiometry us-
ing Hologic QDR 4500 (Bedford, MA). Total fat quantity and
quantity of fat in trunk area were measured.

Subcutaneous adipose tissue biopsy
The study was performed after an overnight fast and 3 d of

300-g carbohydrate diet. Adipose tissue was obtained from glu-
teal region through a small incision after using 1% lidocaine for
local anesthesia (22). Adipose tissue was immediately placed in
liquid nitrogen for later RNA extraction and stored at �80 C
(22) or fixed in 10% neutral-buffered formalin for immunohis-
tochemical staining.

Laboratory methods
Total testosterone was measured by turbulent flow liquid

chromatography mass spectrometry that has an assay sensitivity

of 1.0 ng/dl at Quest Diagnostics (Wood Dale, IL). Bioavailable
testosterone was calculated based on constants for the binding of
testosterone to SHBG and albumin. SHBG was measured by
extraction, chromatography, and RIA, and albumin was mea-
sured by spectrophotometry. Plasma glucose was collected in a
fluoride/oxalate tube and analyzed using spectrophotometry. In-
sulin was measured by a chemiluminescent sandwich immuno-
assay measuring down to 2 �U/ml. Serum adiponectin levels
were measured using ELISA kits from Alpco (Salem, NH).

Expression of ATM, inflammatory markers, and
adiponectin in sc adipose tissue

Macrophage infiltration and expression of inflammation
markers and adiponectin in adipose tissues were measured by
quantitative RT-PCR according to the previously published
method (23). Briefly, total RNA was extracted using an RNeasy
lipid tissue kit (QIAGEN, Valencia, CA) (24). First-strand cDNA
is synthesized using random hexamer primers according to the
manufacturer’s instructions (Fermentas, Hanover, MD). Real-
time PCR was performed on each sample in triplicates using the
Mx3000p quantitative PCR system (Stratagene, La Jolla, CA).
Reactions are carried out in a total volume of 25 �l using Brilliant
II Sybr Green QPCR Master Mix (Stratagene). Primer sequences
are shown in Table 1. Standard curves for this study were gen-
erated using pooled cDNA from two sc adipose tissue RNA sam-
ples (matched for age, gender, and BMI) (Zen Bio, Research
Triangle Park, NC). Relative expression of each gene is normal-
ized to three housekeeping gene (�-actin, RPII, and HPRTI).

Immunohistochemical staining in sc adipose
tissues

Adipose tissues were fixed and embedded in paraffin, and
5-mm-thick consecutive sections were prepared. After antigen
retrieval, adipose tissue sections were stained with anti-CD68
(1:400, ab955; Abcam, Cambridge, MA) and anti-CD11c (1:
200, ab52632; Abcam) primary antibodies on contiguous slides
followed by horseradish peroxidase-conjugated secondary anti-
body. Positive stained cells were visualized with 3,3�-diamino-
benzidine and counterstained with hematoxylin. A CLS was
identified as an adipocyte with more than 50% of its perimeter
surrounded by CD68-positive cells (25). CLS density was defined
as the number of CLSs per 500 adipocytes, with an average 800�
370 adipocytes (16 � 7 high-power fields) counted from each
subject in a blinded fashion. ATMs within CLSs were also pos-
itive for CD11c staining.

TABLE 1. PCR primer set

Genes of interest Sense primer Antisense primer
CD14 GCAGCCGAAGAGTTCACAAG CAGCAGCAGCAACAAGCA
CD11c AGCAGCCACGAACAATTCAC GAGACCTCCACATCCATCCA
TNF-� TTGTTCCTCAGCCTCTTCTCC GGTTTGCTACAACATGGGCTAC
IL-6 AATAACCACCCCTGACCCAAC AATCTGAGGTGCCCATGCTAC
CD206 TGGAGTGATGGTTCTCCTGTTT CTGGTGTTGGCTCAGGTTTT
CD163 CAGGAAACCAGTCCCAAACA AGCGACCTCCTCCATTTACC
Adiponectin CCTGGTGAGAAGGGTGAGAAA AAGTCTCCAATCCCACACTGAA
Integrin �5 GGAGTTCCAAGAGCAGCAAG AGAGCCACGATCCATGAAGA
�-Actin ACTCTTCCAGCCTTCCTTCCT CAGTGATCTCCTTCTGCATCCT
HPRT I CTGAGGATTTGGAAAGGGTGT AATCCAGCAGGTCAGCAAAG
RPII GCGCAAATTCACCAAGAGAG GTGCTGTGGGTACGGATACAA
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Statistical analyses
Mean, SD, medians, and quartiles were used to summarize

data. Data were log transformed if not normally distributed.
Continuous variables were compared by independent t test if
normally distributed and by nonparametric Mann-Whitney U
test if not normally distributed after log transformation. The
distribution of BMI categories between the two groups were
compared by �2 analysis. Correlations were performed using
Spearman’s correlation coefficients. Analyses were performed
using the 18.0 PC package of SPSS statistical software (SPSS, Inc.,
Chicago, IL). P � 0.05 was considered significant.

