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Abstract

Purpose To explore the relationships between the soluble re-
ceptor for advanced glycation endproducts (SRAGE) and the
outcome parameters following in vitro fertilization-embryo
transfer (IVF-ET) in patients with polycystic ovary syndrome
(PCOS) and investigate the protective effect of SRAGE in
PCOS development regarding inflammation.

Methods We conducted a prospective analysis of a subsample
of 74 participants from the Reproductive Medical Center of
the First Affiliated Hospital of Zhengzhou University. We
quantified sSRAGE, vascular endothelial growth factor
(VEGF), tumor necrosis factor (TNF-«), interleukelin-6 (IL-
6), and C-reactive protein (CPR) protein levels in the follicular
fluid from 39 PCOS and 35 non-PCOS reproductive-age
women. SRAGE and VEGF, TNF-«, IL-6, and CRP in follic-
ular fluid aspirated without blood were measured by ELISA.

Results SRAGE concentrations in the follicular fluid were sig-
nificantly lower in the PCOS group compared to those in the
control group, while VEGF, TNF-«, IL-6, and CRP concen-
trations were significantly higher in the PCOS group than in
the control group (P<0.05). sSRAGE was significantly,

Capsule sSRAGE could be a potential target in the pathophysiology of
PCOS in human
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inversely correlated with the total dose of gonadotropin (Gn)
in the PCOS group undergoing IVF treatment (r=-0.451,
P=0.004). After adjusting for age and Gn dose (in interna-
tional units used per cycle), SRAGE protein levels in the fol-
licular fluid were significantly, inversely related to VEGF
(r=—0.378, P=0.018), TNF-ox (r=-0.450, P=0.004), IL-6
(r=—0.455, P=0.004), and CRP (r=-0.375, P=0.019).
Conclusion sSRAGE in the follicular fluid might exert a pro-
tective effect against the inflammatory action of PCOS
development.

Keywords sRAGE - Inflammation - Human reproduction -
PCOS - Therapy

Introduction

Polycystic ovarian syndrome (PCOS) is one of the main
causes of female infertility with an incidence rate of 5—12 %.
PCOS is characterized by hyper-androgenism, polycystic ova-
ries, oligoovulation, and chronic anovulation [1]. Although
the etiology of PCOS is unknown, imbalances between pro-
inflammatory and anti-inflammatory pathways play a role in
the pathogenesis of PCOS [2].

Among the emerging pro-inflammatory molecules that are
elevated in patients with PCOS, advanced glycation endproducts
(AGESs) increase due to hyper-glycemia, oxidative stress, and
insulin resistance [3, 4]. Many of the effects of AGEs are elicited
by their receptor, i.e., the receptor for advanced glycation
endproducts (RAGE), which is a member of the immunoglobu-
lin superfamily. RAGE levels are increased in patients with dis-
eases that activate extracellularly regulated protein kinases
(ERKSs) and nuclear factor kB (NF-kB) pathways and generate
pro-inflammatory cytokines, such as tumor necrosis factor
(TNF-w), interleukelin-6 (IL-6), and C-reactive protein (CPR)
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leading to cellular dysfunction and involvement in many patho-
logical processes [5, 6]. The soluble receptor for advanced
glycation endproducts (SRAGE) is an extracellular form of
RAGE that is missing the cytosolic and transmembrane domains.
SRAGE acts as a decoy that interrupts adverse intracellular sig-
naling caused by the AGE-RAGE axis and is not only a biolog-
ical marker that reflects pathological changes, but is also a pro-
tective factor that delays the occurrence of many diseases [7].

The involvement of AGE-RAGE in the inflammatory re-
sponse results in perturbations of the ovarian microenvironment
and PCOS has reached a consensus [8]. But, the relationship of
SRAGE and inflammatory factors is controversial. Romero et al.
believed that increased amniotic fluid concentrations of SRAGE
were positively associated with inflammation in patients with pre-
term labor [9], while Rzepka et al. [10] observed a negative trend
for SRAGE and CRP in plasma, and they concluded that high
SRAGE concentrations could avoid premature labor. Additionally,
the role of SRAGE in patients with PCOS is unclear. Recently,
scholars, such as Merhiet et al., first reported that SRAGE was
positively correlated with ovarian reserve [11], while PCOS is
accompanied by an inflammatory response and decreased ovarian
function. In the present study, we compared sSRAGE concentra-
tions in the follicular fluid samples of women with and without
PCOS and explored the role of SRAGE in PCOS.

