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Effects of RFRP-3 on an ovariectomized estrogen-primed rat
model and HEC-1A human endometrial carcinoma cells
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Abstract. The hypothalamic peptide gonadotropin inhibi-
tory hormone (GnlIH) is a relatively novel hypothalamic
neuropeptide, identified in 2000. It can influence the
hypothalamic-pituitary-gonadal axis and reproductive func-
tion through various neuroendocrine systems. The present
study aimed to explore the effects and potential under-
lying molecular mechanism of RFamide-related peptide-3
(RFRP-3) injection on the uterine fluid protein profile of
ovariectomized estrogen-primed (OEP) rats using proteomics.
In addition, the possible effects of RFRP-3 on the viability
and apoptosis of the human endometrial cancer cell line
HEC-1A and associated molecular mechanism were investi-
gated. The OEP rat model was established through injection
with GnIH/RFRP-3 through the lateral ventricle. At 6 h after
injection, the protein components of uterine fluid of rats in the
experimental and control groups were analyzed using liquid
chromatography (LC)-tandem mass spectrometry (MS/MS).
Differentially expressed proteins (DEPs) were analyzed using
the Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) databases. Protein-protein interac-
tions (PPI) were investigated using the STRING database.
PPI networks were then established before hub proteins were
selected using OmicsBean software. The expression of one of
the hub proteins, Kras, was then detected using western blot
analysis. Cell Counting Kit-8, Annexin V-FITC/PI, reverse
transcription-quantitative PCR and western blotting were also
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performed to analyze cell viability and apoptosis. In total,
417 DEPs were obtained using LC-MS/MS, including 279
upregulated and 138 downregulated proteins. GO analysis
revealed that the majority of the DEPs were secretory proteins.
According to KEGG enrichment analysis, the DEPs found were
generally involved in tumor-associated pathways. In particular,
five hub proteins, namely G protein subunit a (Gna)l3, Gnagq,
Gnai3, Kras and MMP?9, were obtained following PPI network
analysis. Western blot analysis showed that expression of the
hub protein Kras was downregulated following treatment with
10,000 ng/ml RFRP-3. RFRP-3 treatment (10,000 ng/ml)
also suppressed HEC-1A cell viability, induced apoptosis,
downregulated Bcl-2 and upregulated Bax protein expres-
sion, compared with those in the control group. In addition,
compared with those in the control group, RFRP-3 signifi-
cantly reduced the mRNA expression levels of PI3K, AKT and
mTOR, while upregulating those of LC3-II. Compared with
those in the control group, RFRP-3 significantly decreased
the protein expression levels of PI3K, AKT, mTOR and p62,
in addition to decreasing AKT phosphorylation. By contrast,
RFRP-3 significantly increased the LC3-1I/I ratio and G
protein-coupled receptor 147 (GPR147) protein expression. In
conclusion, the present data suggest that RFRP-3 can alter the
protein expression profile of the uterine fluid of OEP rats by
upregulating MMPO expression whilst downregulating that of
key hub proteins Gnal3, GnaQ, Gnai3 and Kras. Furthermore,
RFRP-3 can inhibit HEC-1A cell viability while promoting
apoptosis. The underlying molecular mechanism may involve
activation of GPR147 receptor by the direct binding of
RFRP-3, which further downregulates the hub protein Kras to
switch on the PI3K/AKT/mTOR pathway. This subsequently
reduces the Bcl-2 expression and promotes Bax expression to
induce autophagy.

Introduction

Success in reproduction is dependent on the ordered regu-
lation of hormone and neuropeptide production in the
hypothalamic-pituitary-gonadal (HPG) axis. The main
hypothalamic peptide gonadotropin-releasing hormone
(GnRH) exerts particularly important functions in driving
this axis (1). GnRH is normally produced by the hypophysial
portal system to stimulate gonadotropin production (1). In
2009, Tsutsui (2) first demonstrated that a previously unknown
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hypothalamic neuropeptide was able to inhibit gonadotropin
production in Japanese quail, which was referred to as
gonadotropin-inhibitory hormone (GnIH). Subsequently,
existence of GnlH orthologs, such as RFamide-related
peptide (RFRP)-1 and -3, were revealed in numerous verte-
brates. RFRP-3 serves a particularly key role and has been
extensively studied (3). GnIH exerts an important role in the
suppression of reproduction, specifically by acting on GnRH
neurons and pituitary glands (4,5), through G protein-coupled
receptor 147 (GPR147) (4,5). GnIH/RFRP-3 has been previ-
ously suggested to inhibit the immediate peripheral effects
on vertebrate gonads (6). The expression of GnIH and its
receptor can be detected within germ and steroidogenic cells
in bird or mammal gonads, where it potentially suppresses
gonadal steroid production to prevent the maturation and
differentiation of germ cells in either an autocrine or paracrine
manner (6). The uterus is an important reproductive organ
in female mammals. Han et al (7) previously suggested that
the intracerebroventricular (ICV) injection of RFRP-3 can
delay uterine development. Therefore, it would be of interest
to examine the molecular mechanism by which GnlH can
regulate uterus function.

According to previous studies, GnIH can directly regulate
the function of pro-opiomelanocortin (POMC), neuropeptide
Y (NPY) and kisspeptin neurons of opioid melanocytes, by
inhibiting the expression of POMC and kisspeptin whilst
increasing that of NPY (8-10). In addition, POMC, NPY
and kisspeptin neurons have been shown to directly mediate
effects on the GnRH neurons and modulate the reproductive
function by regulating GnRH synthesis (11-13). Therefore,
GnlIH appear to confer both direct and indirect effects on
hypothalamic GnRH neurons, mainly by reducing pituitary
gonadotropin release through inhibiting POMC and kisspeptin
neurons whilst promoting NPY neurons. This ultimately
affects the HPG axis and downstream target organs, such as
the uterus. However, it remains unclear if GnlH can regulate
the uterus through the HPG reproductive axis.

