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Abstract. MicroRNAs (miRNAs) are widely involved in 
regulation of cellular processes of polycystic ovary syndrome 
(PCOS). However, the function of miR‑320a in PCOS remains 
unclear. The present study aimed to explore the effect of 
miR‑320a on PCOS cell proliferation and apoptosis following 
treatment with insulin, and to clarify the underlying mecha-
nism. PCOS tissues and corresponding normal tissues were 
collected from 16 female patients with PCOS. KGN cells were 
pre‑treated with insulin, and KGN cells were transfected with 
ASO‑miR‑320a, miR‑320a mimics and polycomb group ring 
finger 1 (PCGF1) overexpression plasmids. Expressions of 
miR‑320a and PCGF1 were detected using the reverse tran-
scription‑quantitative polymerase chain reaction (RT‑qPCR). 
Dual‑Luciferase reporter assays were performed to inves-
tigate the target gene of miR‑320a. MTS, colony formation 
and flow cytometry assays were performed to determine 
cell viability, colony formation, and apoptosis, respectively. 
Furthermore, mRNA and protein expression levels of B‑cell 
lymphoma 2 apoptosis regulator (Bcl‑2) and Bcl‑2 associated 
protein X apoptosis regulator (Bax) were examined using 
RT‑qPCR and western blotting. The results demonstrated that 
miR‑320a expression was significantly increased in PCOS 
tissues compared with normal tissues. Moreover, miR‑320a 
was upregulated in insulin‑induced cells in a dose‑dependent 
manner. Inhibition of miR‑320a suppressed insulin‑induced 
cell viability and colony formation, and promoted apoptosis. 
Luciferase reporter assays demonstrated that PCGF1 was 

a target of miR‑320a. Additionally, PCGF1 overexpression 
inhibited cell viability and colony formation and promoted 
apoptosis. Additionally, the mRNA and protein levels of Bcl‑2 
were inhibited by miR‑320a suppression and PCGF1 over-
expression, while Bax expression was promoted by them in 
insulin‑induced cells. The results of the present study demon-
strated that miR‑320a inhibition decreased insulin‑induced 
KGN cell proliferation and apoptosis by targeting PCGF1. 
These data indicated that miR‑320a may serve as a potential 
diagnostic biomarker for PCOS.

Introduction

Polycystic ovary syndrome (PCOS) is a common clinical 
endocrine disorder in women with high prevalence and 
socioeconomic costs, affecting ~10% women of reproductive 
age (1‑3). Anovulatory infertility and compensatory hyperin-
sulinemia are common symptoms of PCOS (3,4). Women with 
PCOS have been demonstrated to be at higher risk for type 
2 diabetes, with >60% of women with PCOS diagnosed with 
insulin resistance (4).

The pathogenesis of PCOS is complex and the mecha-
nisms remain unclear (5). The number of growing follicles in 
PCOS ovaries is doubled, and there is an active relationship 
between granulosa cell proliferation and growing follicles (4). 
Numerous studies have demonstrated that PCOS is associ-
ated with genetic factors including microRNAs (miRNAs or 
miRs) (4,6). miRNAs are involved in the development and 
progression of many human diseases, including some which 
have been demonstrated to be crucial for the pathogenesis of 
PCOS, including miR‑93 (4), miR‑21 (7) and miR‑320 (8). 
miR‑93 is a biomarker identified to be differentially expressed 
in PCOS adipose tissues  (4). miR‑93 promotes ovarian 
granulosa cell proliferation by targeting solute carrier family 
2 member 4 (SLC2A4, also known as GLUT4) or/and cyclin 
dependent kinase inhibitor 1A (CDKN1A), and insulin 
administration has been demonstrated to upregulate miR‑93 
expression and cell proliferation (3,4). A negative relation-
ship has been revealed between expression of miR‑93 and 
CDKN1A, and miR‑93 overexpression and knockdown of 
CDKN1A are demonstrated to promote cell growth and cell 
cycle progression in KGN granulosa cells (3). miR‑320a is a 
cancer related miRNA that is important in disease progression 
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and pathogenesis and modulates several target genes, including 
integrin subunit beta 3 (ITGB3) (9), ras‑related C3 botulinum 
toxin substrate 1 (Rac1) (10), and mitogen‑activated protein 
kinase 1 (MAPK1) (11), which participates in various signaling 
pathways in diseases (12). However, the effect of miR‑320a 
on cell function of KGN granulosa cells has previously been 
remained unclear.

