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Background: Polycystic ovary syndrome (PCOS) is a common gynecological disease characterized by chronic oligoanovulation,
clinical/biochemical hyperandrogenism, polycystic ovaries, and insulin resistance. Accumulating evidence has
shown that PCOS-related ovarian dysfunction is the main cause of anovulatory infertility. Clomiphene citrate
(CQ) is the first-line therapy for PCOS patients; however, approximately 15-40% PCOS patients are resistant to
CC treatment. It has been demonstrated that PCOS is a chronic pro-inflammatory state, as some pro-inflam-
matory cytokines were elevated in the peripheral circulation of PCOS patients, but whether altered inflamma-
tory cytokines expression in PCOS patients is associated with blunted response to CC remains unknown.

Material/Methods: We recruited 44 CC-resistant PCOS patients, along with 55 age and body mass index (BMI)-matched CC-sensitive
PCOS patients. Ovulation was induced by administrating 50-100 mg/day CC on days 5 to 9 of each menstrual
cycle. The cytokine profiles were detected by cytokine antibody microarrays and further validated by ELISAs.

Results: CC-resistant patients had higher levels of high-sensitivity C-reactive protein (hsCRP) than the CC-sensitive indi-
viduals. A growth factor, angiopoietin-2, was significantly reduced [1.64 (0.93-1.95) vs. 1.08 (0.85-1.34), p<0.05],
while a chemokine CXCL-16 was significantly increased (9.10+2.35 vs. 10.41+2.82, p<0.05) in CC-resistant pa-
tients compared to the CC-sensitive subjects. CXCL-16 was positively correlated with hsCRP (r=0.33, p<0.01).
Logistic regression analysis showed that angiopoietin-2 and CXCL-16 are associated with CC resistance.

Conclusions: Circulating cytokines are disturbed in CC-resistant PCOS patients. Altered angiopoietin-2 and CXCL-16 levels
might compromise the responsiveness of the ovary to CC through up-regulating angiogenesis and inflammation.
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Background

Polycystic ovary syndrome (PCOS) is a heterogeneous disease
characterized by chronic oligoanovulation, clinical/biochemi-
cal hyperandrogenism, polycystic ovaries, and insulin resis-
tance [1]. The PCOS-related ovarian dysfunction has emerged
as the main cause of anovulatory infertility [2]. Although sev-
eral approaches are available to induce ovulation in anovula-
tory PCOS women [3], clomiphene citrate (CC) is still consid-
ered the first-line therapy, with lower risk of adverse effects
and lower cost [4]. However, evidence has demonstrated that
approximately 15-40% of PCOS patients do not respond to
CC treatment [5,6], which is termed CC resistance. It has been
reported that PCOS women with obesity, hyperandrogenism,
and insulin resistance are less likely to respond to CC, sug-
gesting these factors could be prominent causes of CC resis-
tance [7-9]. Given the multifaceted pathogenesis of PCOS and
the great heterogeneity in the studied populations, the afore-
mentioned factors cannot fully explain the origin of CC resis-
tance. On the other hand, current strategies of augmenting
therapy with insulin-sensitizing agents such as metformin are
not proving to be sufficient [10,11].

Recently, a growing body of evidence has demonstrated that
PCOS is a low-grade pro-inflammatory state. Some of the pro-
inflammatory cytokines were found to be elevated in the pe-
ripheral circulation of PCOS women [12-14]. Cytokines have
been shown to be directly involved in maintaining the deli-
cate balance of the hypothalamo-pituitary-ovarian axis and in
the maintenance of normal ovarian and menstrual cycles [15].
We thus hypothesized that the dysregulation of cytokines, a
main feature of chronic inflammation in PCOS, may be also
associated with the blunted ovarian response to CC therapy.
The aim of this cross-sectional study was to identify the circu-
lating cytokines that are expressed differently in CC-resistant
and CC-sensitive PCOS women.

Material and Methods

Patients

At the Department of Reproduction Health and Infertility of
the First Affiliated Hospital of Chongging Medical University,
between February 2013 and December 2014, we recruited 44
anovulatory PCOS women determined to no have response to
ovulation induction by CC treatment and assigned them to the
CC-resistant group. We recruited 55 age- and body mass in-
dex (BMI)-matched anovulatory PCOS women who had ovulat-
ed after CC treatment and assigned them to the CC-sensitive
group as control. All the patients recruited met the following
inclusion criteria:

1. Age 20-35 years;
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2. Diagnosis of PCOS (with at least both oligo-amenorrhea and
polycystic ovaries on ultrasonography) based on the 2003
Rotterdam consensus [16].