Endometrial cancer (EC) is one of the most common
malignancies of the female reproductive system that can be
lethal (14). In recent years, alongside the increasing incidence of
obesity, the worldwide incidence of EC has also been increasing
on an annual basis, particularly among younger women (15).
Treatment of EC is difficult due to the simultaneous need for
preserving patient fertility (16). Therefore, hormone adjuvant
therapy has been garnering attention due to its advantages of
low toxicity, reduced severity of side effects, maneuverability
and favorable safety profiles (14,15). A previous study has found
that GnRH analogues can stimulate the HPG axis to reduce the
secretion of luteinizing hormone (LH) and follicle-stimulating
hormone (FSH), which suppresses gonadal function and indi-
rectly inhibits tumor growth (17). In addition, GnRH agonists
can reduce the proliferation of human EC cells in a dose- and
time-dependent manner (18,19). By contrast, GnRH antagonists
can induce apoptosis in human EC cells by activating p38
MAPK and JNK signaling, in addition to the proapoptotic
protein Bax (20). This strategy of reversible medical has been
successfully introduced into the treatment regimen of EC, where
the underlying mechanism is consistent with the biological
characteristics of GnIH (17-20). Therefore, GnIH may provide a
novel avenue for developing a treatment strategy for EC.

In the present study, the potential effects of GnIH/RFRP-3
injection through the lateral ventricle on the uterus of ovari-
ectomized estrogen-primed (OEP) rats were investigated
using liquid chromatography (LC)-tandem mass spectrom-
etry (MS/MS) analysis. Using these data, the differentially
expressed proteins (DEPs) were selected, which were subjected
to Gene Ontology (GO) functional annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses. Subsequently, their molecular mechanism and
clinical values were investigated through protein-protein inter-
action (PPI) network analysis. Cell Counting Kit-8 (CCK-8)
assay, Annexin V-FITC/PI double staining and western blot
analysis were used to assess the effects of RFRP-3 on the
apoptosis of HEC-1A cells. Findings from the present study
may provide novel ideas for examining the effects of GnIH on
reproduction.

Materials and methods

Study animals and model establishment. In total, 30 female
Sprague-Dawley rats (age, 6-7 weeks; weight, 180-220 g)
were provided by Beijing Huafukang Biotechnology Co., Ltd.
(animal certification no. 11401300067446). These animals
were fed with normal diet and maintained at 22-25°C, in
a natural light/dark cycle (12/12 h), the relative humidity of
the animal facility was 40-70%, with free access to food and
water for 1 week before animal experimentation commenced.
Animal experimental procedures were performed in accor-
dance with the ethical standards of and approved by The
Experimental Animal Welfare Ethics Committee of Chengde
Medical University (Chengde, China).

The rat ovariectomized estrogen-primed (OEP) model
was established. Briefly, the rats were anesthetized with
10% chloral hydrate (300 mg/kg) before being bilaterally
ovariectomized or in all anesthetic procedures under sterile
conditions. None of the rats exhibited any signs of peritonitis,
pain or discomfort during the operation. After 15 days, the
animals were subjected to a subcutaneous injection of estradiol
benzoate [Shanghai full woo Biotechnology (Zhumadian) Co.,
Ltd.; 1 mg/kg/day] for 5 days. This drug was given to keep the
estrogen level in each rat consistent and eliminate the influence
of estrogen on GnIH. Animal status was monitored daily. The
animals were then randomly divided into the following two
groups: i) RFRP-3 group (n=15), in which RFRP-3 (16 ul/kg;
final concentration, 2 pg/ul; solvent, normal saline; Bachem
AG) was injected into the lateral ventricle of the rats following
anesthesia as aforementioned; and ii) normal saline injection
group (n=15), in which saline was injected into the lateral
ventricle of rats. The uterine fluid of five rats from the experi-
ment and control groups was mixed and divided into three
parts, which were stored in liquid nitrogen. Euthanasia was
performed by cervical dislocation, before which the animals
were anesthetized, and 6 h after administration, uterine fluid
samples were collected. The chest was opened to verify death
of each animal, where absence of any fluctuations in the chest
caused by breathing and heartbeat was verified.

The humane endpoints used to determine when the animal
must be immediately euthanized were as follows: 1) Rapid
weight loss of 15-20%; ii) lack of food and drinking water
intake; iii) in the state of non-anesthesia or sedation, when
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animal mental depression is accompanied by hypothermia;
and iv) abnormal central nervous responses (convulsions,
tremors, paralysis, head tilt).

Cell lines. Human EC HEC-1A cells were provided by Procell
Life Science & Technology Co., Ltd. HEC-1A cells were
cultured in McCoy 5A medium [Zhongke Maichen (Beijing)
Technology Co., Ltd.], supplemented with 15% FBS (Sartorius
AG) and 1% penicillin/streptomycin, at 37°C with 5% CO,.

Determination of optimal concentration of RFRP-3. RFRP-3
(Tocris Bioscience) was diluted with PBS to obtain a final
concentration of 2 mg/ml as the stock solution and stored
at -20°C. HEC-1A cells were seeded into 96-well plates in
triplicates. The cells were then treated with O (control), 0.1, 1,
10, 100, 1,000 and 10,000 ng/ml RFRP-3. Cells in the control
group were subjected to no treatments, whilst the cells in the
treatment groups were incubated with RFRP-3 at the indicated
concentrations for 24 h.

Identification of DEPs. Peptides were separated via
high-performance LC (Agilent 1260 Infinity II LC; Agilent
Technologies, Inc.) from uterine fluid. Samples were sepa-
rated on a XTerra RP18 column (4.6x50 mm; 5 ym; Waters
Corporation) at 35°C. Mobile phases A and B were comprised
of 1,000:1 (v/v) methanol/formic acid and 1,000:1 (v/v)
water/formic acid, respectively. The flow rate was 0.4 ml/min.
The injection volume was 3 ul and the total running time was
2 min.

Peptides were identified via MS/MS. Multiple reaction
monitoring was performed with an Agilent 6460 triple quad-
rupole MS/MS fitted with the Agilent Jet Stream Electrospray
Ionization probe (Agilent Technologies, Inc.) in the positive
ion mode. Data were analyzed using the full scan mass spectra
(300-1800 M/z). The mass spectrometry ion source was a
nano-ESI ion source, so without parameters such as nitrogen
gas temperature, nebuliser pressure and flow rate. Experiments
were performed in triplicates. Finally, the mass spectrometry
data were analyzed using the Proteome Discoverer software
(version 1.4.0.288; Thermo Fisher Scientific, Inc.). DEPs were
screened using P<0.05 and Fold Change (FC)=2 as criteria.
Protein name, gene ID, molecular weight and other information
were obtained using the UniProt knowledgebase (http:/www.
uniprot.org/).