Materials and methods

All patients provided informed consent and the study was ap-
proved by the institutional review boards of all of the institutions.

Subjects

The control group consisted of 35 patients who were infertile
due to tubal factors, and the PCOS group consisted of 39
patients with PCOS (as diagnosed according to the
Rotterdam criteria) [12]. We excluded women with diabetes,
chronic kidney disease, and complications, such as chronic
metabolic diseases and endometriosis [13—16]. The cycle de-
terminants included age, FSH/LH, body mass index (BMI),
total gonadotropin (Gn) dose in international units used per
cycle, the number of days of stimulation, the number of oo-
cytes retrieved, the rate of high-quality embryos, and the nor-
mal fertilization rate. SRAGE decreases in women older than
35 years old and women with BMIs >25 [17]; thus, only
patients <35 years old with BMIs >18 and <25 were included.
The general data in the two groups are shown in Table 1.

Experimental sample collection and determination
Pituitary desensitization began in the mid-luteal phase via sub-

cutaneous injections of a GnRHagonist (Decapeptyl, Ferring
GmbH, Germany). Gn stimulation began after attaining the
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standards of downregulation with human menopausal Gn
(hMG, Livzon, China) and recombinant FSH (Gonal-f, Merck,
Germany) and was followed by human chorionic gonadotrophin
(hCG, Livzon, China) administration based on follicular size.
Oocytes were collected via transvaginal, ultrasound-guided
puncture 34-36 h later. The fluid from the first large aspirated
follicle without blood was collected for ELISA assessments of
sRAGE, vascular endothelial growth factor (VEGF), IL-6,
TNF-«, and CRP: Quantikine Human RAGE Immunoassay,
Quantikine Human VEGF Immunoassay, Quantikine Human
IL-6 Immunoassay, Quantikine Human TNF-& Immunoassay,
and Quantikine Human CRP Immunoassay (R&D Systems,
Minneapolis, MN, USA). The results are given in picograms
per milliliter (pg/mL).

Statistical analysis

The statistical analyses were performed with SPSS12.0 software
package (SPSS Inc., Chicago, IL) for Windows. The means and
standard deviations (means + SDs) were used to describe the var-
iables. Student’s # tests or Mann—Whitney U tests were applied
for single comparisons between the PCOS and control groups.
Pearson’s or Spearman correlation coefficients were used to ex-
amine the relationships between the follicular fluid SRAGE
levels and clinical parameters, including age, BMI, and the num-
ber of stimulation days. Univariate and multivariate linear regres-
sions were performed to examine the relationships between fol-
licular fluid SRAGE levels and the total Gn dose, numbers of
oocytes retrieved, normal fertilization rate, rate of high-quality
embryos, and experimental data (including VEGF, IL-6, TNF-«,
and CRP levels in the follicular fluid). A probability value of
P<0.05 was considered significant.

Results

Follicular fluid SRAGE concentrations in the PCOS group
were lower than those of controls

The follicular fluid concentrations of SRAGE in the PCOS and
control groups are presented in Fig. 1. The follicular fluid
sRAGE concentrations were measured in 35 participants in the
control group (mean age 28.40+2.982 years, mean BMI 21.013
+1.692) and 39 participants in the PCOS group (mean age
27.670+3.263 years, mean BMI 22.049+2.169). The follicular
fluid sSRAGE concentrations were significantly different between
the two groups (P<0.005; Student’s  test followed by an F test,
666.753+233.153 pg/mL, n=39 in the PCOS group, and
1518.608 £872.130 pg/mL, n=35 in the control group).

