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miR-28-5p suppresses cell proliferation and weakens
the progression of polycystic ovary syndrome
by targeting prokineticin-1
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Abstract. Prokineticin-1 (PROK1) serves important roles
in the pathogenesis of polycystic ovary syndrome (PCOS);
however, the association between microRNA (miR)-28-5p
and PROK1 remains unclear. In the present study, the roles
of miR-28-5p and PROKI1, and their interaction in PCOS
were investigated. Rat ovary granule cells were transfected
with miR-28-5p mimics, and PROK1 expression levels
were measured by reverse transcription-quantitative PCR
and western blotting. A dual-luciferase reporter assay was
performed to determine the association between miR-28-5p
and PROK1. Additionally, pcDNA-PROK1 was co-transfected
into rat ovary granule cells with miR-28-5p mimics. Cell
proliferation, apoptosis, cell cycle and the expression of
signaling proteins were investigated using Cell Counting Kit-8
assays, 5-ethynyl-2'-deoxyuridine staining, flow cytometry
and western blotting, respectively. PROK1 expression was
suppressed in rat ovary granule cells by miR-28-5p mimics, but
upregulated following transfection with miR-28-5p inhibitors.
The dual-luciferase reporter assay revealed that miR-28-5p
binds to the 3'-untranslated region of PROKI. Proliferation
activity was increased in PROK1-overexpressing cells; this
effect was eliminated by co-transfection with miR-28-5p
mimics. PROK1-overexpressing rat ovary granule cells exhib-
ited significantly suppressed cell apoptosis and a decreased
number of cells in G1; miR-28-5p mimics reversed these
effects. Western blotting revealed that the PI3K/AKT/mTOR
signaling pathway was activated by PROKI1. The present
results suggested that miR-28-5p attenuated the progression of
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PCOS by targeting PROK1, which may promote the pathogen-
esis of PCOS via the PI3K/AKT/mTOR pathway, indicating
that the miR-28-5p/PROKI1 axis may be a potential therapeutic
target for patients with PCOS.

Introduction

Polycystic ovary syndrome (PCOS) exhibits high morbidity
and affects ~4% of women of reproductive age worldwide (1,2).
PCOS is frequently accompanied by a number of alterations in
the reproductive, endocrine and metabolic pathways. Patients
with PCOS typically present with polycystic ovaries, insulin
resistance, chronic anovulation and infertility (3,4). Previous
studies revealed that PCOS pathogenesis is due to environ-
mental and genetic factors (5); however, efforts to understand
the underlying pathogenic mechanisms are complicated by the
heterogeneity of PCOS.

Prokineticin 1 (PROK1), also known as endocrine
gland-derived vascular endothelial growth factor (EG-VEGF),
is involved in ovarian physiology, endometrial receptivity,
embryo implantation and successful pregnancies, together
with its receptors [PROKI1 receptors (PROKRS)] (6,7).
Previous research revealed that PROK1 is an angiogenic and
proliferative factor predominantly expressed in the organs of
the female reproductive system (8). PROKI is also involved
in female reproductive pathophysiological processes (8). In
addition, PROK1 was reported to be differentially expressed
during the cycle of vascular morphogenesis in the primate
ovary and polycystic human ovaries, compared with
VEGF (9-11). There is also evidence that PROK1 mediates
placental angiogenesis directly or indirectly (11); however,
the precise mechanisms of PROK1 in PCOS require further
investigation.

MicroRNAs (miRNAs/miRs) are widely expressed small
RNAs that negatively regulate the post-transcriptional expres-
sion of functional genes (12). Aberrant expression of miRNAs
has been broadly identified as an important factor in the devel-
opment of metabolic disorders, such as insulin resistance and
obesity (13,14). A recent study reported that miRNAs serve
important roles in PCOS, and that the concentration of miR-155
in serum may be a biomarker for monitoring estroprogestinic
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treatment (15). Dysregulated expression of another miRNA,
miR-28-5p, has been frequently reported in the development of
various types of cancers, including hepatocellular carcinoma,
colorectal and prostate cancer (16-18), and most recently ovarian
cancer (19). Shi and Teng (18) demonstrated that miR-28-5p
expression was downregulated in hepatocellular carcinoma,
and that cell proliferation and tube formation capacity were
attenuated in cells expressing miR-28-5p. Our previous research
indicated that hypermethylation of the miR-28-5p promoter
reduces miR-28-5p expression and promotes cell proliferation
in rat ovary granulosa cells (Meng et al, unpublished data);
however, the downstream mechanisms underlying the effects
of miR-28-5p remain unclear.