Bioinformatics analysis. GO analysis was performed,
including the biological process (BP), cell component (CC)
and molecular function (MF), using the GO (http://www.
geneontology.org/) online tool. KEGG pathways associated
with the DEPs were analyzed using the KEGG (http://www.
KEGG.jp) online tool. The dashed blue line indicates P<0.05,
the dashed red line indicates P<0.01. The top 10 items were
selected according to P<0.01 based on their corresponding
enrichment results.

PPI network of DEPs. The interaction network of DEPs
was searched against the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING; http://string-db.org)
database. The STRING database was also utilized to construct
the PPI networks of DEPs. Statistical significance was

deemed as interaction with a pooled score of >0.4. The PPI
network was drawn using the multi-omics data analysis tool,
OmicsBean V1.0 (http://www.omicsbean.cn/). The interaction
between proteins is shown as a solid line, and proteins and
KEGG terms are linked by a dotted line. The protein that
interacts most closely with other proteins in the PPI network
was selected as the hub protein. It can be seen from the PPI
network that the DEPs Gna 13, Gnaq and Gnai3 participate
in the platelet activation pathway. In addition, KEGG pathway
analysis (https:/www.kegg.jp/kegg/) was performed (‘platelet
activation’ was searched for in the PATHWAY database).

University of Alabama cancer (UALCAN) database analysis.
The UALCAN database (http://ualcan.path.uab.edu/index.
html); public datasets name, TCGA Gene (http://ualcan.
path.uab.edu/analysis.html); TCGA dataset, uterine corpus
endometrial carcinoma public datasets) was used to explore
the internal relationship between endometrial cancer and
hub proteins (Gnal3, Gnaq, Gnai3, Kras and MMP9) that
were screened using the PPI network. Gnal3, Gnaq, Gnai3,
Kras and MMP9 expression was compared between human
endometrial carcinoma tissues and normal tissues using The
Cancer Genome Atlas (TCGA) database. In the results, only
the hub proteins with statistical differences were displayed.
The number of normal tissues was 35 and the number of EC
tissues was 546.

CCK-8 assay. HEC-1A cells were seeded into the 96-well
plate at a density of 1x10%/well. After 24 h, 100 ul
RFRP-3 at the indicated concentrations (0, 0.1, 1, 10, 100,
1,000 and 10,000 ng/ml) was used to treat the cells for 24 h.
After removing the medium, a solution containing 10% CCK-8
(APeXBIO Technology LLC) in McCoy 5A medium was
added into each well. The reaction was conducted at 37°C for
1 h, before the optical density value at 450 nm was measured
and recorded. The calculation formula of the viability rate
was: [(RFRP-3 group-blank)/(Control-blank)-1] x100%.

Detection of apoptosis. Apoptosis of HEC-1A cells was
detected by flow cytometry using an Annexin V-FITC/PI
apoptosis kit (BD Biosciences). HEC-1A cells were seeded
into 6-well plates at a density of 3x10°/well and treated with
either complete McCoy 5A medium or complete McCoy
5A medium with 10,000 ng/ml RFRP-3 for 24 h. The cells
were then suspended in binding buffer and stained with
5 pl Annexin V-FITC reagent and 5 pl PI solution at room
temperature in dark for 15 min. The stained cells were then
analyzed by Coulter ELITEesp flow cytometry (Beckman
Coulter, Inc.) and data analysis was performed using FloMax
2.7 software (Sysmex Partec GmbH). In the present study, the
sum of late and early apoptotic cells was used as the readout
for the apoptotic rate.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from treated HEC-1A cells (control and
10,000 ng/ml RFRP-3 groups) using the Takara MiniBEST
Universal RNA Extraction kit (Takara Biotechnology Co.,
Ltd.), according to the manufacturer's protocol. Concentration
of total RNA was determined using NanoDrop™ 2000
(Thermo Fisher Scientific, Inc.), before the RT reaction was
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Table I. Top 10 upregulated differentially expressed proteins.

Log?2 fold

UniProt ID  Gene name Protein name (short name, full name) change Organism

POCC09 Hist2h2aa3  H2A2A_RAT, histone H2A type 2-A 13.78 Rattus norvegicus (Rat)
P84245 H3f3b H33_RAT, histone H3.3 13.31 Rattus norvegicus (Rat)
P36953 Afm AFAM_RAT, afamin 12.73 Rattus norvegicus (Rat)
Q62714 Np4 DEF4_RAT, neutrophil antibiotic peptide NP-4 12.35 Rattus norvegicus (Rat)
P15684 Anpep AMPN_RAT, aminopeptidase N 12.16 Rattus norvegicus (Rat)
Q9QYK2 Ppargcla PRGC1_RAT, peroxisome proliferator-activated 12.13 Rattus norvegicus (Rat)

receptor gamma coactivator 1-alpha

P30349 Lta4h LKHA4_RAT, leukotriene A-4 hydrolase 12.02 Rattus norvegicus (Rat)
Q9R063 Prdx5 PRDX5_RAT, peroxiredoxin-5, mitochondrial 11.81 Rattus norvegicus (Rat)
Q5XHY1 Carmil3 LR16B_RAT, leucine-rich repeat-containing protein 16B 11.79 Rattus norvegicus (Rat)
P20762 P20762 IGG2C_RAT, Ig gamma-2C chain C region 11.72 Rattus norvegicus (Rat)

performed using the Prime Script™ RT reagent Kit (Takara
Bio, Inc.) according to the manufacturer's instructions. gPCR
was performed using the TB Green™ Premix ExTaq™ II kit
(Takara Bio, Inc.) on a CFX96 Real-Time PCR Detection
System (Bio-Rad Laboratories, Inc.). The thermocycling
conditions were as follows: Initial denaturation step at 95°C
for 30 sec, followed by 40 cycles of denaturation at 95°C for
5 sec, and annealing and extension at 60°C for 30 sec. The
primer sequences were as follows: PI3K forward, 5'-GGAATG
CTGCAAGATCAAGAAA-3' and reverse, 5-TTGGTGGTA
ATGGAAGAGGAAGA-3'; AKT forward, 5-CTTGCTTTC
AGGGCTGCTCA-3' and reverse, 5"-TACACGTGCTGCCAC
ACGATAC-3; mTOR forward, 5'-CTTGCTGAACTGGAG
GCTGATGG-3' and reverse, 5S-CCGTTTTCTTATGGGCTG
GCTCTC-3'; LC3-II forward, 5'-gtCagCgTctCcACACCA
ATCTC-3' and reverse, 5"-TCCTGGGAGGCATAGaCCATG
TAC-3'; and GAPDH forward, 5-GCACCGTCAAGGCTG
AGAAC-3' and reverse, 5“TGGTGAAGACGCCAGTGGA-3".
The relative expression levels of target genes were calculated
using the 2-44¢4 (Livak) method (21). GAPDH was used as
internal reference.

