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miR-206 serves an important role in polycystic
ovary syndrome through modulating ovarian
granulosa cell proliferation and apoptosis
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Abstract. An increasing number of studies have reported that
microRNAs (miRNAs) have an important role in polycystic
ovary syndrome (PCOS). Downregulation of miR-206 in
patients with PCOS has been found, however, its specific role
remains unclear. The present study aimed to investigate the
roles of miR-206 in (PCOS) and to determine the underlying
molecular mechanisms. Reverse transcription-quantitative
PCR (RT-qPCR) was performed to analyze the expression
levels of miR-206 in normal ovarian surface epithelial IOSE80
cells and human ovarian granulosa cell-like KGN cells.
TargetScan was used to predict the target gene of miR-206,
which was subsequently verified using a dual-luciferase
reporter gene assay. The mRNA expression levels of cyclin D2
(CCND2) and the transfection efficiencies of the miR-206
mimic and CCDN2 overexpression plasmid were determined
using RT-qPCR analysis. The protein expression levels of
CCND2, cleaved-caspase-3 and pro-caspase-3 were analyzed
using western blotting, and an MTT assay and flow cytometric
analysis were used to evaluate the cell viability and levels
of apoptosis, respectively, in the cells following transfec-
tion. Finally, the activity of caspase-3 was analyzed using a
caspase-3 activity assay kit. The results of the present study
revealed that the expression levels of miR-206 were downregu-
lated in KGN cells compared with IOSE80 cells. CCND2 was
predicted and verified to be a direct target gene of miR-206,
and the mRNA and protein expression levels of CCND2 were
discovered to be upregulated in KGN cells compared with
IOSES8O cells. The miR-206 mimic and CCND2 overexpres-
sion plasmid significantly upregulated the expression levels
of miR-206 and CCND2, respectively, in KGN cells. The
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miR-206 mimic also downregulated the expression levels of
CCND?2 in KGN cells, while this effect was reversed following
the transfection with the CCND2 overexpression plasmid.
Compared with the mimic control group, the miR-206 mimic
significantly decreased the cell viability, induced the levels
of apoptosis, increased the activity of caspase-3, upregulated
cleaved-caspase-3 protein expression levels and downregu-
lated pro-caspase-3 protein expression levels in KGN cells
following transfection; these effects were reversed following
the overexpression of CCND2. In conclusion, the findings of
the present study suggested that miR-206 may serve an impor-
tant role in PCOS through modulating ovarian granulosa cell
viability and apoptosis.

Introduction

Polycystic ovary syndrome (PCOS), also known as
Stein-Leventhal syndrome, is a series of symptoms caused by
increased levels of male hormones in women, which include
irregular menstruation, excessive menstruation, hirsutism,
acne, pelvic pain, difficulty in conception, acanthosis nigri-
cans and other symptoms (1-3). There are several conditions
related to PCOS, such as obesity, obstructive sleep apnea,
cardiovascular diseases, affective disorders and endometrial
cancer (4). PCOS is affected by genetic and environmental
factors; the risk factors include obesity, insufficient exercise
or family history (5). Currently, there is no specific cure for
PCOS (6,7). Therefore, the development of novel and effective
treatment strategies for PCOS are required.

The ovary is an important organ for follicle develop-
ment and ovulation, and the development of the follicle is
accompanied by the growth, development and differentiation
of granulosa cells (8,9). The proliferation and apoptosis of
ovarian granulosa cells was discovered to be closely associ-
ated with ovarian development (10,11), thus, ovarian granulosa
cells are usually used to study the associated mechanisms of
PCOS (12-14). For this reason, the present study also studied
PCOS using ovarian granulosa cells.