A previous study indicated that cell proliferation and
follicular growth are activated during all stages of ovarian
development in PCOS, indicating that cell death in the ovary
may mediate follicular atresia (20). There is also evidence that
granulosa cell death occurs following oocyte apoptosis (21).
Therefore, cell proliferation and survival may be responsible
for the development of PCOS.

In the present study, decreased expression of PROK1
was reported in cells transfected with miR-28-5p mimics.
A dual-luciferase reporter assay indicated that miR-28-5p
targeted the 3'-untranslated region (3'-UTR) of PROK1, attenu-
ating PROK1 expression. Finally, cell proliferation, apoptosis
and cell cycle distribution were evaluated following transfec-
tion with a PROK1-overexpressing plasmid, in the presence or
absence of miR-28-5p mimics. The results of the present study
indicated that miR-28-5p inhibited the progression of PCOS
by targeting PROK1, which acts via the PI3K/AKT/mTOR
signaling pathway, suggesting that PROK1 may be a potentially
useful target in the treatment of PCOS.

Materials and methods

Cell culture and transfection. The rat ovary granulosa cells
used in the present study were primary cells prepared by Procell
Life Science & Technology Co., Ltd. (cat. no. CP-R050) via
mechanical separation, collagenase digestion and differential
adhesion. The cells were cultured in DMEM/F12 (HyClone;
GE Healthcare Life Sciences) with 15% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.), epidermal growth
factor (10 ng/ml; cat. no. E5036; Sigma-Aldrich; Merck KGaA),
and penicillin and streptomycin (100 U/ml) at 37°C and 5%
CO,. miR-28-5p mimics (50 nM), inhibitor (50 nM) and NC
(50 nM) were synthesized by Shanghai GenePharma Co., Ltd.,
and pcDNA3.0-PROKI1 plasmids (4 ug) were transfected into
cells using Lipofectamine® 2000 transfection reagent (Thermo
Fisher Scientific, Inc.) according the manufacturer's protocols.
Briefly, cells (1.5x10° cells/well) were seeded in six-well plates
containing complete medium without antibiotics for 24 h prior
to transfection. Cell transfection was conducted in six-well
plates, in which each well contains a total of 2 ml medium
with 5 ul Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) and 10 pl mimics. Assays were performed
24 h following cell transfection. Empty pcDNA3.0 vector was
used as a negative control (NC) for PROK1 overexpression.
Nonsense sequences were used as the NC for miR-28-5p
mimics and inhibitors. The sequences of mimics, inhibitor and
NC are the as follows: miR-28-5p mimics, 5'-"AAGGAGCTC
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ACAGTCTATTGAG-3"; miR-28-5p inhibitor 5'-UUCCUC
GAGUGUCAGAUAACUC-3'; NC, 5-UUCUCCGAACGU
GUCACGUTT-3.

Animals. Female Sprague Dawley rats (age, 21 days; weight,
50+10 g; n=12) had free access to food and water under a
controlled temperature of 23+2°C and humidity (55-65%) with
a 12-h light/dark cycle. A PCOS model was established as
previously described (22).