Western blot analysis. HEC-1A cells (control and RFRP-3
groups) were lysed using RIPA lysis buffer (Beijing Solarbio
Science & Technology Co., Ltd.). Protein concentrations were
measured using a BCA kit. A total of 30 pg protein per lane
was separated by 10-12% SDS-PAGE and then transferred
onto PVDF membranes. The membranes were then blocked
with 5% skimmed milk at room temperature for 2 h, before
being incubated with primary antibodies against GAPDH
(rabbit; 1:6,000; cat. no. ab9485; Abcam), Kras (rabbit; 1:2,000;
cat.no.ab191595; Abcam), Bcl-2 (rabbit; 1:800; cat.no.ab59348;
Abcam), Bax (rabbit; 1:800; cat. no. ab32503; Abcam), PI3K
(rabbit; 1:500; cat. no. AP0231; Bioworld Technology, Inc.),
AKT (rabbit; 1:10,000; cat. no. ab179463; Abcam), phosphory-
lated (p)-AKT (rabbit; 1:2,000; cat. no. 4060; Cell Signaling
Technology, Inc.), mTOR (rabbit; 1:2,000; cat. no. ab32028;
Abcam), LC3B (rabbit; 1:2,000; cat. no. ab192890; Abcam),
p62 (rabbit; 1:1,000; cat. no. A19700; ABclonal Biotech Co.,
Ltd.) and GPR147 (also referred to as NPFF-1 receptor; rabbit;

1:5,00; cat. no. bs-12018R; Beijing Bioss Biotechnology Co.,
Ltd.) at 4°C overnight. After TBST washing, the membranes
were incubated with the corresponding HRP-conjugated
secondary antibodies (rabbit; 1:8,000; cat. no. ab205718;
Abcam) for another 1 h at room temperature. Immune-reactive
proteins were visualized with the ECL luminescence reagent
(cat. no. MAO186; Dalian Meilun Biology Technology Co.,
Ltd.). Protein band intensities were analyzed and normalized
to GAPDH that was used as loading control. A Tanon 5200
imaging system (Tanon Science and Technology Co.,Ltd.) was
used to detect the bands, and ImageJ 1.52a software (National
Institutes of Health) was used to semi-quantify the integrated
density.

Statistical analysis. Data are expressed as the mean + stan-
dard deviation. Each experiment was carried out three times.
Statistical analysis was performed using the SPSS 22 software
(IBM Corp.). Comparisons among multiple groups were
conducted using one-way ANOVA followed by Dunnett's
post hoc test. An unpaired t-test was used to compare the
differences between two groups for the results of RT-qPCR
and western blotting. P<0.05 was considered to indicate a
statistically significant difference.

Results

Protein profile of uterine fluid is changed by RFRP-3. Using
P<0.05 and FC=2 as thresholds, a total of 417 DEPs were
identified in the uterine fluid of OEP rats treated with RFRP-3
compared with control rats, including 279 upregulated and 138
downregulated proteins (Tables I and II).

Analysis of the biological function of DEPs after the ICV
injection of RFRP-3. To analyze the BP, CC and MF terms of
DEPs, GO functional annotation was performed (Fig. 1). In
terms of BP, DEPs were found to be mostly enriched in ‘response
to organic substance’ (GO ID: GO0010033), ‘response to
oxygen-containing compound’ (GO ID: GO1901700), ‘regula-
tion of biological quality’ (GO ID: GO0065008) and ‘response
to external stimulus’ (GO ID: 0009605) (Fig. 1A). For MF, the
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Table II. Top 10 downregulated differentially expressed proteins.

Gene Log?2 fold

UniProt ID  name Protein name (short name, full name) change Organism

P04218 Cd200 OX2G_RAT, OX-2 membrane glycoprotein -18.03 Rattus norvegicus (Rat)
Q8K3K9  Gimap4 GIMA4_RAT, GTPase IMAP family member 4 -12.8 Rattus norvegicus (Rat)
B4F795 Slc44a2 CTL2_RAT, choline transporter-like protein 2 -10.95  Rattus norvegicus (Rat)
P14925 Pam AMD_RAT, peptidyl-glycine alpha-amidating monooxygenase -10.65 Rattus norvegicus (Rat)
A9UMVSE  H2afj H2AJ_RAT, histone H2AJ -1047 Rattus norvegicus (Rat)
P33568 Rbl RB_RAT, retinoblastoma-associated protein -10.05 Rattus norvegicus (Rat)
QI9ESV6 Gapdhs G3PT_RAT, glyceraldehyde-3-phosphate dehydrogenase, testis- -9.75 Rattus norvegicus (Rat)

specific

Q08849 Stx3 STX3_RAT, syntaxin-3 -941 Rattus norvegicus (Rat)
Q3B&N7 Tsc22d4 T22D4_RAT, TSC22 domain family protein 4 -941 Rattus norvegicus (Rat)
Q3KRC4  GpreSc  GPC5C_RAT, G-protein coupled receptor family C group 5 92 Rattus norvegicus (Rat)

member C

DEPs were particularly enriched in ‘protein binding’ (GO ID:
GO0005515), ‘protein complex binding’ (GO ID: GO0032403)
and ‘macromolecular complex binding’ (GO ID: GO0044877)
(Fig. 1C). In terms of CC, the DEPs were found to be asso-
ciated with ‘extracellular region’ (GO ID: GO0005576) and
‘membrane-bounded vesicle’ (GO ID: GO0031988) (Fig. 1B).
The aforementioned results imply that these DEPs partici-
pate in protein, polypeptide and carbohydrate metabolism.
Furthermore, these proteins exhibited an association with
antioxidation and were indicated to regulate cell proliferation,
apoptosis, cell migration, cell adhesion and angiogenesis.