Results

Baseline clinical and laboratory characteristics of women
with PCOS and control women are summarized in Table
2. The mean age for women with PCOS was 26 � 5 yr,
which was similar to control women at 27 � 6 yr (P �
0.73, Table 2). The mean BMI was 27.2 � 4.1 kg/m2 for
women with PCOS and 25.5 � 3.9 kg/m2 for control
women, differences that were not significant (P � 0.28,
Table 2). The distribution of nonobese, overweight, and
obese was similar between the two groups (P � 0.53):

nonobese (BMI � 25 kg/m2), eight control and five PCOS;
overweight (25 kg/m2 � BMI � 30 kg/m2), four control
and six PCOS; and obese (BMI � 30 kg/m2), two control
and three PCOS. The BMIs of the two obese women in the
control group were 31.5 and 35.2 kg/m2, and the three
obese women with PCOS were 31.0, 33.6, and 36.3 kg/m2.
The mean waist circumference was 78 � 9 cm for women
with PCOS and 77 � 9 cm for control women (P � 0.78,
Table 2). There was no difference in distribution of race/
ethnicity between the two groups (P � 0.70, data not
shown). Only one woman smoked cigarettes in the control
group, very few women in either group drank any alcohol,
and the two groups did not differ in regards to these two
factors or exercise habits (data not shown). As expected,
women with PCOS had significantly higher bioavailable
testosterone compared with control women (P � 0.001,
Table 2) and borderline lower SHBG compared with con-
trol women (P � 0.06, Table 2). Fasting glucose (P � 0.37,
Table 2) and insulin levels (P � 0.81, Table 2) were similar
between PCOS and control women. Women with PCOS
had borderline lower serum adiponectin levels compared
with control women (P � 0.05, Table 2). The SI from
FSIGT was significantly lower in women with PCOS com-
pared with control women (P � 0.008, Table 2). How-
ever, DI, an index of �-cell function, did not differ between
the two groups (P � 0.62, Table 2).

There was no difference in trunk fat between women
with PCOS and control women (P � 0.28, Table 3) but
trunk to total fat ratio was higher in PCOS compared with
controls (P � 0.04, Table 3). Visceral (P � 0.009, Table
3) and sc abdominal (P � 0.005, Table 3) fat depots were
significantly higher in women with PCOS compared with
control women.

Women with PCOS had higher sc adipose tissue ex-
pression of the inflammatory ATMs identified by CD11c
marker (P � 0.03, Fig. 1) as well as higher expression of
�5 (P � 0.009, Fig. 1), an integrin that is expressed on
ATMs (11, 26) and may be involved in stimulation of
inflammatory signaling pathways (27). There were no dif-
ferences between PCOS and control women in expression
of CD14, CD163, and CD206. Women with PCOS also
had borderline increased expression of TNF-� in sc fat
compared with control women (P � 0.08, Fig. 1), but there
was no difference in expression of IL-6 (Fig. 1). Adiponec-

TABLE 2. Baseline characteristics, hormonal
assessment, and measures of insulin sensitivity and
secretion among PCOS and control women

Variable
PCOS

(n � 14)
Control
(n � 14) P

Age (yr) 26 � 5 27 � 6 0.73
BMI (kg/m2) 27.2 � 4.1 25.5 � 3.9 0.28
Waist (cm) 78 � 9 77 � 9 0.78
Bioavailable

testosterone
(ng/dl)

15 � 6 6 � 2 �0.001

SHBG (nmol/liter) 34 � 15 45 � 14 0.06
Fasting glucose

(mg/dl)
79 � 6 81 � 5 0.37

Fasting insulin
(�U/ml)

6 � 4 5 � 2 0.81

Adiponectin (�g/ml) 3.5 � 1.3 4.6 � 1.4 0.05
SI ��10�4 min/

(�U/ml)	
7 � 4 15 � 10 0.008

DI 1893 � 1213 2491 � 2081 0.62

Data are presented as mean � SD. Variables were log transformed if
not normally distributed and compared by unpaired t test. SI is the
index of insulin sensitivity and DI is the index of �-cell function from
FSIGT.