Plasmid construction. Total RNA was extracted using TRIzol
reagent (Takara Bio, Inc.) from ovary granulosa cells (cat.
no. CP-R050; Procell Life Science & Technology Co., Ltd.)
according to the manufacturer's protocols. Reverse transcrip-
tion reaction was performed using a Bester™ qPCR RT Kit
(cat. no. DBI-2220; DBI Bioscience). The reverse transcription
protocol was as follows: RNA denaturation at 65°C for 5 min;
genomic DNA removal at 37°C for 5 min; reverse transcrip-
tion at 37°C for 15 min; reverse transcriptase inactivation
at 98°C for 5 min. The vector pcDNA3.0 (Guangzhou Vipotion
Biotechnology, Co., Ltd.) was used for the overexpression of
PROKI1. The coding sequence of PROK1 was cloned using the
following primers: Forward 5'-CGGGATCCATGAGAGGTG
CTGTGCAAGTCT-3' and reverse, 5'-CCGCTCGAGCTA
AAAGTTGACATTCTTCAAGTCC-3". The PCR mixture
contained: 0,25 ul PrimeSTARRHS DNA Polymerase
(Clontech Laboratories, Inc.), 5 ul 5X PrimeSTAR buffer
(Clontech Laboratories, Inc.), 2 ul dNTP Mix (Clontech
Laboratories, Inc.); 0.5 ul primers (Sangon Biotech Co., Ltd.),
1 pl cDNA and 15.75 pl ddH2O0, (Takara Bio, Inc.). The ther-
mocycling conditions as follows: Initial denaturation at 94°C
for 5 min, followed by 30 cycles of 94°C for 30 sec; 58°C
for 30 sec; 72°C for 30 sec; 72°C 5 min. Then, amplification
products were ligated into the vector using BamHI and Xhol
restriction sites and identified via double enzyme digestion.
Empty vector was used as a NC. Animal experiments were
performed in compliance with the ARRIVE guidelines (23),
once ethical approval from the Nanfang Hospital Animal
Ethics Committee had been obtained.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNAs were extracted using TRIzol® reagent
(Takara Bio, Inc.) according to the manufacturer's protocols.
Total RNA (~400 ng) was reverse transcribed into cDNA
using a Bestar qPCR RT kit (cat. no. 2200; Kay Biological
Technology Co., Ltd.). Samples were incubated at 37°C for
15 min and at 85°C for 5 min. U6 small nuclear RNA was used
as an internal reference for miR-28-5p expression; primers
were obtained from Takara Bio, Inc. GAPDH was used as
internal reference; primers were synthesized by Sangon
Biotech Co., Ltd. A SYBR Green qPCR kit (Kay Biological
Technology Co., Ltd.) was used to quantify miRNA or
mRNA expression using a Stratagene Real time PCR system
(Mx3000P; Agilent Technologies, Inc.). The amplification
reactions were performed under the following conditions:
Initial denaturation at 95°C for 5 min, followed by 40 cycles of
95°C for 15 sec, 58°C for 20 sec, and 72°C for 30 sec. All gPCR
reactions were repeated at least three times. Relative mRNA
or miRNA expressions were calculated by 224 method (24).
The primers are listed in Table I.
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Table I. Primer sequences.

Gene symbols Sequence (5'-3")

U6 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT CTCA
miR-28-5p F: AAGGAGCTCACAGTCTATTGAG
Universal reverse R: ACTGGTGTCGTGGA

GAPDH F: CCTCGTCTCATAGACAAGATGGT
R: GGGTAGAGTCATACTGGAACATG
PROK1 F: CAACTGTCTCTGACTGTGCG

R: AAGGGATCTTGTGGCTTCCA

F, forward; R, reverse; PROK1, prokineticin 1; miR, microRNA.

Western blotting. Cells (~10°) were lysed using protein lysis
buffer (cat. no. PO013B; Beyotime Institute of Biotechnology)
and total protein was then extracted. Subsequently, a Pierce
BCA Protein Assay kit (cat. no. 23227; Pierce; Thermo Fisher
Scientific, Inc.) was used to determine the total protein
concentration. Equal amounts of total protein (10 ug) were
separated by 12% SDS-PAGE. The PVDF membrane was
placed in a 5% BSA blocking solution for 1.5 h at room
temperature. The membranes were incubated at 4°C for 12 h
with primary antibodies against PROK1 (1:500; cat. no.
ab72807; Abcam), Bcl-2 (1:1,000; cat. no. ab196495; Abcam),
Bax (1:1,000; cat. no. ab32503; Abcam), caspase-3 (1:500;
cat. no. ab13847; Abcam), p62 (1:1,000; cat. no. 16177; Cell
Signaling Technology), cyclin D1 (1:200; cat. no. ab16663;
Abcam), PI3K (1:1,000; cat. no. 42558S; Cell Signaling
Technology), phosphorylated (p-)PI3K (1:1,000; cat. no.
4228T; Cell Signaling Technology), AKT (1:1,000; cat. no.
4691S; Cell Signaling Technology), p-AKT (1:2000; cat. no.
4060S; Cell Signaling Technology), mTOR (1:1,000; cat.
no. 2983S; Cell Signaling Technology), p-mTOR (1:1,000;
cat. no. 55368S; Cell Signaling Technology) and GAPDH
(1:1,000; cat. no. ab8245; Abcam). The PVDF membrane
was placed in a diluted horseradish peroxidase-conjugated
rabbit anti-mouse immunoglobulin G secondary antibody
(1:10,000; cat. no. ab6728; Abcam) solution and incubated for
1 h at room temperature. The intensities of labeled proteins
were visualized using X-film (cat. no. 4741023951; Yestar
Healthcare Holdings Co., Ltd.; http:/www.yestarcorp.com/)
with an ECL chemiluminescence detection kit (BeyoECL
Plus; cat. no. PO018M; Beyotime Institute of Biotechnology)
and ImageJ (version 1.8.0; National Institutes of Health) was
used to quantify expression by densitometry.