3. Fasting blood glucose levels <7.0 mmol/L and a 2-h glucose
levels <11.1 mmol/L following a 75-g oral glucose tolerance
test (OGTT);

4. Follicle-stimulating hormone (FSH) and thyroid-stimulating
hormone (TSH) levels within normal ranges;

5. No intake of the hormone medications (including oral con-
traceptives) within the past 2 months or of medicines that
affect insulin sensitivity (e.g., metformin or thiazolidinedio-
nes) within the past 3 months;

6. No male-related infertility or tubal causes of infertility.

Each subject of the present study provided signed consent.
The study was approved by the Ethics Committee of the First
Affiliated Hospital of Chongging Medical University.

Ovulation induction

All participants were induced to ovulate by giving 50 mg/day
CConday 5 to 9 of a spontaneous or a progestin-induced men-
strual cycle. Ovulation was observed by vaginal B-ultrasound
(GE Voluson E8, Zipf, Austria) on days 11 to 14 of the men-
strual cycle, and progesterone level was measured on day 21
of the menstrual cycle. If there was no dominant follicle (size
<10 mm in diameter) observed and the progesterone level
was <5 ng/ml after 1 cycle of CC treatment, 100 mg/day CC
was used on the same days of subsequent cycles. The max-
imum dose of CC used in our hospital was 100 mg/day due
to the nature of the Asian population [9,17]. The duration of
follow-up for all patients was at least 3 treatment cycles. The
CC-resistant group was defined as those who failed to ovulate
in response to CC treatment after 3 cycles. The patients who
ovulated after at least 1 of 3 cycles of CC treatment were de-
fined as CC-sensitive.

Clinical and Biochemical measurements

BMI was calculated as the ratio between weight in kilograms
and the square of height in meters (kg/m?). BMI >28 kg/m?
was referred to as obesity [18]. A blood sample was collected
from each patient on day 3 of the first menstrual cycle (before
the initiation of CC treatment), following overnight fasting. An
OGTT was performed after overnight fasting on all patients.
Plasma glucose was measured by the Glucose Oxidase meth-
od (Mindray, Shenzhen, China). Fasting plasma insulin, total
testosterone, FSH, and TSH were determined by chemilumi-
nescence (Beckman, CA, USA). The plasma levels of high-sen-
sitivity C-reactive protein (hsCRP) were measured by immuno-
turbidimetry on the autoanalyzer (HITACHI 7180, Ichige, Japan).
Insulin resistance (IR) was estimated by Homeostasis Model
Assessment of IR (HOMA-IR), which was calculated using the
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Figure 1. Cytokine antibody microarray slides used to detect cytokines secreted by CC-sensitive (CC-S) and CC-resistant (CC-R) women
with PCOS. A set of 3 human cytokine antibody microarray slides, which tests up to 174 cytokines, was used and probed
with fasting plasma. This figure illustrates the representative microarrays of CC-S and CC-R patients. Highlighted cytokines

are differentially secreted between the 2 groups.

formula FPG (mmol/L)x fasting insulin (uIU/ml)/22.5. Patients
with HOMA-IR >2.0 were considered as having IR [17].

Cytokine antibody microarray

Screening for circulating cytokines secreted by CC-sensitive
or CC-resistant patients was performed by hybridizing plas-
ma with antibody-coated glass slides according to the pro-
tocol supplied by the manufacturer [RayBio Human Cytokine
Antibody Array G Series 2000, a kit combining glass slides of
Array G6, G7, and G8 and allowing the simultaneous detection
of 174 cytokines (cat. no. AAH-CYT-2000), for details please re-
fer to http://www.raybiotech.com/manual/Antibody%20Array/
AAH-CYT-2000.pdf (RayBiotech, Inc, Norcross GA, USA)]. Spots
fluorescent signal intensities on slides were quantified by us-
ing a laser scanner [GenePix 4000B (Molecular Devices, LLC,
CA, USA)]. Signals were normalized to internal positive con-
trols present on each slide (Figure 1), and then expressed as
intensity units in each group. The experiments on both groups
were always performed simultaneously.

ELISA

The differentially secreted cytokines between the 2 groups
as identified by cytokine antibody microarrays (p<0.05) were
further validated by ELISA. The assessment of circulating an-
giopoietin-2, urokinase receptor (UPAR), tissue inhibitor of
metalloproteinase-1 (TIMP-1), soluble tumor necrosis factor
receptor-2 (sTNF-R2), adiponectin, CXCL-16, and human epi-
dermal growth factor receptor 3 (ErbB3/Her3) were performed
by using ELISA kits from RayBiotech according to the manu-
facturer’s instructions.

Presentation of the results and statistical analysis

Statistical analysis was performed using SAS 9.13 (SAS Institute,
Cary, NC). Variables are presented as means +SD or median
(interquartile ranges) or number (percentage). Means of con-
tinuous variables were compared using the unpaired t test or
the Wilcoxon 2-sample test. The percentage differences be-
tween groups were compared using y? tests. Univariate logis-
tic regression analysis was performed to evaluate the associ-
ations with response to CC. The differences between groups
were considered statistically significant at p<0.05. For logistic
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Table 1. Clinical and biochemical characteristics of CC-sensitive (CC-S) and CC-resistant (CC-R) women with PCOS.

