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Abstract
Objective

High expression of VEGF in ovarian tissue, serum and follicular �uid of PCOS women is involved in the
physiological and pathogenesis processes of PCOS. Our objective was to investigate the effect of sRAGE
on VEGF expression and EGF-like growth factor in PCOS ovarian granulosa cells.

Methods

We collected ovarian granulosa cells of PCOS patients who underwent in vitro fertilization (IVF). Then
treatment ovarian granulosa cells with different concentrations of sRAGE. Levels of VEGF, AREG, BTC and
EREG mRNA were examined by quantitative RT-PCR. The protein levels of VEGF, AREG, BTC and EREG
were measured by ELISA.

Results

Treatment with sRAGE decrease the production of VEGF, and the effects were dependent on the
concentrations of sRAGE ( P <0.05). Simultaneously, the expression of the EGF-like growth factors AREG,
BTC and EREG were decreased, and the expression were dependent on the concentrations of sRAGE ( P
<0.05).

Conclusions

sRAGE may downregulate VEGF expression via EGF-like growth factor pathway in PCOS ovarian
granulosa cells.

Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine and metabolic disorder syndrome in women
of reproductive age, it affects about 6% of women of reproductive age [1]. Although, the pathogenesis of
PCOS still remains unclear, studies suggest that the disorders in regulatory mechanisms of angiogenesis
may play a role in pathogenesis of PCOS. Vascular endothelial growth factor (VEGF) is the most
important member of family of angiogenic factors, which is expressed in the ovary and regulates
angiogenesis in regular follicular growth, ovulation, and the subsequent development and regression of
the corpus luteum [2]. Consistent with increased angiogenesis, several studies have demonstrated
increased VEGF expression in ovarian tissue, serum and follicular �uid of PCOS women [3]. Taken
together, these data suggest that VEGF is involved in the physiological and pathogenesis processes of
PCOS by in�uencing the angiogenesis. Some scholars discover that inhibiting VEGF expression can be
improve ovarian function in women with PCOS[4].

The receptor for advanced glycation end products (RAGE) is a member of the immunoglobulin
superfamily, which is involved in many pathological processes[5]. The soluble receptor for advanced
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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 signaling caused by
the AGE-RAGE axis and is not only a biological marker that re�ects pathological changes, but is also a
protective factor that delays the occurrence of many diseases[6]. Our previous study found that the
follicular �uid sRAGE has a positive correlation with ovarian reservation and decreased in PCOS
compared with women without PCOS[7]. One research supported our point that sRAGE could represent a
biomarker and a potential therapeutic target for ovarian dysfunction in PCOS[8]. Interestingly, we have
found that follicular �uid sRAGE levels were negatively correlated with VEGF in PCOS[9].

EGF-like growth factors, amphiregulin (AREG), betacellulin (BTC), epiregulin (EREG) can bind and activate
epidermal growth factor receptor (EGFR)[10, 11]. EGFR and its ligands are well known to be expressed in
reproductive tissues and to mediate various female reproductive functions[11], they participate in ovarian
function through autocrine and (or) paracrine action. BTC play a role in VEGF regulation in head and neck
squamous carcinoma cells (HNSCCs)[12]. AREG signi�cantly increase VEGF production in the human
granulosa cell line, KGN[13]. These results suggest that AREG, BTC, EREG mediate the production of VEGF.
This year, there is also a research �nding that AREG-EGFR/HER2 partially mediates hCG-induced VEGF
expression in human granulosa cells, suggesting that EGFR factor is the upstream factor of VEGF[14].In
the current study, we aimed to examine the effect of sRAGE on VEGF and EGF-like growth factors AREG,
BTC, EREG expression in PCOS ovarian granulosa cells.

Materials And Methods

Subjects
The subjects in this study were recruited from patients who underwent in vitro fertilization-embryo
transfer (IVF-ET) at our reproductive center. The present study included 10 patients with PCOS diagnosed
according to the Rotterdam criteria[15]. All subjects in the study had no histories of genetic disease,
immune infertility, ovarian surgery, uterine malformation and endocrine disease. All the patients were
younger than 35 years of age and had a BMI between 18 and 25. All study was approved by the Ethics
Committee of the third A�liated Hospital of Zhengzhou University. All the subjects enrolled in the study
gave written formal consent to participate.