Cell Counting Kit-8 (CCK-8). Cells (2x10%) transfected
with exogenous sequences were suspended in 200 pl culture
medium and seeded into 96-well plates. The CCK-8 assay
was conducted following culture under standard conditions
(37°C) for a further 48 h. Then, 10 ul CCK-8 reagent (Beijing
Solarbio Science & Technology Co., Ltd.) was added to
each well, followed by incubation for a further 1 h at 37°C.
Finally, the absorbance at 450 nm was detected for quantifi-
cation of cell proliferation rates using a plate reader (BioTek
Instruments, Inc.).
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5-Ethynyl-2'-deoxyuridine (EdU) staining and flow cytometry.
Cells (10 transfected with exogenous sequences were plated
into 96-well plates and cultured for 48 h. Then, 100 1 EdU
reagent (cat. no. B23151; Invitrogen; Thermo Fisher Scientific,
Inc.) was added to each well after washing with PBS. The
cells were incubated at 37°C for 2 h. 100 ul glycerol was
added to each well for neutralization after cells were fixed
with 4% paraformaldehyde for 15 min at room temperature.
Subsequently, 0.5% Triton X-100 was added into each well,
and cells were incubated for 10 min at room temperature,
followed by washing with PBS. Apollo reagents and Hoechst
33342 staining reagent included in an EdU kit (cat. no.
CA1170; Beijing Solarbio Science & Technology Co., Ltd.)
were used according to the manufacturer protocols. Then, the
cells were incubated for 30 min at room temperature. Cells
were analyzed via flow cytometry and the software used for
the analysis was Cytomics FC500 Flow Cytometry CXP
Software v2.0 (CytoFLEX; Beckman Coulter, Inc.).

Cell apoptosis and cell cycle distribution. Following
transfection, 10* cells were cultured for 48 h, and the apoptosis of
cells was then analyzed using the Annexin V-FITC/propidium
iodide (PI) cell apoptosis detection kit (BD Biosciences)
containing according to the manufacturer's protocols, and cells
were incubated at 4°C for 30 min. Cells with positive signals
for Annexin V-FITC and PI were in the late stage of apoptosis,
whereas cells with positive signals for Annexin V-FITC only
were in the early apoptosis stage. The total apoptosis ratio was
defined by the summation of late-apoptotic and early-apoptotic
cells.

Following transfection of cells with exogenous sequences,
cells were stained with PI dye was incubated at 4°C for 30 min
to determine the cell cycle distribution. A flow cytometer was
used to analyze the cells and the software used for the analysis
was Cytomics FC500 Flow Cytometry CXP Software v2.0
(Beckman Coulter, Inc.).

Dual-luciferase reporter assay. TargetScan 7.2 (http://www.
targetscan.org) was used to identify the putative targets of
miR-28-5p, and PROK1 was found to be one of the targets
of miR-28-5p. The software was used according to previous
report (25). The 3'-UTR sequences of the PROK1 gene were
obtained using primers (forward, 5'-CCGCTCGAGTGGGTG
ACCTCTTGTGTTACATCTG-3' and reverse, 5'-ATTTGC
GGCCGCCCCAGCCCACCTCACACTCATA-3'; Sangon
Biotech Co., Ltd.). Mutated (MUT) 3'-UTR sequences were
amplified using paired primers with a mismatched nucleotide
introduced in the upstream primer (MUT; forward, 5'-TTTCTT
TCATTGGCTCCGATGATGTTTTAGGAGTAAG-3' and
reverse, 5S'-CTTACTCCTAAAACATCATCGGAGCCAATG
AAAGAAA-3'; Sangon Biotech Co., Ltd.). Amplification
products including the wild-type (WT) and MUT 3'-UTRs of
PROKI1 were then separately ligated into Psi-CHECK?2 plas-
mids (cat. no. C8021; Promega Corporation). Psi-CHECK2
plasmids were co-transfected with miR-28-5p mimics or NC
into cells using Lipofectamine 2000™ and incubated for 48 h
at 37°C. The luciferase activities of firefly and Renilla were
measured with the Dual-Luciferase Reporter Assay system
(cat. no. C8021; Promega Corporation) according to the manu-
facturer's protocol. Firefly luciferase activity was normalized
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to Renilla luciferase activity. Cell lysates were collected using
a GloMax machine (Promega Corporation).