The follicular fluid concentrations of VEGF, TNF-«, IL-6,
and CRP in the PCOS and control groups are presented in
Fig. 1. The concentrations of these factors were significantly
higher in the PCOS group compared to the control group
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Table 1 BMI and the levels of

reproductive hormones and Characteristics PCOS (n=39) Control (n=35) P value

metabolic parameters in the

PCOS and control groups (mean Age (year) 27.670+3.263 28.400+2.982 0.339

+8D) BMI (kg/m?) 22.049+2.169 21.013+1.692 0.072
LH/FSH 1.739+0.671 0.841+0.308 0.000
T (ng/mL) 0.217+1.293 0.115+0.077 0.003
E; (pg/mL) 27.836+23.10 23.901+19.122 0.174
Total dose of Gn (IU) 1221.154+£278.612 1916.429+648.710 0.008
Oocytes retrieved (1) 17.770+5.234 14.690 +8.543 0.001
Duration of stimulation (days) 10.0£1.733 11+0.952 0.281

Note that the values are presented as the means+ SDs. Student’s # or Mann—Whitney U tests were applied for
single comparisons between the PCOS and control group. BMI body mass index, Gn gonadotropin

(P<0.005; Student’s ¢ tests followed by F tests, VEGF
155.761+£23.314 vs. 110.955+21.838, TNF-« 42.636
+7.726 vs. 21.136+£9.266, 1L-6 29.932+5.148 vs. 17.327
+6.495, and CRP 9.249+1.385 vs.5.839+1.382).

The follicular fluid SRAGE levels in the PCOS group were
inversely correlated with the Gn dose

We determined whether SRAGE levels in the follicular fluid in
the PCOS group were correlated with the age, BMI, total Gn
dose, number of days of stimulation, number of oocytes re-
trieved, and number of high-quality embryos. The results are
presented in Table 2.

Pearson’s and Spearman’s correlation coefficients were cal-
culated to determine whether follicular fluid SRAGE levels
were correlated with clinical parameters, such as age, BMI,
and days of stimulation. Follicular fluid sSRAGE concentration
was not correlated with age.

Univariate and multivariate linear regressions were per-
formed to examine the relationships between follicular fluid

[
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Fig. 1 The follicular fluid concentrations of SRAGE, VEGF, TNF-, IL-
6, and CRP in the PCOS and the control groups. a SRAGE concentrations
in the follicular fluid were measured with ELISA. The sRAGE
concentrations in the follicular fluid were lower in the PCOS group
than in the controls (666.753 +233.153 vs. 1518.608 +872.130;
P=0.000). b VEGF, TNF-«, IL-6, and CRP levels in the follicular
fluid were measured with ELISA. VEGF, TNF-«, IL-6, and CRP

sRAGE levels and total Gn dose, number of days of stimula-
tion, number of oocytes retrieved, and number of high-quality
embryos. The multivariate analysis was adjusted for age,
BMI, and day 3 FSH. Higher follicular fluid sSRAGE protein
levels in the PCOS participants were associated with lower
total Gn doses (international units used per cycle; r=—0.451,
P=0.004). After adjusting for age, BMI, day 3 FSH, and Gn
dose (international units used per cycle), the follicular fluid
sRAGE concentration did not correlate with the number of
oocytes retrieved (r=-0.037, P=0.831), the normal fertiliza-
tion rate (»=0.026, P=0.739), or the rate of high-quality em-
bryos (r=0.119, P=0.407).

Follicular fluid SRAGE concentration was inversely
correlated with follicular fluid VEGF, TNF-«, IL-6,
and CRP protein concentrations

The relationships between follicular fluid SRAGE in the
PCOS group and VEGF, TNF-«, IL-6, and CRP protein are
presented in Fig. 2. After adjusting for age and Gn dose

E3 PCOS
EZ3 Control

concentrations in the follicular fluid were higher in the PCOS group
than in the controls (155.761+23.314 vs. 110.955+21.838, 42.636
+7.726 vs. 21.136+£9.266, 29.932+5.148 vs. 17.327£6.495, and
9.2494+1.385 vs. 5.839+1.382, respectively; P<0.05). sSRAGE soluble
isoform of the receptor for advanced glycation endproducts, VEGF
vascular endothelial growth factor, TNF-« tumor necrosis factor o, IL-6
interleukelin-6, and CRP C-reactive protein
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Table 2 Correlations between
the follicular fluid sSRAGE protein

concentration and other clinical
parameters

Variable r P value
FF sRAGE (pg/mL) Age 0.134 0.417
BMI -0.192 0.242
Days of stimulation —0.104 0.523
Total Gn dose -0.451 0.004
Oocytes retrieved -0.037 0.831
Normal fertilization rate 0.026 0.739
Number of high-quality embryos 0.119 0.407