CC-S (n=55) CC-R (n=44) P value Normal laboratory value
Age (year) 26.35+3.13 26.82+3.47 0.48
CemiGgm) 23024372 23308323 o0
Subjectswith BMI>28,n (%) 6 (1091) 2 (455 os
Total testosterone (ng/m) 058:015 059:017 087 wrs
| Subjects with testosterone 20.75,n (%) 4 (727) 7 (1591) o7
FSH (mIU/ml) 6.40+£1.82 6.10£1.52 0.43 (foll?icl)a_rsl';ise)
CTSH@Um) 258 (163-313) 262 (169-322) 08 035-350
ChsRP(mg) 117 (022-153) 180 (050-238) 0048 000300
COGTT
"""" Fasting glucose (mmoll) ~ 524:037 524089 099 390600
"""" 30-minglucose (mmol/l)  91sxl4e  906:223 o075
"""" 60-minglucose (mmoll)  882:238 9152293  o0ss
"""" 120-min glucose (mmoll) 731199 789t274 o024
"""" Fastinginsulin (uiU/ml) 838 (434-1166) 905 (507-1249) 057 1902300

Subjects with HOMA-IR >2.0, n (%) 20

Data are means +SD or median (interquartile ranges) or number (percentage) for indicated number of subjects in each group.

P values for comparisons between two groups are based on Unpaired t test or Wilcoxon two-sample test or y? test.
BMI — body mass index; FSH — follicle-stimulating hormone; TSH — thyroid-stimulating hormone; hsCRP — high-sensitivity
C-reactive protein; OGTT — oral glucose tolerance test; HOMA-IR — homeostasis model assessment of insulin resistance.

regression analysis, the statistical significance was set as p<0.1
and the 95% Wald confidence intervals (Cl) did not include 1.0.

Results

Characteristics of subjects

As shown in Table 1, the 2 groups of participants were well
matched in terms of age and BMI. There were no significant
differences between the 2 groups in terms of hormonal and
metabolic parameters, as well the proportions of obesity, hy-
perandrogenism, and insulin resistance. Compared to the CC-
sensitive patients, the CC-resistant patients displayed higher
levels of hsCRP, a pro-inflammatory marker.

Cytokine secretion in CC-sensitive and CC-resistant PCOS
patients

Fasting plasma from CC-sensitive and CC-resistant PCOS pa-
tients were subjected to cytokine antibody microarray for pro-
filing 174 human cytokines (Figure 1). The secretory profile of
plasma demonstrated that 7 cytokines — angiopoietin-2, uPAR,
TIMP-1, sTNF-R2, adiponectin, CXCL-16, and ErbB3 — were dif-
ferentially secreted between the 2 groups (Table 2, p<0.05).

These cytokines were further validated in 55 CC-sensitive and
44 CC-resistant individuals by ELISA. The ELISA results con-
firmed that 2 of 7 candidate cytokines were altered in CC-
resistant individuals. Compared to the CC-sensitive group,
the secretion of angiopoietin-2 was significantly reduced in
the CC-resistant group [1.64 (0.93-1.95) vs. 1.08 (0.85-1.34),
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Table 2. Screening secretion of cytokines of CC-sensitive (CC-S) and CC-resistant (CC-R) women with PCOS.

Fluorescence intensity

Cytokines

Angiopoietin-2

uPAR 501.69+27.76
o Twer 284680434961
s 21421420390
A 68648.05£1721.00
. oas 1107.60¢13055
 EbBYMers 345952432081

160.35+£12.56 0.05
C aamese 004
"""""" 243042051 o2
"""""" 169679425446 002
""""" 6563574128093 003
"""""" 15404519484 001
"""""" 2%69326:26628 ool

Fasting plasma of each subject was incubated with the sets of cytokine antibody microarrays like those shown in Figure 1. Cytokine
levels were measured by laser scanner (GenePix 4000B Microarray Scanner), normalized to internal positive controls and expressed as
fluorescence intensity. Only the cytokines, which differed between the two groups of subjects, are shown in the table. Seven cytokines
were differentially secreted between CC-S and CC-R women. Values are presented as means +SD for 4 subjects per group.

UPAR — urokinase receptor; TIMP-1 — tissue inhibitor of metalloproteinase-1; sTNF-R2 — soluble tumor necrosis factor receptor-2;
CXCL-16 — chemokine (C-X-C motif) ligand 16; ErbB3/Her3 — human epidermal growth factor receptor 3.

Table 3. Univariate logistic regression analysis of hsCRP and the
two cytokines in 99 patients for the associations with
CC-resistance.