Analysis of signal pathways associated with the DEPs after the
ICV injection of RFRP-3. To further assess the possible func-
tions of DEPs caused by RFRP-3 treatment, signaling pathway
enrichment analysis was performed using KEGG pathway
analysis (Fig. 2). These DEPs were observed to be enriched in
‘carbon metabolism’ (pathway ID: rno01200), ‘gap junction’
(pathway ID: rno04540), ‘long-term depression’ (pathway
ID: rno04730), ‘regulation of actin cytoskeleton’ (pathway
ID: rno04810), ‘biosynthesis of amino acids’ (pathway ID:
rno01230), ‘complement and coagulation cascades’ (pathway
ID: rno04610), ‘glycolysis/gluconeogenesis’ (pathway ID:
rno00010), ‘proteoglycans in cancer’ (pathway ID: rno05205),
‘platelet activation’ (pathway ID: rno04611) and ‘thyroid
hormone synthesis’ (pathway ID: rno04918).

PPI network of the DEPs after the ICV injection of RFRP-3.
PPI analysis was then performed using the STRING database,
which was used to build the PPI network (Fig. 3A). OmicsBean
was utilized for the visualization of this network (Fig. 3A). In
total, five proteins were identified to be hub proteins, namely
G protein subunit a (Gna)l3, Gnaq, Gnai3, Kras and MMP9.
Among them, the protein expression levels of Gna 13, Gnagq,
Gnai3 and Kras were decreased, while the protein expression
levels of MMP9 were increased. In addition, based on KEGG
pathway database analysis, it can be seen that the platelet
activation pathway activated the AC/cAMP/PKA signaling
pathway (Fig. 3B).

Expression of Gnal3, Gnagq, Kras and MMP9 is significantly
changed in EC. Using the UALCAN database platform, The
Cancer Genome Atlas database was screened. The expression
of the hub proteins Gnal3, Gnaq, Kras and MMP9 was found
to be significantly different between EC and the normal tissues
(Fig. 4). Specifically, compared with that in normal samples,
Kras and MMP9 expression was increased, whereas Gnaq and
Gnal3 expression was decreased in EC tissues.

RFRP-3 reduces the expression of Kras in HEC-1A cells. The
expression levels of Kras were examined. As shown in Fig. 5,
compared with those in the control group, the expression levels
of Kras were significantly reduced in the RFRP-3 group.

RFRP-3 inhibits the viability of HEC-1A cells. The potential
effects of RFRP-3 on the viability of HEC-1A cells were
next investigated using the CCK-8 assay. As shown in Fig. 6
and Table I1I, compared with that in the control group, cell
viability was significantly decreased in the 10,000 ng/ml
RFRP-3 treatment group (P<0.05). However, the differences
in cell viability were not significant between the control
group and the 0.1, 1, 10, 100 and 1,000 ng/ml RFRP-3 groups.
These results suggest that RFRP-3 at 10,000 ng/ml was
able to suppress EC cell viability. Therefore, in subsequent
experiments HEC-1A cells were treated with 10,000 ng/ml
RFRP-3.

RFRP-3 induces apoptosis in HEC-1A cells. To investigate the
effects of RFRP-3 on HEC-1A cell apoptosis, flow cytometry
was performed. As shown in Fig. 7, the upper right quadrant
represents late apoptotic cells, whilst the lower right quadrant
represents early apoptotic cells. The proportion of apoptotic
cells (%) in the RFRP-3 group was found to be higher compared
with that in the control group (Fig. 7A-C). Results from the
western blot analysis revealed that compared with those in the
control group, Bcl-2 protein expression was significantly lower
whereas Bax protein expression was significantly higher in
the RFRP-3 group (Fig. 7D and E). These results suggest that
RFRP-3 can induce apoptosis in HEC-1A cells.
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Figure 1. Gene ontology annotations for the differentially expressed proteins.
(A) Biological processes. (B) Cell components. (C) Molecular functions. The
top 10 items were selected according to P<0.01 based on their corresponding
enrichment results. The dashed blue line indicates P<0.05, the dashed red
line indicates P<0.01.

RFRP-3 inhibits the PI3K/AKT/mTOR pathway in
HEC-IA cells. To investigate the effects of RFRP-3 on the
PIBK/AKT/mTOR pathway in HEC-1A cells, the expression
levels of the associated components were detected using
RT-qPCR and western blot analysis. As shown in Fig. 8A,
compared with those in the control group, the expression
levels of PI3K/AKT/mTOR genes were significantly lower
in the RFRP-3 group. Treatment with 10,000 ng/ml RFRP-3
significantly reduced the protein expression levels of PI3K
and mTOR whilst also reducing the phosphorylation of AKT,
compared with those in the control group (Fig. 8B and C). The

Table III. Effects of RFamide-related peptide 3 on cell viability
of HEC-1A cells.

Group Viability rate of cells, % P-value
Control 0.000
0.1 ng/ml RFRP-3 1.560+1.598 -
1 ng/ml RFRP-3 0.960+1.254 -
10 ng/ml RFRP-3 -2.250+0.782 -
100 ng/ml RFRP-3 -1.983+1.356 -
1,000 ng/ml RFRP-3 -3.297+4.085 -
10,000 ng/ml RFRP-3 -8.127+£2.837 P<0.05°
*Compared with the control group. -, no statistical difference
compared with the control group.
8
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Figure 2. Distribution of the enriched Kyoto Encyclopedia of Genes and
Genomes pathways. Columns represent the associated pathways, marked
with different colors varying from light blue (low P-values) to dark blue
(high P-values). The dashed blue line indicates P<0.05, the dashed red line
indicates P<0.01.

expression levels of AKT were similar between the control and
RFRP-3 groups. These results suggest that RFRP-3 can inhibit
the PI3K/AKT/mTOR pathway to potentially promote tumor
apoptosis.

RFRP-3 induces autophagy in HEC-1A cells. mTOR serves
a key role in regulating autophagy. Therefore, the expression
levels of associated genes were detected using RT-qPCR and
western blot analysis. As shown in Fig. 9A, compared with
those in the control group, the mRNA expression levels
of LC3-II were significantly higher in the RFRP-3 group.
Treatment with 10,000 ng/ml RFRP-3 significantly increased
the LC3-II/T protein expression ratio compared with those in
the control group. In addition, RFRP-3 treatment significantly
reduced p62 expression compared with that in the control
group (Fig. 9B and C). The concurrent accumulation of LC3-I1
and degradation of p62 induced by RFRP-3 suggests that it
increased autophagic activity.

RFRP-3 increases GPRI47 protein expression in HEC-1A
cells. To explore the underlying molecular mechanism of
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RFRP-3, the protein expression of GPR147, one of the poten-
tial receptors for RFRP-3, was examined using western blot
analysis. As shown in Fig. 10, compared with that in the
control group, the expression levels of GPR147 were signifi-
cantly increased in the RFRP-3 group.