MicroRNAs (miRNAs/miRs) are a set of small non-coding
RNAs of 20-22 nucleotides in length, which are involved in
the growth of several types of cell and regulate the expres-
sion levels of target genes (15). An increasing number of
studies have suggested that miRNAs may be associated
with numerous types of human disease, including cancer,
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cardiovascular diseases, gynecological diseases and inflam-
matory diseases (16-19). In addition, previous studies have
reported the roles of miRNAs in PCOS, such as miR-27a-3p
and miR-518f-3p (20,21). The mechanisms by which miRNAs
are involved in the pathogenesis of PCOS are multifaceted and
include their ability to affect follicular development or promote
ovarian dysfunction, and to regulate ovarian hormones, and
granulosa cell proliferation and apoptosis (22,23). In previous
studies, the expression levels of miR-206, which is located on
human chromosome 6, were discovered to be downregulated
in patients with PCOS; however, its specific role remains
unclear (24).

The present study aimed to determine whether miR-206
served a significant role in patients with PCOS and further
investigated its molecular mechanisms to provide a deeper
theoretical basis and potential novel strategies for the treatment
of PCOS.

Materials and methods

Cell culture. Normal ovarian surface epithelial IOSES8O0 cells
were used as the control cells in the present study (25). IOSE80
cells and human ovarian granulosa cell-like KGN cells
were obtained from the American Type Culture Collection.
The cells were cultured in DMEM (Gibco; Thermo Fisher
Scientifc, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.), and maintained at 37°C in a humidified
atmosphere of 5% CO,.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was extracted from the cells using
an PicoPure™ RNA Isolation kit (Invitrogen; Thermo Fisher
Scientific, Inc.) and reverse transcribed into cDNA using a
High Capacity cDNA Reverse Transcription Kit (Invitrogen;
Thermo Fisher Scientific, Inc.). The following temperature
conditions for RT were as follows: 70°C for 5 min, 37°C for
5 min and 42°C for 60 min. gPCR was subsequently performed
to quantify the expression levels of miRNA and mRNA on
a Prism 7000 Real-Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.) using the SYBR qPCR Master
Mix (Vazyme Biotech Co., Ltd.) according to the manufac-
turer's protocol. The primers were supplied by Sangon Biotech
Co.,Ltd. The following thermocycling conditions were used for
the qPCR: Initial denaturation for 5 min at 95°C; followed by
40 cycles of denaturation at 95°C for 10 sec, annealing at 60°C
for 30 sec and extension at 72°C for 34 sec. GAPDH was used
as the internal loading control for mRNA expression levels,
while U6 was used as the internal loading control for miR-206
expression levels. The primer sequences used for the PCR
were listed as follows: GAPDH forward, 5'-CTTTGGTAT
CGTGGAAGGACTC-3' and reverse, 5'-GTAGAGGCAGGG
ATGATGTTCT-3"; U6 forward, 5-GCTTCGGCAGCACAT
ATACTAAAAT-3" and reverse, 5'-CGCTTCACGAATTTG
CGTGTCAT-3"; miR-206 forward, 5'-GCGTCTGGAATG
TAAGGAAGTG-3' and reverse, 5'-GTGCAGGGTCCGAGG
T-3'; and CCND2 forward, 5"TCCAAACTCAAAGAGACC
AGC-3"; and reverse, 5S"TTCCACTTCAACTTCCCCAG-3'.
The relative mRNA expression levels of miR-206
and cyclin D2 (CCND2) were quantified using the 2444
method (26). All experiments were performed =3 times.

Cell transfection. Following the overnight culture, KGN
cells (5x10* cells per well) were transfected with the 100 nM
mimic control (5'-UUUGUACUACACAAAAGUACU
G-3'; Shanghai GenePharma Co., Ltd.), 100 nM miR-206
mimic (5"TGGAATGTAAGGAAGTGTGTGG-3'"; Shanghai
GenePharma Co., Ltd.), 1 pug cyclin D2 CRISPR Activation
Plasmid (CCND2-plasmid; cat. no. sc-401236-ACT; Santa
Cruz Biotechnology, Inc.), 1 ug Control CRISPR Activation
Plasmid (control-plasmid; cat. no. sc-437275; Santa Cruz
Biotechnology, Inc.), 100 nM miR-206 mimic + 1 ug
control-plasmid or 100 nM miR-206 mimic + 1 ug
CCND2-plasmid using Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). Following trans-
fection at 37°C for 48 h, the transfection efficiency of the cells
was analyzed using RT-qPCR. Cells without any treatment
were used as the control.