Experimental sample collection and determination
Pituitary desensitization was initiated in midluteal phase by subcutaneous injection of a gonadotropin-
releasing hormone agonist (GnRH-a, Decapeptyl, Ferring GmbH, Germany). Gonadotropin (Gn)
stimulation was initiated after standard down regulation with human menopausal gonadotropin (hMG,
Livzon, China) and recombinant FSH (Gonal-f, Merck, Germany) followed by human chorionic
gonadotropin (hCG, Livzon, China) administration based on follicular size. Oocytes were collected by
transvaginal ultrasound-guided puncture 34–36 h later.
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Collection and cultivation of granulosa cells
Follicular �uid was centrifuged at 2000 r/min for 10 min. Phosphate-buffered saline (PBS, 12 ml from
Hyclone, USA) was added to the cells to prepare a single-cell suspension. The suspension was added to a
centrifuge tube containing hydroxypropylmethyl cellulose (Hao Yang Biological Formulation Company,
Tianjin, China) in a 1:1 ratio, followed by centrifugation at 2000 r/min for 30 min. PBS was added to the
white cell layer in a 1:1 ratio, followed by centrifugation at 1000 r/min for 10 min. The cells were placed in
red cell lysis buffer and centrifuged at 1000 r/min at room temperature for one minute. After removal of
the supernatant, the granulosa cells were cultured in a humidi�ed atmosphere containing 95% air and 5%
CO2 at 37℃ in DMEM/F-12 medium supplemented with 10% charcoal/dextran-treated FBS, 100 U/ml
penicillin, 100 µg/ml streptomycin sulfate and 1X Gluta MAX. Cells were plated in 12-well plate at
densities of 5 × 104cells/cm2 with 1 ml of culture medium. After 5 days, the medium was changed to
medium containing 0.5% charcoal/dextrantreated FBS. After another 48 h, sRAGE was added at a
concentration of 0, 0.6, 0.9, or 1.2 µg/mL[16]. Granulosa cells cultured without sRAGE stimulation were
used as the control group. After another 48 h, .quantitative real-time PCR and ELISA were used to detected
mRNA and protein respectively.

Reverse transcription quantitative real-time PCR
Total RNA was isolated from the collected primary granulosa cells using Trizol reagent (Invitrogen, USA)
according to the manufacturer’s instructions. First-strand cDNA was synthesized from 2 µg of total RNA
by reverse transcriptase (Fermentas, Canada). The following primers were used for reverse transcription
quantitative real-time PCR(RT-qPCR): AREG, 5'- TAG AGC ACC TGG AAG CAG TAA C -3' (Forward primer)
and 5'- CCT GAC GTA TTG TCT TCT AAG − 3' (Reverse primer); BTC, 5'- TGC CCT GGG TCT AGT GAT CCT
TC -3' (Forward primer) and 5'- GTG GCC TTT CCG CTT TGA TTG TG -3' (Reverse primer); EREG, 5'- GTT
TCC ATC TTC TAC AGG CAG TC -3' (Forward primer) and 5'- GCA AAC AAT AGC CAT TCA TGT CAG A -3'
(Reverse primer); VEGF, 5'- ATC CAA TCG AGA CCC TGG TG -3' (Forward primer) and 5'- ATC TCT CCT ATG
TGC TGG CC -3' (Reverse primer) and β-actin, 5'- CAC GAT GGA GGG GCC GGA CTC ATC − 3' (Forward
primer) and 5'- TAA AGA CCT CTA TGC CAA CAC AGT − 3' (Reverse primer). The mRNA levels of ARGE,
BTC, EREG and VEGF were determined by RT-PCR (EDC-810, EASTWIN, China). The cDNA was then
ampli�ed in triplicate using SYBR Green/Fluorescein PCR master mix (Fermentas, Canada) and detected
on an ABI Prism 7900 Sequence PCR machine (Illumina, USA). All RT-PCR experiments were performed in
triplicate, and the mean value was used to determine the mRNA levels. Water and mRNA without reverse
transcriptase were used as negative controls. The levels of mRNA relative to β-actin were calculated using
the 2−△△Ct cycle threshold method. All primers were provided by GenScript Company (China branch).