TABLE 3. Comparison of body composition between PCOS and control women

Variable PCOS (n � 14) Control (n � 14) P
Trunk fat 9878 (8254, 13, 085) 7472 (5826, 15, 647) 0.28
Trunk/total 0.44 (0.39, 0.45) 0.38 (0.35, 0.42) 0.04
Visceral (cm3) 450 (312, 895) 230 (157, 337) 0.009
Subcutaneous (cm3) 3020 (2609, 3218) 1772 (1589, 2229) 0.005

Data are presented as median (25th, 75th quartiles) and compared by Mann-Whitney U test.
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tin expression in sc fat was significantly reduced in women
with PCOS compared with control women (P � 0.02, Fig.
1). Women with PCOS also had significant increase in CLS
density identified by staining for both CD68 and CD11c
on contiguous slides compared with control women (P �
0.001, Fig. 2).

CD11c expression was positively correlated to visceral
(P � 0.01, Table 4) and sc abdominal fat depots (P �
0.002, Table 4) and borderline positively correlated to
bioavailable testosterone levels (P � 0.06, Table 4). CLS
density was positively correlated to bioavailable testos-
terone (P � 0.01, Table 4), visceral depot (P � 0.009,
Table 4), sc abdominal fat depot (P � 0.04, Table 4), and
BMI (P � 0.04, Table 4). The SI was negatively correlated

to sc abdominal fat (P � 0.04, Table 4),
borderline negatively correlated with
trunk fat (P � 0.06, Table 4) and vis-
ceral fat (P � 0.09, Table 4), and pos-
itively correlated to adiponectin ex-
pression (P � 0.009, Table 4).

Discussion

This study demonstrates, for the first
time, that PCOS is associated with an in-
crease in CD11c expression and CLS
density in adipose tissue. The accumula-
tion of macrophages in adipose tissue is
the primary feature of the chronic low-
grade inflammatory state frequently ob-
served in obesity (5, 6). The inflamma-
tory ATMs cluster in CLSs around dead
adipocytes and express the CD11c
marker (10, 11). These macrophages are
known to secrete numerous inflamma-
tory cytokines such as TNF-�, IL-6, and
monocyte chemotactic protein-1 that
lead to insulin resistance in peripheral tis-
sues (5, 6). Ablation of CD11c macro-
phages normalizes insulin sensitivity in
obese insulin-resistant mice (28). Re-
cently, there is evidence that dendritic
cells rather than macrophages may be
the source of increased CD11c expres-
sion in adipose tissue (29). Nonethe-
less, adipose tissue CD11c expression
and CLS density are strongly and pos-
itively correlated with the degree of
obesity, insulin resistance and meta-
bolic syndrome in humans (11). Of
note, the increase in CD11c adipose tis-
sue expression and CLS density in

PCOS in our study cannot be attributed to obesity because
women with PCOS had similar BMI compared to control
women, and additionally, the majority were not obese.
Our findings indicate that increased CD11c expression
and CLS density in adipose tissue is a potentially unrec-
ognized mechanism for insulin resistance in PCOS. Fur-
thermore, both findings may be related to hyperandro-
genism because both CD11c expression and CLS density
were positively correlated to bioavailable testosterone
levels.

Consistent with an increased inflammatory state in ad-
ipose tissue of women with PCOS, we also observed an
increase in expression of integrin �5 and a borderline in-

FIG. 1. A, Women with PCOS (n � 14) had significantly higher CD11c expression (*, P �
0.03), �5 expression (**, P � 0.009), and borderline higher TNF-� expression (***, P � 0.08).
Women with PCOS had significantly lower adiponectin expression (*, P � 0.02) compared
with control women. B, Expression of ATM markers (CD14, CD11c, CD206, and CD163),
adiponectin, �5, IL-6, and TNF-� was analyzed by quantitative RT-PCR using a standard curve
method. Relative expression of each gene is normalized to three housekeeping genes (�-actin,
RPII, and HPRTI). Statistical comparisons were made by independent Mann-Whitney U test.
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crease in expression of TNF-�. The differences in TNF-�
expression may have become significant with a larger sam-
ple size. TNF-� expression is increased in adipose tissue of
obese mice (7) and humans (30) and has been shown to
directly induce insulin resistance by inhibiting glucose dis-
posal in peripheral tissues. CD11c macrophages in obese

women have been shown to have high
expression of integrins (11), and integ-
rins such as �5 may be involved in ac-
tivation of inflammatory signaling in
ATMs and adipocytes (27). We did not
detect an increase in the expression of
CD14, CD206, and CD163 macro-
phages that are considered to have less
proinflammatory phenotypes (11).

Expression of the insulin-sensitizing
adipokine adiponectin was reduced in
gluteal adipose tissue from women with
PCOS. Consistent with this finding, we
also detected lower circulating levels of
serum adiponectin in women with
PCOS compared with control women
of similar BMI. Adiponectin is shown
to down-regulate the expression of in-
flammatory cytokines and promote po-
larization of macrophages toward an
antiinflammatory phenotype (31). Al-
ternatively, cytokines such as TNF-�
can reduce adiponectin expression
leading to perpetuation of inflamma-
tion (32). In our study, adiponectin ex-
pression was reduced, whereas TNF-�
expression was borderline increased in
women with PCOS, indicating that the
adipose tissue of these women has a
more inflammatory milieu.