miRNA target analysis and Dual-Luciferase reporter assay.
The relationship between miR-206 and CCND2 was deter-
mined using TargetScan release 7.1 software (Www.targetscan.
org/vert_71). The 3'-untranslated region (UTR) of CCND2
containing the target sequence of miR-206 was obtained
using RT-qPCR and cloned into a pmirGLO vector (Promega
Corporation) to construct the wild-type (WT) reporter
vector, CCND2-WT. Similarly, a mutant (MUT) vector,
CCND2-MUT, was created. A QuikChange Site-Directed
Mutagenesis kit (Stratagene; Agilent Technologies, Inc.)
was applied according to the manufacturer's instructions to
point-mutate the miR-206 binding domain in the 3'UTR of
CCND?2. Subsequently, 293 cells (5x10* cells per well) were
cultured at 37°C for 24 h and then co-transfected with 1 ng
CCND2-WT or 1 ng CCND2-MUT and the 100 nM miR-206
mimic or 100 nM mimic control using Lipofectamine 2000
reagent at 37°C for 48 h. The relative luciferase activity was
measured using a Dual-Luciferase reporter assay system
(Promega Corporation), according to the manufacturer's
protocol. The relative luciferase activity was normalized to
Renilla luciferase activity. All the experiments were performed
=3 times.

Western blotting. Total protein was extracted from IOSESO
and KGN cells using RIPA Lysis Buffer (Beyotime Institute
of Biotechnology). Total protein was quantified using a BCA
protein assay kit (Pierce; Thermo Fisher Scientific, Inc.) and
equal amounts (40 ug per lane) of protein were separated
via 10% SDS-PAGE. The separated proteins were subse-
quently transferred onto PVDF membranes and blocked with
PBS-(0.1%) Tween-20 (PBST) solution containing 5% non-fat
milk at room temperature for 1 h. The membranes were then
incubated with the following primary antibodies at 4°C over-
night: anti-CCND2 (cat. no. sc-376676; 1:1,000; Santa Cruz
Biotechnology, Inc.), anti-cleaved-caspase-3 (cat. no. 9664;
1:1,000; Cell Signaling Technology), anti-pro-caspase-3
(cat. no. sc-373730; 1:1,000; Santa Cruz Biotechnology,
Inc.) or anti-GAPDH (cat. no. sc-166574; 1:1,000; Santa
Cruz Biotechnology, Inc.). Following the primary antibody
incubation, the membranes were washed 3 times with PBST
and incubated with the horseradish peroxidase-conjugated
secondary antibodies (cat. nos. bs-0296G-HRP and
bs-0295G-HRP; 1:500; BIOSS) for 40 min at room
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temperature. The protein bands were visualized using an ECL
reagent (Pierce; Thermo Fisher Scientifc, Inc.), according to the
manufacturer's instructions. All experiments were performed
3 times. ImageJ software (version 2.0; National Institutes of
Health) was used to quantify the band intensity.

MTT assay. KGN cells (5x10* cells per well) were cultured in
96-well plates at 37°C for 24 h, then the cells were transfected
with 100 nM mimic control, 100 nM miR-206 mimic, 100 nM
miR-206 mimic + 1 ug control-plasmid or 100 nM miR-206
mimic + 1 ug CCND2-plasmid for 48 h. Subsequently,
10 u1 MTT solution (Beyotime Institute of Biotechnology)
was added/well and incubated at 37°C for a further 4 h.
Subsequently, 100 1 DMSO was added into each well at 37°C
for 3 h to solubilize the formazan product after the culture
medium was removed. The absorbance was measured at
570 nm using a microplate reader (Bio-Rad Laboratories, Inc.).
The cell viability was calculated by normalizing each group
with the control group using the optical density values.