Statistical analysis. Data from >3 biological replicates for
each assay were presented as the mean + standard deviation,
and data were analyzed using SPSS 16.0 software (SPSS, Inc.).
Student's t-test was used to analyze differences between two
groups, and one-way analysis of variance followed by Tukey's
test was performed to compare differences between three or
more groups.

Results

miR-28-5p suppresses PROKI expression by targeting its
3'-UTR. To investigate the relationship between miR-28-5p
and PROK1, the mRNA expression levels of PROK1 were
analyzed by qPCR, and the protein expression was evaluated
via western blotting following transfection of ovary granule
cells with miR-28-5p mimics. It was demonstrated that
mRNA expression of PROK1 was significantly suppressed
in miR-28-5p overexpressing cells compared with the NC
(Fig. 1A). Similarly, the protein expression of PROK1 was
significantly downregulated following the transfection of
ovary granule cells with miR-28-5p mimics compared with
the NC (Fig. 1B). Conversely, transfection with miR-28-5p
inhibitor induced the opposite results in PROK1 expression in
ovary granule cells (Fig. 1A and B).

To determine whether miR-28-5p binds to PROKI, the
3'-UTR of PROKI1 was cloned and inserted into psi-CHECK?2
plasmids. For comparison, the binding site predicted by the
online database TargetScan was mutated, and then also
inserted into psi-CHECK?2 plasmids (Fig. 1C). Cells co-trans-
fected with WT 3'-UTR and miR-28-5p exhibited significantly
reduced luciferase activity compared with cells transfected
with NC or MUT 3'-UTR (Fig. 1D). The results indicated that
miR-28-5p negatively regulated PROK1 expression via direct
binding to its 3'-UTR.

PCOS development promoted by PROKI overexpression is
inhibited by miR-28-5p via the PI3K/AKT/mTOR signaling
pathway. PCOS is a common endocrine-reproductive
disease in females and it has been demonstrated that ovary
granular cells in PCOS patients showed increased apoptotic
rates (17,26). To verify whether PROK1 promotes PCOS in
rat ovary granule cells, a PROK1 overexpression plasmid was
constructed. Additionally, a rescue experiment series was
designed to further demonstrate the influence of the interac-
tion between miR-28-5p and PROKI1 on rat ovary granule
cell survival. As presented in Fig. 2A, a western blot assay
verified the overexpression of the PROK1 plasmid, revealing
that PROK1 was significantly upregulated in cells transfected
with the PROK1 overexpression plasmid compared with
empty vector. The overexpression of PROKI1 protein was
accompanied by significantly increased cell proliferation rates
in rat ovary granule cells (Fig. 2B and C); however, the effects
of PROK1 upregulation on proliferation were attenuated by
co-expression of PROK1 and miR-28-5p mimics, compared
with cells transfected with pcDNA-PROKI1 alone.
Additionally, apoptosis was significantly suppressed in rat
ovary granule cells overexpressing PROK1 compared with
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Figure 1. miR-28-5p suppresses PROK1 expression by targeting the 3'-UTR
of PROKI. (A) mRNA expression of miR-28-5p and PROKI1 in rat ovary
granule cells. (B) Protein expression of PROK1. (C) WT and MUT sequences
in the 3'-UTR of PROKI1 involved in binding with miR-28-5p. 'P<0.01,
as indicated. (D) Dual-luciferase reporter assay confirming an interac-
tion between miR-28-5p and the PROK1 3'-UTR. All data are presented
as the mean = SD. "P<0.01 vs. NC (n=3). miR-28-5p, microRNA-28-5p;
PROKI1, prokineticin 1; 3'-UTR, 3'-untranslated region; NC, negative
control; WT, wild type; MUT, mutant.
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transfection with pcDNA3.0 PROK1. “P=0.0015 vs. pcDNA3.0. (B) Cell Counting Kit-8 assay demonstrating that miR-28-5p inhibited the PROK 1-promoted
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PROK1, prokineticin 1; mimics, miR-28-5p mimics; EdU, 5-ethynyl-2'-deoxyuridine.