Note that Pearson’s or Spearman’s rank correlation coefficients were calculated using the follicular fluid SRAGE
levels and each clinical parameter, such as age or BMI. Univariate and multivariate linear regressions were
performed to examine the relationships between follicular fluid SRAGE level and total Gn dose, number of days
of stimulation, number of oocytes retrieved, and number of high-quality embryos. BMI body mass index, Gn

gonadotropin

(international units used per cycle), the follicular fluid SRAGE
protein levels were significantly, inversely correlated with
VEGF (r=-0.378, P=0.018; Fig. 2a), TNF-a (r=-0.450,
P=0.004; Fig. 2b), IL-6 (r=-0.455, P=0.004; Fig. 2¢), and
CRP (r=-0.375, P=0.019).

Discussion

In the present study, we quantified the follicular fluid SRAGE
protein concentrations and determined whether SRAGE corre-
lated with inflammatory proteins in patients with PCOS.
Inflammation is involved in the pathogenesis of PCOS and
its associated complications [18]. Follicular fluid SRAGE
was inversely correlated with follicular fluid VEGF, TNF-«,
IL-6, and CRP protein. We also analyzed the relationship be-
tween follicular fluid SRAGE and IVF-ET outcome parame-
ters, such as the number of oocytes retrieved, the normal fer-
tilization rate, and the number of high-quality embryos,
among the PCOS participants. The results were not significant
with one exception. Higher follicular fluid SRAGE protein
levels were associated with lower total Gn doses (international
units used per cycle).

During the past two decades, emerging evidence has sup-
ported the essential contribution of AGE-RAGE to increased
oxidative stress and inflammation. These processes perturbate
the ovarian microenvironment and may cause infertility [2].
According to Merhiet et al. [11], high follicular fluid SRAGE
correlates with elevated ovarian reserve as measured by AMH
[19]. This finding corroborates the notion that sSRAGE might
play a protective role in the follicular environment [20].
However, other scholars have reached the opposite conclu-
sion. In one study, intrafollicular sSRAGE was inversely asso-
ciated with embryo development [21]. In present study, the
mean sSRAGE concentrations in the control group were more
than double the concentrations in the PCOS patients. The
follicular fluid sSRAGE levels were significantly decreased in
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the PCOS group, but the mechanism and effects remained
unclear.

The present study recruited 35 reproductive aged women
with tubal factor infertility. Patients with tubal inflammation
cannot be excluded, which may affect the levels of inflamma-
tion in follicular fluid. As the results showed that SRAGE
protein levels in follicular fluid were significantly, inversely
related to the inflammatory factor, we speculated that the fol-
licular fluid sSRAGE levels were lower in patients with tubal
inflammation. We found the mean sSRAGE concentrations in
the control group were more than double the concentrations in
PCOS patients, so the difference might be more pronounced
between PCOS patients and non-tubal factor patients. SRAGE
decreased in women with a BMI of greater than 25 [17], so
only patients with BMIs <25 were included. As there is a
documented negative correlation between the SRAGE levels
and BMI [22], sSRAGE might be lower in the obese PCOS
patients. Therefore, even though the present results may not
be generalizable to all PCOS patients, the SRAGE differential
between PCOS and non-PCOS patients may be greater than
indicated. As decreased sRAGE is involved in the develop-
ment of many diseases [23-25], we predict that decreased
sRAGE plays a role in the mechanism of PCOS.