Enzyme-linked immunosorbent assay
The �uid from the �rst large aspirated follicle without blood was collected for ELISA assessments of
VEGF, ARGE, BTC and EREG: Quantikine Human VEGF Immunoassay, Quantikine Human ARGE
mmunoassay, Quantikine Human BTC Immunoassay, and Quantikine Human EREG Immunoassay (R&D
Systems, Minneapolis, MN, USA). The results are given in picograms per milliliter (pg/mL).
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Statistical analysis
Statistical analysis was performed using SPSS software (version 17.0 for Windows; SPSS Inc., Chicago,
IL). The means and standard deviations (mean ± SD) was used to describe variables. Multiple
comparisons were analyzed by one-way ANOVA followed by LSD-t multiple comparison tests. A
signi�cant difference was de�ned as P 0.05.

Results

Exogenous sRAGE decreases VEGF expression in ovarian
granulosa cells
The VEGF mRNA and protein were detected by RT-qPCR and ELISA, respectively. After treating granulosa
cells with different concentrations of sRAGE (0.6 µg/ml, 0.9 µg/ml, or 1.2 µg/ml), VEGF mRNA and
protein levels were both lower compared to untreated granulosa cells, and the effects of sRAGE on VEGF
expression were dose-dependent (Fig. 1).

Exogenous sRAGE decreases ARGE, BTC and EREG
expression in ovarian granulosa cells
The EGF-like growth factors ARGE, BTC and EREG mRNA and protein were detected by RT-qPCR and
ELISA, respectively. After treatment with different concentrations of sRAGE (0.6 µg/ml, 0.9 µg/ml, or
1.2 µg/ml), ARGE, BTC and EREG mRNA and protein levels were both lower compared to untreated
granulosa cells, and the effects of sRAGE on ARGE, BTC and EREG expression were dose-dependent
(Fig. 2).

Discussion
In the present study, we treatment PCOS ovarian granulosa cells with difference concentration of sRAGE,
and examined the expression of VEGF and EGF-like growth factors AREG, BTC and EREG. Our results
show that sRAGE decrease the production of VEGF and EGF-like growth factors AREG, BTC and EREG,
and the effects were dependent on the concentrations of sRAGE. It demonstrated that sRAGE may
downregulate VEGF expression via EGF-like growth factor pathway in PCOS ovarian granulosa cells and
sRAGE may play a potential protective role in polycystic ovary syndrome.

AGE-RAGE axis can activate p21 RAS, MAPK (p38), PI3K, NF-kB and other cell signaling molecules,
contribute to angiogenesis, apoptosis and in�ammatory response processes[17]. In PCOS ovaries, AGEs
and RAGE were stronger displayed in the granulosa cell layer compared to healthy ovaries[18]. To date,
emerging evidences have supported that PCOS was related to hyperandrogenism, insulin resistance and
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chronic in�ammation[19]. Our previous study shown that sRAGE concentrations were decreased in the
follicular �uid of PCOS patients, and these sRAGE were inversely associated with VEGF, TNF-α, IL-6, and
CRP protein levels[9]. According to Boulanger, the activation of AGEs-RAGE axis in human peritoneal
mesothelial cells can induce the release of VEGF and subsequently the formation of capillary tubes, while
anti-receptor for AGEs (RAGE) antibody reduced capillary tube formation[20]. As a decoy receptor for
AGEs, sRAGE can block multiple cell signaling pathways induced by AGE-RAGE aixs. Psoriasin (S100A7)
increases the expression of VEGF through the RAGE pathway and promote endothelial cell proliferation,
however treatment with sRAGE inhibited endothelial cell proliferation and tube formation enhanced by
recombinant psoriasin[21]. In the present study, we demonstrated that sRAGE reduced the expression of
VEGF mRNA and protein in a dose-dependent manner in PCOS granulosa cells. Culturing human
esophageal cancer cells with the administration of 0.2 ug/ml sRAGE for 24 h, sRAGE signi�cantly inhibit
the proliferation of esophageal cancer cells and VEGF-C expression[22]. Moreover, Emman found that
treatmeng human umbilical vein Vascular endothelial cells (HUVECs) with 50 ng/ml sRAGE for 30
minutes, the amount of VEGF mRNA was signi�cantly reduced[21].