Flow cytometric analysis of apoptosis. To analyze cell
apoptosis, Annexin V/PI Apoptosis Detection kit (Beyotime
Institute of Biotechnology) according to the manufacturer's
protocol. KGN cells were collected by trypsinization through
centrifugation (1,000 x g, 5 min, 4°C), washed with PBS
and then resuspended in 1X binding buffer at a density
of 1x10° cells/ml. Subsequently, 100 pl cell suspension
was added into a 5 ml tube, which was incubated with 5 ul
Annexin V-FITC and PI at room temperature for 20 min,
according to the manufacturers' protocols. The stained cells
were analyzed using a BD FACSCalibur flow cytometer (BD
Biosciences) and apoptotic rate (the percentage of early + late
apoptotic cells) was calculated. Data were analyzed using
CellQuest™ software (version 5.1; BD Biosciences). All the
experiments were performed =3 times.

Detection of caspase-3 activity. KGN cells (5x10* cells) were
plated into 96-well plates and incubated at 37°C overnight.
Following the incubation, the cells were transfected for 48 h,
as described above, and then collected by trypsinization
through centrifugation (600 x g; 4°C; 5 min). Subsequently, the
caspase-3 activity was immediately detected using a caspase-3
activity assay kit (Beyotime Institute of Biotechnology),
according to the manufacturer's protocol. The absorbance
was recorded at 405 nm using a microplate reader (Bio-Rad
Laboratories, Inc.); caspase-3 activity was measured using
optical density values.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism 6 software (GraphPad Software, Inc.)
and data are presented as the mean + standard deviation of
=3 independent experiments. Statistical differences between
groups were determined using an unpaired Student's t-test or
one-way ANOVA followed by Tukey's post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results

miR-206 expression levels are downregulated in KGN cells.
The relative expression levels of miR-206 in normal ovarian
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Figure 1. Expression levels of miR-206 in IOSE80 cells and KGN cells.
Reverse transcription-quantitative PCR was performed to analyze the mRNA
expression levels of miR-206 in IOSES0 cells and KGN cells. ““P<0.01 vs.
IOSES80. miR, microRNA.

surface epithelial IOSE80 cells and human ovarian granu-
losa KGN cells were analyzed using RT-qPCR. As shown
in Fig. 1, the expression levels of miR-206 were significantly
downregulated in KGN cells compared with in IOSE80 cells.

CCND?2 is a direct target gene of miR-206 and demonstrates
upregulated expression levels in KGN cells. To investigate
the molecular mechanisms of miR-206 in ovarian granulosa
cells, the direct target gene of miR-206 was identified through
the bioinformatics tool TargetScan. The predicted results
indicated that CCND2 was a potential target of miR-206
(Fig. 2A). In addition, a Dual-Luciferase reporter assay was
performed in 293 cells co-transfected with a luciferase vector
plasmid carrying CCDND2-WT/MUT and the miR-206
mimic or mimic control to validate the predicted binding
site of miR-206 on the CCND2 3'-UTR; the miR-206 mimic
significantly decreased the relative luciferase activity of the
CCND2-WT 3'-UTR compared with the mimic control and
CCDN2-WT-transfected cells, whereas no significant differ-
ences were observed in the relative luciferase activity between
the cells co-transfected with the CCND2-MUT 3'-UTR and
the miR-206 mimic or mimic control (Fig. 2B). These results
indicated that miR-206 may directly target CCND2. In addi-
tion, the mRNA and protein expression levels of CCND?2 in
TIOSESO cells and KGN cells were investigated. As shown in
Fig. 2C-E, the mRNA and protein expression levels of CCND2
were significantly upregulated in KGN cells compared with
IOSE&RO cells.