OR (95% CI) P value

hsCRP 1.28 (0.94-1.75) 0.12
Angiopoietin-2 0.29 (0.12-0.70) <0.01
CXCL16 1.23 (1.03-1.46) 0.02

p<0.05], while CXCL-16 was over-secreted by the CC-resistant
group (9.10+2.35 vs. 10.41+2.82, p<0.05).

Correlation analysis

Pearson correlation analysis showed that CXCL-16 was posi-
tively correlated with hsCRP (r=0.33, p<0.01). Univariate logis-
tic regression analysis further showed that decreased angio-
poietin-2 levels and increased CXCL-16 levels were significantly
associated with the presence of CC resistance (Table 3).

Discussion

Some studies have suggested that serum androgen levels, BMI,
blood glucose, and insulin resistance are associated with CC
resistance. Other researchers have reported that FSH recep-
tor polymorphism at position 680 and basal FSH levels pre-
dict the ovarian response to CC [19]. However, in the present
study, the CC-sensitive and CC-resistant groups had similar

BMI, and showed no significant differences in blood glucose,
insulin levels, total testosterone, or FSH levels before CC treat-
ment. However, the CC-resistant group displayed a higher pro-
inflammatory state, as shown by an increase in hsCRP levels.
This indicates that inflammation might be associated with the
blunted CC response. Therefore, we then focused on investi-
gating the correlation between circulating cytokines and CC
resistance without the interference of obvious hormonal and
metabolic confounding factors.

The regulation of cytokines in the ovary has been described as
promoting processes of follicular growth, steroidogenesis, re-
cruitment, and activation of leukocytes necessary for ovulation
and tissue remodelling during ovulation, luteinization, and lu-
teolysis [20]. Ovulation is regarded as an inflammatory event
that is followed by anti-inflammatory reactions; these process-
es need the coordination of both pro-inflammatory and anti-
inflammatory cytokines [21]. Moreover, cytokines are involved
in both the inhibition and stimulation of follicular responsive-
ness to gonadotrophins [22]. However, the involvement of cy-
tokines in the ovulatory response to CC medication has not
been thoroughly investigated. Serum levels of IL-6 have been
reported to be decreased in anovulatory PCOS women resis-
tant to CC when compared to ovulatory women, suggesting
that low serum IL-6 could be a marker of CC resistance [23].
Another study found that circulating levels of leptin, an ad-
ipokine, were significantly higher in CC non-responders and
could be used to predict CC resistance [8]. Using cytokine anti-
body microarray technology, we investigated 174 human cyto-
kines, including the pro-inflammatory factors, growth factors,
chemokines, anti-inflammatory factors, extracellular matrix
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factors, and adipokines. By subsequently performing ELISA,
we ultimately identified 2 cytokines that had different circulat-
ing levels between the CC-sensitive and CC-resistant patients.
Angiopoietin-2, a growth factor, is decreased in CC-resistant
women, and is also reversely correlated with the presence of
CC resistance as determined by logistic regression analysis.
The angiopoietins, including angiopoietin-1 and angiopoietin-2,
are key regulators of angiogenesis. It is known that angiopoi-
etin-1 is necessary for the recruitment of peri-vascular cells
that lead to the maturation and stabilization of newly devel-
oped capillaries, while angiopoietin-2 acts as a natural antag-
onist of angiopoietin-1, resulting in loosening of the support-
ing cell matrix and destabilization of existing vessels [24]. In
the physiological condition, angiopoietin-2 protein level in the
ovary increases during follicular enlargement and decreases
during maturation of follicles, suggesting that angiopoietin-2
may be critical for follicular development [25,26]. In contrast,
in the pathological PCOS condition, angiopoietin-2 level was
decreased in the ovaries of PCOS rats compared to the nor-
mal controls, resulting in higher ovarian vascularity and ves-
sel stabilization [27]. The compromised angiopoietin-2 ex-
pression in CC-resistant PCOS women suggest that defects of
follicular development and ovulation may result from exces-
sive ovary angiogenesis.
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We also found that CXCL-16 was increased in CC-resistant wom-
en and was positively correlated with CC resistance. Although
the function of CXCL-16 in the ovaries or hypothalamo-pi-
tuitary is still poorly documented, it is known that CXCL-16
plays an important role in initiating and shaping immune-in-
flammatory responses by attracting inflammatory mononu-
clear cells [28]. Consistently, we have found a significant pos-
itive correlation between CXCL-16 and hsCRP, indicating that
CXCL-16-mediated pro-inflammation might also be involved
in regulating CC sensitivity in PCOS patients.

Conclusions

Circulating cytokines are disturbed in CC-resistant PCOS pa-
tients. Altered angiopoietin-2 and CXCL-16 levels might impair
the responsiveness of the ovaries to CC through up-regulating
angiogenesis and inflammation.
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