The present study aimed to investigate the effect of 
miR‑320a on PCOS cell function, using PCOS samples 
collected from 16 patients and KGN granulosa cells. miR‑320a 
expression in PCOS tissues and insulin treated KGN cells 
was detected using reverse transcription‑quantitative poly-
merase chain reaction (RT‑qPCR). Cell functions, including 
cell viability, cell colony formation and cell apoptosis, were 
detected in insulin treated or insulin plus miR‑320a anti-
sense oligonucleotide/plasmid of miR‑320a predicted target. 
The present study therefore expands what is known about  
the effect of miR‑320a on PCOS granulosa cells and presents 
it as a potential biomarker for PCOS.

Materials and methods

Collection of clinical samples. Between January 2013 and 
December 2014, a total of 16 female patients with PCOS 
were recruited from The Second Affiliated Hospital of 
Zhengzhou University (Zhengzhou, China). The selec-
tion of PCOS samples was primarily based on the clinical 
criteria for PCOS, the revised Rotterdam European Society 
of Human Reproduction and Embryology/American Society 
for Reproductive Medicine criteria (2003). The baseline 
information of patients, including fasting insulin levels, was 
collected (3). PCOS samples and corresponding non‑tumor 
normal tissues were obtained from patients who had under-
gone laparoscopic surgery, and were assigned to two groups 
according to the insulin level: High or normal. The present 
study was approved by the Research Ethics Committee of 
The Second Affiliated Hospital of Zhengzhou University. 
Informed and written consent was obtained from all patients 
prior to surgery. Samples were cut into pieces and stored at 
‑80˚C until required.

Cells, cell culture, insulin induction and transfection. Human 
granulosa‑like tumor cell line KGN was obtained from 
Sciencell Research Laboratories, Inc. (Carlsbad, CA, USA) 
and grown in DMEM/F12 medium (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) with 10% (v/v) 
fetal bovine serum (FBS; Sciencell Research Laboratories, 
Inc.), 100  U/ml penicillin G and 0.1  mg/ml streptomycin 
sulfate (Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C 
with 5% CO2. Cells were seeded into 6‑well plates at a density 
of 2x105 cells per well and treated with recombinant human 
(rh) insulin (Roche Diagnostics, Basel, Switzerland) at 0, 1, 
10 or 100 ng/ml for 24 h. ASO‑miR‑320a was synthesized 
by Shanghai GenePharma Co., Ltd. (Shanghai, China), and 
Polycomb group ring finger 1 (PCGF1) was obtained from 
the laboratory of the First Affiliated Hospital of Zhengzhou 
University (Zhengzhou, China) and was cloned into the 
pcDNA3.1 vector (Sangon Biotech Co., Ltd., Shanghai, China) 
for overexpression of PCGF1. KGN cell transfections were 
performed using Lipofectamine 2000 reagent (Invitrogen; 

Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol, for 72 h.

MTS assay. Cell viability was examined using MTS assays (3). 
Briefly, cells transfected with ASO‑miR‑320a or PCGF1 
expression plasmids were plated on 96‑well plates at a density 
of 1,500 cells/well for 24, 48 and 72 h. For insulin treat-
ment, rh insulin at 0, 1, 10, 100 ng/ml cells were placed into 
96‑well plates, then 20 µl MTS (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) was added to each well and incubated 
for a further 3 h at 37˚C in a humidified 5% CO2 and 95% air 
atmosphere. The absorbance at 490 nm for each sample was 
measured using a microplate reader (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA).

Colony formation assays. KGN cells (600 cells per well) were 
plated in 12‑well plates for 14 days, with the medium replaced 
every 3‑5 days. Cells were stained with crystal violet and the 
number of colonies with more than 50 cells was counted. Each 
treatment was performed in triplicate.