EGF-like growth factor AREG, BTC and EREG is the upstream regulators of VEGF, regulate the production
of VEGF. Recombinant human AREG has been shown stimulated FLS to proliferate and produce VEGF in
a dose-dependent manner in patients with rheumatoid arthritis [23]. In addition, BTC upregulate VEGF
expression by activation of EGFR in HNSCCs, it also demonstrated that EGFR and c-erbB-2 signaling
pathway(s) plays a role in VEGF regulation in HNSCCs[13]. In the female reproductive system, EGF-like
growth factor and its receptor EGFR is widely expressed in ovarian tissue, and involved in female
reproductive function[12]. In the menstrual cycle, LH peak induce EGF-like growth factor AREG, BTC and
EREG transient increase, and these three factors have LH-like effect, inhibite AREG, BTC and EREG
pathway can block LH signaling pathway[24]. As we all know, LH peak can promote the expression of
VEGF in theca cells and luteinized granulosa cells [25]. AREG signi�cantly increase VEGF production in the
human granulosa cell line, KGN [14].

In the present study, we found that sRAGE reduced the expression of AREG, BTC and EREG in a dose-
dependent manner in PCOS ovarian granulosa cells. Many studies have shown that sRAGE inhibits
in�ammatory responses and oxidative stress. Moreover, overexpression of soluble RAGE in mesenchymal
stem cells enhances their immunoregulatory potential for cellular therapy in autoimmune arthritis,
indicating that sRAGE has no toxicity to cells[26]. Taken together, sRAGE reduced EGF-like growth factors
AREG, BTC and EREG expression while simultaneously reducing VEGF production in PCOS ovarian
granulosa cells, as AREG, BTC and EREG are upstream regulators of VEGF, so these results demonstrated
that sRAGE downregulates VEGF expression via EGF-like growth factor pathway in PCOS ovarian
granulosa cells. The mechanisms underlying the effects of sRAGE on EGF-like growth factor and VEGF
expression involve speci�c factor-mediated signaling pathways. In immortalized human granulosa cells,
SVOG, treatment with AREG, BTC, or EREG upregulated COX-2 expression, the AREG-, BTC-, and EREG-
induced COX-2 expression in turn contributed to PGE2 production[27]. The expression PGE2 and VEGF are
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closely related, both of which are important factors for regulating angiogenesis and vascular
permeability. In human granulosa cells PGE2 can promote the expression of VEGF, involved in the
regulation of angiogenesis of the pathological ovary[28]. AGE-bovine serum albumin increased production
of COX-2 and PGE2, while sRAGE reduced AGE-stimulated COX-2 and PGE2[29]. Taken together, these
evidences implicating the involvement of PGE2 in the regulation of VEGF expression mediated by sRAGE.
So far did not see the reports that whether sRAGE could reduce in�uence PGE2 synthesis through AREG,
BTC and EREG, subsequently inhibiting the production of VEGF in PCOS granulosa cells, it is necessary to
further study.

In conclusion, sRAGE downregulates VEGF expression via EGF-like growth factor pathway in PCOS
ovarian granulosa cells. However, the underlying molecular mechaisms is not very clear. Next, we will
investigate wether sRAGE could downregulate VEGF through EGF-like growth factors AREG, BTC and
EREG induced PGE2 pathway in PCOS ovarian granulosa cells. Furthmore, we will investigate the effects
of sRAGE on VEGF in granulosa cells, tissues, and animals. We will also verify whether sRAGE is
protective against the occurrence and development of PCOS. From the new perspective of sRAGE, we
want to provide further new ideas for the prevention and treatment of PCOS.