miR-206 downregulates the expression levels of CCND2
in KGN cells. KGN cells were transfected with the mimic
control, miR-206 mimic, CCND2-plasmid, or control-plasmid,
and RT-qPCR was used to analyze the transfection efficiency.
Compared with the mimic control group, the miR-206 mimic
significantly upregulated the expression levels of miR-206 in
KGN cells, while compared with the control-plasmid group,
the CCND2-plasmid significantly upregulated CCND2 mRNA
expression levels in KGN cells (Fig. 3A and B). In addition,
the results of the co-transfection in KGN cells revealed that
compared with the mimic control group, the miR-206 mimic
downregulated the mRNA and protein expression levels
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Figure 2. miR-206 directly targets CCND2. (A) Predicted WT miR-206 binding sites in the 3'-UTR of CCND2. (B) 293 cells were co-transfected with the
CCND2-WT/MUT 3'-UTR luciferase reporter plasmid and the miR-206 mimic or mimic control. Following 48 h of transfection, the relative luciferase activity
was analyzed using a Dual-Luciferase reporter assay. “P<0.01 vs. mimic control group. (C) mRNA expression levels of CCND2 in IOSE80 and KGN cells
were analyzed using reverse transcription-quantitative PCR. (D) Western blotting was performed to analyze the relative protein expression levels of CCND2
in IOSE80 and KGN cells. (E) Semi-quantification of CCND2 expression levels from part (D). “P<0.01 vs. IOSE80. miR, microRNA; CCND2, cyclin D2;
WT, wild-type; UTR, untranslated region; MUT, mutant.
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Figure 3. Transfection efficiency of the miR-206 mimic and CCND2-plasmid in KGN cells. (A) mRNA expression levels of miR-206 in KGN cells following
the transfection with the miR-206 mimic or mimic control were analyzed using RT-qPCR. “P<0.01 vs. mimic control group. (B) mRNA expression levels of
CCND?2 in KGN cells following the transfection with the control-plasmid or CCDN2-plasmid were analyzed using RT-qPCR. P<0.01 vs. control-plasmid
group. (C) mRNA expression levels of CCND2 in KGN cells following the different transfections were analyzed using RT-qPCR. “P<0.01 vs. mimic control
group; ““P<0.01 vs. miR-206 mimic + control-plasmid group. (D) Protein expression levels of CCND2 in KGN cells following the different transfections were
analyzed using western blotting. miR, microRNA; CCND2, cyclin D2; RT-qPCR, reverse transcription-quantitative PCR.
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Figure 4. Effects of the miR-206 mimic and CCND2-plasmid on cell viability and apoptosis in KGN cells. (A) Cell viability of transfected KGN cells was
analyzed using an MTT assay. (B) Flow cytometric analysis of apoptosis in transfected KGN cells. (C) Semi-quantification of the levels of cell apoptosis from
part (B). “P<0.01 vs. mimic control group; P<0.01 vs. miR-206 mimic + control-plasmid group. miR, microRNA; CCND2, cyclin D2; PI, propidium iodide.
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Figure 5. Effects of the miR-206 mimic and CCND2-plasmid on the activity and expression levels of caspase-3 in KGN cells. (A) Caspase-3 activity in KGN cells
following the different transfections was detected using a caspase-3 activity assay kit. (B) Protein expression levels of cleaved-caspase-3 and pro-caspase-3
in transfected KGN cells were analyzed using western blot analysis. (C) Semi-quantification of the ratio of cleaved-caspase-3/pro-caspase-3 expression
levels in transfected KGN cells from part (B). “P<0.01 vs. mimic control group; #P<0.01 vs. miR-206 mimic + control-plasmid group. miR, microRNA;
CCND2, cyclin D2.

of CCND2 in KGN cells; however, this reduction could be  miR-206 inhibits cell viability and induces cell apoptosis in
reversed by the co-transfection with the CCND2-plasmid KGN cells by targeting CCND2. An MTT assay and flow cyto-
(Fig. 3C and D). metric analysis were performed to determine the cell viability
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and levels of apoptosis. As shown in Fig. 4A-C, compared
with the mimic control, the miR-206 mimic significantly
reduced the cell viability and induced apoptosis in KGN cells,
while these effects were significantly reversed following the
co-transfection with the CCND2-plasmid.