Cell apoptosis assay. KGN cells at 5x105  cells/well were 
cultured and were stained with fluorescein isothiocyanate 
(FITC)‑conjugated Annexin V and propidium iodide (PI) 
and incubated in a dark at room temperature for 30 min and 
subjected to the flow cytometry according to the manufactur-
er's protocol (Beijing Biosea Biotechnology Co., Ltd., Beijing, 
China). The percentage of apoptotic cells was detected using a 
FACS Sort Flow Cytometer (BD Biosciences, Franklin Lakes, 
NJ, USA) at 488 nm.

Luciferase reporter assay. Targetscan (www.targetscan.org) 
and microRNA database (www.microrna.org) were used 
to predict that PCGF1 was a potential target of miR‑320a. 
Dual‑luciferase reporter assays were performed using 
the methods reported by Jiang  et  al  (3). In brief, KGN 
cells were cultured and transfected with reporter vector 
PCGF1‑3'UTR wild type (WT) and mutant (MUT), together 
with miR‑320a mimics, ASO‑miR‑320a or negative control 
using Lipofectamine 2000 (Invitrogen) for 48 h. Cells were 
then harvested and the Dual‑luciferase Reporter Assay  
System (Promega Corporation, Madison, WI, USA) was used 
to assay the luciferase activity, according to the manufacturer's 
instructions.

Western blot analysis. Following incubation under various 
conditions, 1x105 KGN cells were harvested, washed and 
re‑suspended in radio immunoprecipitation assay cell lysis 
solution (Beyotime Institute of Biotechnology, Haimen, 
China). Protein concentrations were determined using 
the bicinchoninic acid assay kit (Pierce; Thermo Fisher 
Scientific, Inc, ). Samples were separated by 10% SDS‑PAGE 
and transferred onto polyvinylidene difluoride membranes 
(Merck KGaA). Membranes were blocked in 5% bovine 
serum albumin (Roche Diagnostics) in TBS‑Tween 20 at 
room temperature for 1 h and probed with antibodies against 
PCGF1 (cat. no.  ab84108), B‑cell lymphoma 2 apoptosis 
regulator (Bcl‑2; cat. no. ab59348), Bcl‑2 associated protein 
X apoptosis regulator (Bax; cat. no. ab53154) and GAPDH 
(cat. no. ab37168) (all Abcam, Cambridge, UK) at a dilution of 
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1:1,000 overnight at 4˚C. Membranes were then incubated with 
horseradish peroxidase‑conjugated secondary antibodies (cat. 
no. ab205718; Abcam) at a dilution of 1:5,000 for 1 h at room 
temperature, then immunoreactive protein bands were visu-
alized using enhanced chemiluminescence (GE Healthcare, 
Chicago, IL, USA) and analyzed using Image Gauge 4.0 soft-
ware (Fujifilm Corporation, Tokyo, Japan).

RT‑qPCR. Total RNA was extracted and prepared using TRIzol 
reagent (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. For detection of miR‑320a (forward: 
5'‑GGG​AAA​AGC​TGG​GTT​GAG​A‑3'; reverse: 5'‑CAG​TGC​
GTG​TCGT​GGA​GT‑3') and the U6 control (forward: 5'‑CTT​
CGG​CAG​CAC​ATA​TAC​T‑3'; reverse: 5'‑AAA​ATA​TGG 
AAC​GCT​TCA​CG‑3'), RNA was reverse transcribed using a 
PrimeScript RT reagent Kit (Takara Bio, Inc., Otsu, Japan). For 
detection of PCGF1 (forward: 5'‑GTA​TGT​CCG​ATG​TTC​TGT​
TAG‑3'; reverse: 5'‑GCC​ATA​TCT​GCT​TCA​TTG​TC‑3') and 
control GAPDH (forward: 5'‑GGA​GCG​AGA​TCC​CTC​CAA​
AAT‑3'; reverse: 5'‑GGC​TGT​TGT​CAT​ACT​TCT​CAT​GG‑3'), 
reverse transcription of total RNA was performed using a 
PrimeScript RT reagent kit with gDNA Eraser (Takara). qPCR 
was performed using a SYBR green PCR master mix (Takara 
Bio, Inc.) with a LightCycler Real‑Time PCR System (Roche 
Applied Science, Penzburg, Germany). The reaction conditions 
were as follows: Initial denaturation was performed at 95˚C for 
10 min, followed by 30 cycles of denaturation for 30 sec at 
95˚C, annealing at 60˚C for 1 min, extension at 72˚C for 15 sec, 
and the final extension was at 72˚C for 10 min. These data 
were calculated by the 2‑ΔΔCt method (13).