List Of Abbreviations
PCOS  polycystic ovarian syndrome

AGEs  advanced glycation end products

RAGE receptor for advanced glycation end products

sRAGE          solube isoform of the receptor for AGEs

VEGF  vascular endothelial growth factor

EGF   epidermal growth factor receptor

AREG  amphiregulin

BTC   betacellulin

EREG  epiregulin

TNF-α,           tumour necrosis factor-α

IL-6    interleukelin-6

CRP    C-reactive protein

IVF-ET          in vitro fertilization-embryo transfer
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Figures

Figure 1

The direct effects of sRAGE on the expression and secretion of VEGF in ovarian granulosa cells isolated
from patients with polycystic ovarian syndrome (PCOS). (A) VEGF mRNA levels were decreased by
approximately 0.2-, 0.5-,and 0.8-fold in granulosa cells treated with 0.6, 0.9, and 1.2µg/mL sRAGE,
respectively, compared with untreated granulosa cells (1.349±0.347 0.817±0.163 0.472±0.101vs
0.321±0.106, F=24.70, P 0.05). The differences between each pair of groups were signifcant (P<0.05). (C)
VEGF protein levels were decreased by approximately 0.3-, 0.7-, and 0.8-fold in granulosa cells treated
with 0.6, 0.9, and 1.2µg/mL sRAGE, respectively, compared with untreated granulosa cells
(154.821±18.653, 108.194±13.196, 90.123±12.137vs67.948±11.033, F=68.902, P 0.05). The differences
between each pair of groups were signifcant (P<0.05). VEGF mRNA and protein levels were detected by
RT-PCR and ELISA, respectively. sRAGE, soluble receptor for advanced glycation end products; VEGF,
vascular endothelial growth factor.
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Figure 2

The effect of the EGF-like growth factor signal pathway on VEGF induction by sRAGE. (A) ARGE mRNA
levels were decreased in granulosa cells treated with 0.6, 0.9, and 1.2µg/mL sRAGE, compared with
untreated granulosa cells (1.244±0.330, 0.701±0.187, 0.394±0.141 vs 0.284±0.117 , F=20.84 P 0.05). (B)
ARGE levels were decreased in granulosa cells treated with 0.6, 0.9, and 1.2µg/mL sRAGE, compared with
untreated granulosa cells (429.09±58.16, 326.11±30.27, 171.47±17.98 vs 146.67±10.00, F=150.69 P
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0.05). (C) BTC mRNA levels were decreased in granulosa cells treated with 0.6, 0.9, and 1.2µg/mL sRAGE,
compared with untreated granulosa cells (1.133±0.184 0.636±0.146 0.369±0.197 vs 0.215±0.109,
F=30.61 P 0.05). (D) BTC levels were decreased in granulosa cells treated with 0.6, 0.9, and 1.2µg/mL
sRAGE, compared with untreated granulosa cells (5.04±0.38, 4.26±0.27, 2.43±0.20 vs 1.96±0.16,
F=306.12 P 0.05 ). (E) EREG mRNA levels were decreased in granulosa cells treated with 0.6, 0.9, and
1.2µg/mL sRAGE, compared with untreated granulosa cells (1.086±0.196 0.572±0.184 0.320±0.125 vs
0.187±0.117, F=31.06 P 0.05). (F) EREG levels were decreased in granulosa cells treated with 0.6, 0.9,
and 1.2µg/mL sRAGE, compared with untreated granulosa cells (258.41±42.74, 222.98±14.92,
102.03±6.14 vs 93.36±8.32 , F=130.55 P 0.05). ARGE, BTC and EREG mRNA and protein levels were
detected by RT-PCR and ELISA, respectively. sRAGE, soluble receptor for advanced glycation end products;
ARGE, amphiregulin; BTC, betacellulin; EREG, epiregulin.