empty vector (Fig. 3A and B), and a significantly increased
percentage of these cells were in S phase (Fig. 3C and D). These
tendencies were attenuated by co-transfection with miR-28-5p
mimics, which elevated cell apoptosis, and redistributed cells
to the GO/G1 phase compared with pcDNA-PROK1 alone. The
expression of apoptosis- and cell cycle-associated proteins was
investigated via western blotting (Fig. 3E). Compared with
empty pcDNA3.0 vector, transfection with pcDNA3-PROK1
significantly upregulated Bcl-2 and cyclin DI expression,
whereas caspase-3, Bax and p62 expression levels were
downregulated; however, co-transfection with miR-28-5p
mimics attenuated these effects. Additionally, it was revealed
via western blotting that PI3K/AKT/mTOR activation was
also potentiated in PROK1-overexpressing cells compared
with the control (Fig. 3F). Conversely, this activation was
reversed by co-transfection with miR-28-5p mimics. These
results indicated that PROK1 promoted the proliferation and
suppressed the apoptosis of rat ovary granule cells via the
PI3BK/AKT/mTOR signaling pathway.

Discussion

Abnormal expression of miRNAs has been reported in a
variety of cancers, resulting in increased attention regarding
the potential pathogenic effects of miRNAs on cancer initia-
tion and progression (27,28). miR-28-5p has been reported to
be closely associated with tumor carcinogenesis. For example,
hepatocellular carcinoma progression was suppressed by
miR-28-5p via the targeting of insulin-like growth factor-1
(IGF-1) (18); miR-28-5p also exerts a number of antitumor
effects in renal cell carcinoma via the regulation of Ras-related
protein Rap-1B (29). Additionally, miR-28-5p was reported to
be downregulated in colorectal cancer tissue compared with

in normal colon tissue, and to suppress colorectal cancer
cell proliferation, migration and invasion (30). Conversely,
certain studies have suggested that miR-28-5p may also serve
as a potential marker for the development and progression of
cancers (19,31). For example, it was reported that miR-28-5p
may promote the development and progression of renal cell
carcinoma by increasing the risk of chromosomal instability
and promoting checkpoint weakness (31). Additionally,
miR-28-5p acted as a carcinogenic biomarker to enhance
ovarian cancer cell proliferation, inhibit cell apoptosis, and
contribute to migration and invasion (19). In the present study,
it was demonstrated that miR-28-5p suppressed cell prolif-
eration, and induced cell cycle arrest and apoptosis in PCOS.
Therefore, miR-28-5p regulate PCOS and inhibit PCOS
progression.

It has been previously reported that miRNAs contribute to
the regulation of various physiological processes by targeting
mRNAs (32,33). And the activation or suppression of the
mRNA by these miRNAs could induce positive or negative
effects on the progression of various diseases, including
PCOS (34-36). For example, miR-324-3p expression was
observed to be reduced in PCOS; miR-324-3p inhibited the
proliferation, and promoted the apoptosis of granulosa cells by
targeting Wnt-2B (37). In addition, miR-93 promoted ovarian
granulosa cell proliferation by targeting cyclin-dependent
kinase inhibitor 1A in PCOS (38). miR-483 suppressed cell
proliferation in PCOS by targeting IGF-1 (39). In the present
study, it was demonstrated that miR-28-5p negatively regulated
PROK1 expression by binding to the 3'-UTR of PROKI.