miR-206 induces the apoptosis of KGN cells by regulating
caspase-3 activity. To investigate the potential mechanism
of miR-206 in the regulation of apoptosis in KGN cells, the
activity and related protein expression levels of caspase-3 were
analyzed in KGN cells following cell transfection. The results
revealed that compared with the mimic control, the miR-206
mimic significantly increased the activity of caspase-3, and
upregulated the protein expression levels of cleaved-caspase-3
and the cleaved-caspase-3/pro-caspase-3 ratio, while downreg-
ulating the protein expression levels of pro-caspase-3, in KGN
cells. All of these effects were significantly reversed following
the co-transfection with the CCND2-plasmid (Fig. 5A-C).

Discussion

PCOS is one of the most common types of endocrine disease
among women aged 18-44 years (4). In fact, it has been
suggested that the incidence of PCOS accounts for 6-10% of
women's reproductive years (27,28). PCOS is a primary cause
of infertility and the growth of ovarian granulosa cells has
been associated with the development of PCOS (29). In the
present study, IOSE80 cells and human ovarian granulosa
cell-like KGN cells were used and it was discovered that
the expression levels of miR-206 were downregulated in
KGN cells, which is consistent with a previous report (24).
The results also suggested that the downregulated miR-206
expression levels may be associated with the occurrence and
development of PCOS.

The present study further investigated the mechanisms of
miR-206 in PCOS. It was previously reported that CCND2
was a target gene of miR-206 (30), and the present study vali-
dated this finding. In addition, miR-206 mimic significantly
reduced CCND2 expression in KGN cells, indicating a nega-
tive regulatory mechanism was identified between miR-206
and its target gene CCND2. To determine whether miR-206
affected the viability of KGN cells by directly targeting
CCND?2, several experiments were performed in KGN cells
following the overexpression of miR-206 or CCND2. The
results of the MTT and flow cytometric analysis indicated that
the overexpression of miR-206 reduced the cell viability and
induced cell apoptosis in KGN cells, while these effects were
reversed following the upregulation of CCND2. However, in
the present study, the cell viability and apoptosis of cells was
detected using an MTT assay and flow cytometric analysis,
respectively; it is more reliable and convincing to detect cell
viability and the levels of apoptosis by various experimental
methods (such as TUNEL and BrdU assay), thus this is a
limitation of the present study.

The caspase family serve an important role in the
process of mediating cell apoptosis (31). Caspase-3, which
belongs to the cell death protein 3 subfamily, is the crucial
executor molecule that participates in numerous pathways
of apoptosis signal transduction (32,33). The present study
analyzed caspase-3 activity and expression levels, and the

results showed that miR-206 mimic significantly enhanced
caspase-3 activity, increased cleaved-caspase-3 protein level,
reduced pro-caspase-3 protein level and enhanced the ratio of
cleaved-caspase-3/pro-caspase-3, and all these changes were
reversed by CCND2-plasmid co-transfection. The findings
indicated that miR-206 and CCND2 may affect the viability
of KGN cells via regulating caspase-3.

In conclusion, the findings of the present study suggested
that miR-206 may serve a crucial role in PCOS through
modulating the cell viability and apoptosis of ovarian granu-
losa cells. These findings indicated that miR-206 may be an
effective target for the treatment of PCOS, which provides a
novel opportunity for the development of clinical therapies
for PCOS. However, the present study was only a preliminary
study of the role of miR-206 in PCOS. In order to clarify
the role and function of miR-206 in PCOS, further in-depth
research is required. For example, the expression levels
of miR-206 and its target gene CCND2 in ovarian tissue
or granulosa cells of patients with PCOS needs to be clari-
fied. Furthermore, the role of CCND?2 in regulating the cell
viability and apoptosis of ovarian granulosa cells should be
determined. In addition, the effects of miR-206 and CCND2
in PCOS should be investigated in vivo; for instance, the asso-
ciation between the expression levels of miR-206 and CCND2
and the clinicopathological variables of patients with PCOS
requires further analysis. Future research will aim to explore
these topics in depth.
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