Discussion

GnlIH is a relatively novel hypothalamic neuropeptide,
discovered in 2000 (2). GnIH has been previously shown
to show a high degree of conservation in vertebrates, from
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Figure 5. Effects of RFRP-3 on the expression of Kras in HEC-1A cells.
The cells in the RFRP-3 group were treated with 10,000 ng/ml RFRP-3 for
24 h. (A) Western blot analysis of Kras expression. Since the Kras antibody
used was a recombinant antibody, it may produce non-specific bands (lower
band) (67). (B) Semi-quantification of Kras expression, presented as rela-
tive expression. “P<0.05 vs. control (mean + SD of control, 0.9553+0.05349;
mean = SD of RFRP-3, 0.7221+0.04802.). RFRP-3, RFamide-related
peptide 3.

agnatha to humans (2). In addition, orthologs of GnIH have
also been discovered in mammals, referred to as RFRP-1 and
RFRP-3 (2). In particular, RFRP-3 has been found to mediate
important roles in various biological processes, especially in
energy balance, feeding and reproduction (22-27). For GnIH
neurons, the cell bodies are localized to the dorsomedial
hypothalamic (DMH) area and paraventricular nucleus in
the majority of mammals (28). RFRP-3 mRNA expression

has previously been detected in the hypothalamus, eyes,
ovaries and uterus of juvenile sheep (29). In addition, GnIH
is highly expressed in the hypothalamus, pituitary, ovaries,
testis and epididymis (30). Li er al (31) reported that in sows,
GnIH mRNA can be detected in the central nervous system,
specifically in the hypothalamus and medulla oblongata.
Furthermore, it can be found in the peripheral tissues, such
as the ovaries and uterus (31). RFRP mRNA transcripts
have also been detected in the hypothalamus of rats and
humans (32). GnIH neuronal cell bodies have been observed
in the DMH area of the human hypothalamus, where their
neural fibers can project into the median eminence external
zone (27).

RFRPs are mainly localized in the normal human ovaries,
corpus luteum and the large pre-ovulatory follicle granulosa
cell layer (27,33). The GnlIH receptor mainly mediates the
function of GnIH. Bonini ef al (34) previously detected two
G-coupled protein receptors of neuropeptide FF (NPFF).
There are C-terminal PQRFamide motifs in NPFF1 (the
same as GPR147), NPFF2 (the same as GPR74). GPR147 is
considered to be the major GnIH receptor (34). GnlH can
exert direct effects on hypothalamic GnRH and pituitary
neurons through the GnlIH receptor to inhibit the production
of gonadotropin and the reproductive function (33,35). It has
been shown that the mRNA expression levels of GnIH recep-
tors in rabbits are high, whereas GPR147 mRNA is mainly
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Figure 7. Effects of RFRP-3 on HEC-1A cell apoptosis. Percentage of apoptotic cells in the (A) control group and (B) the RFRP-3 group. (C) Comparison of
apoptotic cell percentages between the RFRP-3 and control groups. (D) Western blot analysis of Bcl-2 and Bax protein expression. (E) Semi-quantification of
Bcl-2 and Bax expression levels presented as relative expression. "P<0.05 vs. control. RFRP-3, RFamide-related peptide 3.

expressed in the hypothalamus, pituitary, ovaries, testis
and uterus (30). Hinuma et al (32) found that the GPR147
mRNA expression can be detected in the ovaries and uterus
of rats. In the human hypothalamus, pituitary gland and
in hormone cells, GPR147 mRNA can also be detected
by in situ hybridization (27,33). Another study reported
that GPR147 is expressed in normal human ovaries and
granulosa-luteinizing cells (27). The localization pattern of
RFRP-3/GPR147 in mammals therefore provides a basis for

its participation in regulating reproductive function. RFRP-3
mRNA can be detected in the uterus of juvenile sheep (29)
and sows (31), where it may exert functional effects on
the reproductive function and the development of uterus.
GPR147 is extensively expressed throughout the mammalian
uterus, suggesting that GnIH can regulate uterus function
and ultimately reproductive function.

GnIH has been shown to mediate a number of functions
on energy balance, nutrient availability and reproduction.



10 ZHAO et al: EFFECTS OF GnIH ON OEP RATS

A _ B
S 15 Control RFRP-3
2 B PI3K B AKT @ mTOR
. pro [ ——|
% 1.0
£
2
g s @ BT @ B
S ©ax ©Oc¢
C  wmPI3K == p-AKTmm AKT - p-AKT/AKTmm mTOR
c
815
[7]
[0}
s
%10 T *
c *
E’ kK :‘
o
\5_0.5
[0}
=
S00
o SR eR ep e s7
SC §r §r ST S5O
Of Of Of Of Of

Figure 8. Effects of RFRP-3 on the PI3K/AKT/mTOR pathway in HEC-1A
cells. HEC-1A cells in the RFRP-3 group were treated with 10,000 ng/ml
RFRP-3 for 24 h. (A) The mRNA expression levels of PI3K, AKT and mTOR
were measured by reverse transcription-quantitative PCR. (B) The protein
expression levels of PI3K, AKT and mTOR, in addition to AKT phosphory-
lation, were measured using western blot analysis. (C) Semi-quantification
of PI3K, AKT and mTOR expression, as well as AKT phosphorylation,
presented as relative expression. ‘P<0.05, “P<0.01 and ““P<0.001 vs. control.
RFRP-3, RFamide-related peptide 3; p, phosphorylated.
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Figure 9. Effects of RFRP-3 on the expression of LC3-II and p62 in
HEC-1A cells. HEC-1A cells were treated with 10,000 ng/ml RFRP-3 for
24 h. (A) The mRNA expression levels of LC3-II were detected by reverse
transcription-quantitative PCR. (B) The protein expression levels of LC3-I1
and p62 were measured by western blot analysis. (C) Semi-quantification
of LC3-1I/I ratio and p62 expression level, presented as relative expression.
“P<0.05 and “P<0.01 vs. control. RFRP-3, RFamide-related peptide 3.
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To ensure species continuity, successful reproduction relies
on the tightly regulated balance of hormones in the HPG
axis (1). Various factors, including the external environment,
individual energy state and social relationships, can influence
the HPG axis and reproductive function through various
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Figure 10. Effects of RFRP-3 on the protein expression level of GPR147
in HEC-1A cells. HEC-1A cells were treated with 10,000 ng/ml RFRP-3
for 24 h. (A) The protein expression level of GPR147 was measured using
western blot analysis. Since the GPR 147 antibody used was a polyclonal anti-
body, it may produce non-specific bands (top band). (B) Semi-quantification
of GPR147 expression, presented as relative expression. “P<0.05 vs. control
group (mean + SD of control, 0.7027+0.02529; mean = SD of RFRP-3,
0.9254+0.04641). RFRP-3, RFamide-related peptide 3; GPR147, G
protein-coupled receptor 147.