The present findings suggested that miR-28-5p was
involved in PCOS by regulating PROK1. PROK1 serves an
important role in angiogenesis, and it was observed that the
concentration of VEGF in the ovaries of females with PCOS
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Figure 3. PROK1-induced apoptosis suppression and cell cycle distribution shift are reversed by miR-28-5p mimics in rat ovary granulosa cells.
(A and B) Decreased apoptosis in cells co-transfected with miR-28-5p and PROK1 was observed when compared with cells transfected with PROK1 alone, as
determined by flow cytometry. (C and D) Cell cycle distribution in cells co-transfected with mimics and PROK1 compared with PROK-transfected cells alone,
as determined by flow cytometry. (E) Altered expression of Bax, Bcl-2, Caspase 3, p21 and cyclin D protein induced by PROK1 overexpression were reversed
by miR-28-5p. (F) Activation of the PI3K/AKT/mTOR signaling pathway following transfection with pcDNA-PROKI1, or co-transfection with pcDNA-PROK1
and mimics. All data are presented as the mean = SD. "P<0.05,P<0.01 and "“P<0.001, as indicated (n=3). miR-28-5p, microRNA-28-5p; PROK, prokineticin
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was increased compared with healthy females (40). In addi-
tion, previous studies also demonstrated that PROK1 promoted
human umbilical vein endothelial cell proliferation, differenti-
ation and survival (7,41). Furthermore, PROK1 also promoted
the morphogenesis of vascular endothelial cells into tube-like
structures, as observed in 2D-model experiments (42). In the
present study, it was demonstrated that the overexpression of
PROKI1 promoted cell proliferation, and inhibited cell cycle
arrest and apoptosis in PCOS. The present findings further
indicated that PROK1 may accelerate PCOS progression.

The cell cycle is a series of important cellular events
that occurs during various physiological and pathological
processes, and the initiation of G1 phase is critical during cell
cycle progression (43,44). Cyclins are important regulators of
cell cycle progression. Cyclin D1, as a key regulatory protein
of GI phase progression, has been established as a major
indicator of cell cycle progression, with increased sensitivity
when compared with other cyclins (45). Specifically, cyclin
D1 promotes the transition from G1 to S phase by binding
and activating cyclin-dependent kinase 4 (CDK4), which

accelerates cell proliferation (46). Previous studies have
reported that p62 serves important roles in cell cycle progres-
sion by reducing the ubiquitinylation-mediated degradation of
CDK1 and accelerating G2/M phase progression (47,48). In the
present study, it was demonstrated that PROK1 upregulated
cyclin D1 expression and downregulated p62 expression in
ovary granule cells, whereas miR-28-5p mimics reversed these
effects, which indicated that miR-28-5p promoted cell cycle
arrest by targeting PROK1 in PCOS.

Apoptosis is an important biological death process that is
genetically controlled, which serves as an important mechanism
for maintaining a stable internal environment (49). Caspase-3,
Bcl-2 and Bax are central functional proteins in apoptosis path-
ways (50). Caspases are a class of cysteine aspartic acid-specific
proteases in the cytoplasm; caspase-3, also known as 32 kDa
cysteine protease, is a member of the interleukin-Ip-converting
enzyme family (51). Caspase-3 is a common downstream factor
in various apoptotic pathways. Bcl-2 exhibits anti-apoptotic
effects, whereas Bax protein is structurally similar to Bcl-2 but
induces opposing effects on cell apoptosis (52). In the present



Bzl SPANDIDOS
7] ,§, PUBLICATIONS

study, PROK1 decreased caspase-3 and Bax expression, and
increased Bcl-2 expression, whereas treatment with miR-28-5p
mimics attenuated these alterations in protein expression.
Therefore, it was further indicated that miR-28-5p promoted
cell apoptosis by targeting PROK1 in PCOS.

The PI3K/AKT pathway serves an important role in medi-
ating ovarian granular cell function (53-56). PI3K activation
induces the phosphorylation of AKT proteins and mTOR gene
expression, leading to the activation of downstream signaling
associated with cell proliferation, survival and angiogen-
esis (57). Patients with PCOS show decreased ovary granular
cells caused by decreasing viability of cell proliferation or
survival (20). Previous studies showed that the PI3K/AKT
signaling pathway is activated in PCOS (53,54). Upregulation
of Wnt-5a, which acts as a proinflammatory factor, is a
signal to PI3K/AKT, activating inflammation and oxida-
tive stress in the granulosa cells of patients with PCOS via
NF-«B (53). Additionally, Xin et al (55) reported that patients
with insulin resistance underwent significant alterations to
the PI3K/AKT/GSK3 signaling pathway. The present study
demonstrated that PROK1 affect the progression of PCOS
involved in the PI3K/AKT/mTOR signaling pathway.

In conclusion, these findings suggested that miR-28-5p
could attenuate the progression of PCOS by targeting the
3'-UTR of PROK Iwhich may involved in the PI3K/AKT/mTOR
pathway, indicating that the miR-28-5p/PROK1 axis may be a
potential therapeutic target for patients with PCOS.
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