After adjusting for age, BMI, day 3 FSH, and Gn dose
(international units used per cycle), follicular fluid sSRAGE
was not associated with the number of oocytes retrieved, the
normal fertilization rate, or the number of high-quality embry-
os, but higher follicular fluid sSRAGE protein levels in the
PCOS group were associated with lower total Gn doses (in-
ternational units used per cycle). Our previous research
showed that follicular fluid SRAGE protein levels were nega-
tively related to the total dose of Gn international units used
per cycle and positively related to the number of oocytes re-
trieved in patients without PCOS. This suggested that SRAGE
may be beneficial to the reproductive environment and, hence,
reproductive potential. In PCOS, higher sSRAGE levels were
associated with lower total Gn doses, predicting that higher
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Fig. 2 The relationships between a
SRAGE and VEGF, TNF-«, IL-6,
and CRP in the follicular fluid
from the PCOS group. Follicular
fluid SRAGE, VEGF, TNF-«, IL-
6, and CRP concentrations in
follicular fluid were measured
with ELISA. sRAGE was
significantly, inversely correlated
with VEGF (r=-0.378,
P=0.018) (a), TNF-«
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(r=—-0.450, P=0.004) (b), IL-6 500
(r=-0.455, P=0.004) (c), and
CRP (r=-0.375, P=0.019) (d).
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receptor for advanced glycation
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sRAGE still supported good reproductive potential in PCOS
patients. As we know, the units of Gn used for patients with
lean PCOS have to be reduced to avoid ovarian hyperstimula-
tion syndrome (OHSS). Another possible explanation for this
result could be that decreased SRAGE plays a role in the causes
and mechanism of PCOS. Even if the levels of SRAGE were
decreased, higher sSRAGE still predicted good ovarian function.

Elevated SRAGE concentrations can reduce the ex-
pression of VEGF [26]. However, Goova et al. found
that SRAGE enhances the expression of VEGF and ac-
celerates skin wound healing [27]. But, the relationship
between sSRAGE and VEGF in follicular fluid of patients
with PCOS remains unclear. In the present study, follic-
ular fluid sRAGE protein levels were significantly, in-
versely associated with VEGF. Accumulating evidence
indicates that VEGF is increased during PCOS and might
play a major role in PCOS pathogenesis and the vascular
changes that occur [28]. Additionally, elevated concen-
trations of follicular fluid VEGF reduces the successful
pregnant rate in assisted reproductive technology [29].
Therefore, the present results provide additional evidence
of the protective role of SRAGE to PCOS and follicular
environment.

Inflammation causes disorders by affecting the hypothala-
mus—pituitary—gonadal axis results in follicular atresia [30].
Recent studies suggest that chronic inflammation is involved
in the pathogenesis of and long-term risk associated with
PCOS. In the present study, TNF-«, IL-6, and CRP levels
were significantly higher in the PCOS group compared to
the control group, and these results support the findings from
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many other studies [31, 32]. SRAGE inhibits the effect of
RAGE, which can inhibit the expression of inflammatory cells
and inhibit the inflammatory reaction mediated by an injury
[16, 33]. Romero et al. believed that patients with preterm
labor have increased amniotic fluid concentrations of
sRAGE, and these levels are positively associated with
intraamniotic infection and inflammation [9]. However, there
are many reports which do not support this. A study by
Malickova et al. [34] showed that women with significantly
higher SRAGE were more likely to conceive. Rzepka et al.
[10] observed a negative trend for SRAGE and CRP plasma
levels in a group with preterm premature rupture of mem-
branes, and they concluded that high SRAGE concentration
can be a favorable prognostic factor in the presence of symp-
toms of threatened premature labor. In the present study, fol-
licular fluid SRAGE protein levels were significantly, inverse-
ly related to TNF-¢, IL-6, and CRP. Accordingly, we surmise
that SRAGE may act as a protective factor (from the perspec-
tive of inflammation) to prevent the occurrence of PCOS.

In conclusion, SRAGE concentrations were decreased in the
follicular fluid samples from PCOS patients, and these concen-
trations were inversely associated with VEGF, TNF-«, 1L-6,
and CRP protein levels. Next, we will investigate the effects
of sSRAGE during direct interventions affecting inflammatory
factors in granulosa cells, tissues, and whole animals. We will
also verify whether sSRAGE is protective against the occurrence
and development of PCOS. From the new perspective of
sRAGE, we want to reveal the mechanism of the occurrence
and development of PCOS and provide further new ideas for
the prevention and treatment of this syndrome.
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