neuroendocrine systems. GnRH has been recognized to be
a key stimulus for normal reproduction in animals. This is
achieved by stimulating gonadotropin secretion, enhancing
gonadal development, promoting the synthesis of sex steroid
hormones and facilitating gamete production (4-6). By contrast,
GnlH serves an important role in suppressing reproduction in
the central nervous system. It can act directly on both hypo-
thalamic GnRH and pituitary neurons through GPR147 to
inhibit the production of gonadotropins, such as FSH and LH,
and suppress reproduction (33,34). Johnson et al (36) previ-
ously revealed that administering GnIH in male rats through
the ICV route can suppress sexual behaviors. In addition,
Piekarski er al (37) reported that the ICV administration of
GnlH can decrease the extent of vaginal scent marking and
sexual motivation in female hamsters. Administering GnIH
has also been shown to change Fos expression levels in the
medial amygdala, medial preoptic area, critical neural loci
and the stria terminalis bed nucleus, which are associated with
female sexual behaviors (37). These aforementioned findings
suggest that GnlIH is heavily involved in modulating repro-
ductive and feeding behaviors. Qi et al (38) found that GnIH
neurons can project onto NPY, POMC and melanin-concen-
trating hormone neurons to regulate the feeding behavior (38).
Consistent with this observation, administering GnIH through
the ICV route can elevate food consumption in rats (36) and
sheep (39). In addition, ICV injection of RFRPs has been found
to promote the release of adrenocorticotropic hormone and
oxytocin, which induces anxious behavior in rats (40). These
findings suggest that GnIH can act on neurons in the brain
to regulate various physiological functions. RFRP-3 is a HPG
axis inhibitor that has been previously demonstrated to exert
various regulatory functions on mammalian reproduction (1).
However, information on RFRP-3 remains limited and the
molecular mechanism of RFRP-3 in the female reproductive
organs remain to be fully elucidated.

The uterus is an important reproductive organ in females.
In particular, the uterine epithelium can be modulated by
steroids to synthesize and/or secrete specific proteins into
the uterine fluid, which serve important roles in reproductive
processes, such as fertilization, embryo implantation and
pregnancy maintenance (41,42). One method of studying the
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reproductive process is by analyzing the protein components
contained within the uterine fluid and their function. To
explore the role of GnIH on protein synthesis in the uterus
and in reproduction, the DEPs in the uterine fluid samples
were screened using LC-MS/MS. Compared with the those
in OEP rats without GnIH/RFRP-3 injection, GnIH/RFRP-3
injection through the lateral ventricle exerted an important
effect on the protein composition and expression in the
uterine fluid of OEP rats, suggesting that GnIH/RFRP-3
can act on the uterus by inhibiting the HPG axis. To explore
the mechanism by which GnIH/RFRP-3 regulates uterus
function on a molecular level, bioinformatics analysis was
performed to analyze the role of DEPs. According to GO
analysis, these DEPs were mostly enriched in ‘extracellular
region’ and ‘membrane-bounded vesicle’ (CC), ‘protein
binding’, ‘protein complex binding’ and ‘macromolecular
complex binding’ (MF). In terms of BP, these DEPs mainly
participated in ‘response to organic substance’, ‘regulation
of biological quality’ and ‘response to oxygen-containing
compound’. These results suggest that GnIlH/RFRP-3 treat-
ment can affect protein binding. In addition, these DEPs
were found to participate in protein, polypeptide and carbo-
hydrate metabolism. Furthermore, these proteins showed
association with antioxidation and were indicated to regulate
cell proliferation, apoptosis, cell migration, cell adhesion
and angiogenesis. According to PPI network analysis, the
DEPs may participate in ‘gap junction’ and ‘regulation of
actin cytoskeleton’. In addition, these DEPs are likely to be
involved in ‘glycolysis/gluconeogenesis’, ‘carbon metabo-
lism’, ‘biosynthesis of amino acids’, ‘long-term depression’,
‘thyroid hormone synthesis’ and ‘platelet activation’.
Glycolysis, carbon metabolism and amino acid biosynthesis
serve to provide energy for cells. After GnIH/RFRP-3
treatment, glycolysis becomes the main method of energy
metabolism in cells, suggesting a close relationship with
tumorigenesis (43,44). In addition, glycolysis has been shown
to sperm maturation, motility and ultimately male reproduc-
tion by providing lactic acid or ATP (45,46). In addition,
glycolysis can significantly affect the nuclear maturation in
oocytes (47), suggesting that GnIH/RFRP-3 can regulate the
development of uterus through the glycolytic pathway. Platelet
activation is beneficial to tumor growth, angiogenesis and
metastasis (48), suggesting that increased GnIH/RFRP-3 can
affect the occurrence and development of tumors, which may
have various clinical implications. GnIH/RFRP-3 treatment
was found to affect the thyroid hormone synthesis pathway.
Thyroid hormone can regulate metabolism and development
in the ovary, uterus and placenta (49). It has been previously
found that the GnIH mRNA expression is increased in the
hypothalamus region of female hypothyroid mice (50),
suggesting that GnIH/RFRP-3 treatment can regulate the
development of uterus and female reproduction by affecting
the synthesis of thyroid hormone.