Additional findings of the study in-
clude increased amounts of visceral and sc abdominal fat
in women with PCOS compared to control women of sim-
ilar BMI. Our data are in contradiction to another study
that reported no difference in visceral and sc abdominal fat
in overweight women with PCOS compared with BMI-
matched control women by MRI (33) but are consistent
with previous reports that do show an increase in central
fat in nonobese women with PCOS by dual-energy x-ray
absorptiometry scan (34–36). The difference between the
findings from these studies may be related to the degree of
obesity. In our study, the majority of women were nono-
bese, similar to the study by Carmina et al. (36) who did
detect an increase in central abdominal fat only in nono-
bese women with PCOS. Insulin sensitivity was lower in
women with PCOS based on the SI, which is a more sen-
sitive measure than fasting insulin levels, and this index
was negatively correlated to both sc abdominal and vis-
ceral depots. Androgen excess has been associated with an
increase in central fat depots in women. Increases in ab-
dominal fat depots have been noted in postmenopausal
women after receiving an anabolic steroid with weak an-

FIG. 2. Top, Photomicrograph representative of sc adipose tissue stained for CD68 showing a
CLS in a PCOS subject. Magnification, �40. Crown ATMs also stained positive for CD11c on
contiguous slides (not shown). Bottom, Women with PCOS had significantly higher CLS
density in sc adipose tissue compared with control women (*, P � 0.001).

TABLE 4. Spearman’s correlation coefficients between
CD11c, CLS density, and SI and BMI, waist, trunk fat,
bioavailable testosterone, visceral fat, sc abdominal fat,
and adipose tissue adiponectin expression in women
with PCOS (n � 14) and control women (n � 14)

Variable CD11c CLS SI
BMI 0.32 0.44a �0.19
Waist 0.24 0.14 �0.05
Trunk fat 0.21 0.38 �0.42b

Bioavailable testosterone 0.38b 0.51a �0.28
Visceral fat 0.48a 0.63a �0.43c

Subcutaneous abdominal fat 0.68a 0.52a �0.51a

Adiponectin expression 0.06 �0.24 0.55a

a P � 0.05.
b P � 0.06.
c P � 0.09.
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drogenic activity (37) as well as after administration of
testosterone to female to male transsexuals (38).

The mechanism for the increase in adipose tissue
CD11c expression and CLS density in women with PCOS
remains to be determined. The CLSs were identified by
contiguous staining for both CD11c and CD68, which is
a specific macrophage marker, so the most likely source is
macrophages, although dendritic cells cannot be ruled out
(29). Obesity is an unlikely mediator because most women
were nonobese and similar to control women for BMI. Sex
differences in ATM infiltration have not been well studied,
although in one report, men were found to have higher
ATM density compared with BMI-matched women (39).
In this study,wedidobserveapositive correlationbetween
bioavailable testosterone, CD11c expression, and CLS
density, raising the possibility that hyperandrogenism
may be a contributing factor in this phenomenon. Addi-
tionally, we found positive correlations between both vis-
ceral and sc abdominal fat depots and CD11c expression
and CLS density in gluteal adipose tissue. Adiponectin has
been shown to promote macrophage polarization toward
an antiinflammatory phenotype (31), and adiponectin ex-
pression is reduced with increasing visceral fat (32).

Our study has several limitations. Adipose tissue was
obtained from the gluteal region and not central locations.
Preferential infiltration of ATMs into omental fat has been
well documented (40). However, a greater degree of
CD11c infiltration in sc compared with visceral fat has
also been reported in obese subjects with metabolic syn-
drome (11). Considering that we had planned to study a
nonobese group of women, obtaining visceral fat would
not have been possible. Furthermore, adiponectin expres-
sion is best studied in peripheral adipose tissue, so changes
in gluteal expression may be more pertinent. The fact that
ATM infiltration is increased in gluteal depots highly sug-
gests that similar or greater differences would have been
observed in central depots, which are considered to have
greater metabolic risk. Additionally, the study may have
lacked power to observe some differences in certain mea-
sures such as expression of adipose tissue TNF-�, fasting
insulin levels, and waist circumference.

In summary, we report for the first time, that PCOS is
associated with increased CD11c expression and CLS den-
sity in adipose tissue that appears to be independent of
obesity. Adiponectin expression is also reduced in adipose
tissue of women with PCOS and strongly correlates with
the reduction in insulin sensitivity. Our findings also in-
dicate that nonobese women with PCOS have an increase
in abdominal fat depots that correlate with insulin sensi-
tivity. The mechanisms for increased adipose tissue in-
flammation in PCOS are not well understood and should
be subject to future studies.
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