In total, five hub proteins, namely Gnal3, Gnaq, Gnai3,
Kras and MMP9, were obtained based on PPI network
analysis in the present study. The Ras family of genes, Hras,
Kras and Nras represent the most commonly mutated onco-
genes in human malignancies (51). Kras mutations have been
associated with poor prognosis and treatment resistance in
tumors (51). Accumulating evidence has shown that the Kras

mutation is associated with cell proliferation and apoptosis,
which upregulates estrogen receptor levels in endometrial
cells (51-53). Furthermore, Kras appears to be directly
associated with type I EC (51-53). In the present study,
GnIH/RFRP-3 treatment reduced the expression levels of
Kras. Therefore, it can be hypothesized that GnIH/RFRP-3
can downregulate the expression levels of Kras, thereby
affecting the uterus and the occurrence/development of EC
through the HPG axis. These five hub proteins were also asso-
ciated with the platelet activation signaling pathway. It can be
seen from the PPI network that the DEPs Gna 13, Gnaq and
Gnai3 participate in the platelet activation pathway. When
searching ‘platelet activation’ in the KEGG pathway data-
base, the results showed that the DEPs were mostly associated
with the ‘platelet activation pathway’, the activation of which
affects the activity of adenylyl cyclase (AC)/cAMP/protein
kinase A (PKA) signaling. Previous findings have shown
that kisspeptin is co-expressed with GnIH/RFRP-3 within
the neurons in the DMH area of Sprague-Dawley rats, where
the direct interaction between recombinant RFRP-3 and
kisspeptin was found using surface plasmon resonance (54).
Therefore, GnIH/RFRP-3 may inhibit the expression of
kisspeptin by inhibiting the AC/cAMP/PKA signaling
pathway, further inhibiting the HPG reproductive axis to the
uterus. GnIH has been shown to suppress AC/cAMP/PKA
signal transduction (28,55,56). In addition, it has been found
that there is an association between kisspeptin and ERK
and cAMP/PKA pathway activation (57,58). The formation
and development of EC is a complex process that involves
interactions among multiple signal transduction pathways
and genetic abnormalities (51-53). Therefore, it is necessary
to perform further experiments to determine the effects of
GnIH/RFRP-3 on EC. In the present study, to verify if the
effects of RFRP-3 on the viability and apoptosis of HEC-1A
cells were mediated by the hub proteins, further experiments
were performed.

Using the UALCAN database to assess the expression
profiles of the hub proteins, the expression of Gnal3, Gnagq,
Kras and MMP9 was found to be significantly changed in EC
compared with that in normal samples. Gnal3 is a member
of the G protein G12 subfamily and is highly expressed in
breast and prostate cancer (59). In addition, it has been previ-
ously associated with tumor metastasis and progression (60).
Muralidharan ef al (61) found the expression of Gnal3 in EC
tissues to be increased compared with that in normal tissues.
However, the opposite result was obtained in UCLUAN
database analysis. Thus, the role of Gnal3 in EC remains
controversial (60), which warrants further study. By contrast,
Padol et al (62) found a significant decrease in Gnaq protein
expression in the uterus of hypercholesterolemic mice (62), a
condition that has been found to indirectly increase the risk
of EC (63). Gnai3 is expressed to varying degrees in the
mammalian uterus, the decreased expression of which has
been indicated to result in the abnormal asymmetric division
of stem cells in vivo (64). The disturbance of this balance not
only affects normal development and growth but can also lead
to cancer-associated cell hyperproliferation (64-67). MMP9
is associated with tumor growth, apoptosis, angiogenesis and
metastasis; it has been reported to be overexpressed in EC,
where it is also associated with disease progression (68-71).
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The Kras gene is one of the most frequently mutated oncogenes
in cancer, which is regularly associated with poor prognosis
and treatment resistance (51). Previous studies (52,53) have
suggested that Kras mutations are associated with cell prolif-
eration and apoptosis, thereby upregulating the expression
of estrogen receptors in endometrial cells. In addition, Kras
appears to be directly associated with type I EC (52,53).

By contrast, Gnag and MMP9 may be associated with
proliferation in EC (62,68-71), which is inconsistent with
the results of CCK-8 assay in the present study, where
GnIH reduced HEC-1A cell viability. Indeed, RFRP-3
at 10,000 ng/ml inhibited the viability of HEC-1A cells.
Compared with that in the control group, the apoptotic rate
in RFRP-3 group was increased, whereas the expression of
Bcl-2 was decreased and that of Bax was increased. Kras was
selected for further study, since its protein expression levels
were increased in the tumor compared with normal tissues in
TCGA database analysis, whereas it was decreased in OEP rat
uterine fluid after the ICV injection of RFRP-3.

Western blotting revealed that RFRP-3 at 10,000 ng/ml
inhibited Kras expression. RFRP-3 reduced the expression of
components in the PI3K/AKT/mTOR pathway in both mRNA
and protein levels in HEC-1A cells. It has been shown that
hyperactivation of the PI3K/AKT/mTOR pathway is associ-
ated with the pathogenesis of EC, whereas inhibition of the
PIBK/AKT/mTOR pathway has important therapeutic signifi-
cance (72). Therefore, RFRP-3 may inhibit the viability of
HEC-1A EC cells whilst promoting apoptosis by inhibiting the
PIBK/AKT/mTOR pathway. mTOR serves an important role
in regulating autophagy in tumor cells (73). As in the present
study RFRP-3 was found to decrease mTOR, the expression
of autophagy markers LC3-II and p62 were detected (74). The
results showed that 10,000 ng/ml RFRP-3 increased the ratio of
LC3-II/ I whilst decreasing the expression of p62, suggesting
enhanced autophagy activity (74). We hypothesize that the
inhibitory effects of RFRP-3 on HEC-1A cells may be medi-
ated by activating the GPR147 receptor, which promotes the
hub protein Kras to activate the downstream PI3K/AKT/mTOR
pathway, thereby reducing the expression of Bcl-2, whilst
promoting the expression of Bax and inducing autophagy.

There are a number of limitations in the present study.
For the validation of the proteomics analysis, several of the
proteins identified via LC-MS/MS analysis should have been
confirmed by western blot analysis. In addition, although
GnIH/RFRP-3 may inhibit the immediate peripheral effects
on vertebrate gonads, the specificity and sensitivity of
GnIH/RFRP-3 in tissues and cells needs to be further veri-
fied. To enhance the consistency between in vivo and in vitro
experiments, primary human endometrial epithelial cell lines
should be used instead of EC cells. The cell cycle progres-
sion, immunohistochemistry, LC3 puncta and autophagic flux
should also be measured.

In summary, the present study showed that RFRP-3 affects
the uterus by upregulating MMP9 whilst downregulating
Gnal3, Gnaq, Gnai3 and Kras expression. In addition, RFRP-3
inhibited the viability but promoted the apoptosis of HEC-1A
cells. These results can encourage the further exploration
into the underlying molecular mechanism of the effects of
GnIH/RFRP-3 on the uterus and provide novel ideas for the
treatment of patients with EC.
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