Statist ical analysis. Values are expressed as the 
mean ± standard deviation (SD) of three independent experi-
ments. Statistical analyses were performed using GraphPad 
Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). The 
P‑values were calculated using a one‑way analysis of variance 
followed by Duncan's multiple‑range test. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

miR‑320a expression is increased in PCOS tissues. The expres-
sion levels of miR‑320a in PCOS samples and corresponding 
normal tissues from 16 patients with PCOS were examined by 
RT‑qPCR. The results demonstrated that miR‑320a expression 
was significantly higher in PCOS samples than in the normal 
tissues (P<0.05; Fig. 1A). Further study revealed that that 
miR‑320a expression was significantly higher in the PCOS 
samples from patients with high insulin levels compared with 
the normal group (P<0.01; Fig. 1B). It was therefore hypoth-
esized that miR‑320a expression was insulin‑dependent. To 
test this hypothesis, miR‑320a expression was detected in 
KGN cells treated with gradually increasing concentrations of 
rh insulin. As predicted, miR‑320a expression increased in a 
concentration‑dependent manner (P<0.05; Fig. 1C).

miR‑320a inhibition reduces insulin‑induced KGN cell 
viability, colony formation and induces cell apoptosis. To 
investigate the effect of miR‑320a on KGN cell function, KGN 
cells were treated with either 100 ng/ml rh insulin alone or 

100 ng/ml rh insulin plus ASO‑miR‑320a. Insulin treatment 
significantly increased cell viability compared with untreated 
control cells (P<0.05; Fig. 2A). However, cells in which the 
expression of miR‑320a was inhibited with ASO‑miR‑320a, 
cell viability was significantly reduced compared with the 
insulin group (P<0.01, Fig. 2A). These results indicated that 
increased cell viability was induced by insulin treatment, 
while the administration of ASO‑miR‑320a inhibited the 
insulin‑induced cell viability.

Colony formation assays were then performed to examine 
the effect of miR‑320a on KGN cell colony formation. Results 
revealed that insulin treatment significantly increased colony 
formation compared with untreated control cells (P<0.05; 
Fig. 2B), while ASO‑miR‑320a inhibited the effect of insulin 
on colony formation (P<0.05; Fig. 2B).

Cell apoptosis was then detected using flow cytometry 
with FITC‑conjugated annexin V/PI staining. The results 
indicated that insulin administration inhibited cell apoptosis 
compared with untreated control cells (P<0.05; Fig.  2C). 
Again, ASO‑miR‑320a administration counteracted the effect 
of insulin, resulting in a significantly higher percentage of 
cell apoptosis in the insulin + ASO‑miR‑320a group than in 
the insulin group (P<0.05; Fig. 2C). In view of these results 
regarding cell apoptosis, mRNA and protein expression levels 
of Bax and Bcl‑2 were detected using RT‑qPCR and western 
blotting assays, respectively (Fig. 2D and E, respectively). The 
results demonstrated that insulin treatment alone promoted 
Bcl‑2 expression and inhibited Bax expression compared 
with untreated control cells (Fig.  2D and E). However, 
administration of ASO‑miR‑320a reduced the insulin‑induced 
expression of Bcl‑2 and insulin‑reduced expression of Bax 
(Fig. 2D and E). This suggested that insulin treatment alone 
increased the Bcl‑2/Bax ratio, and insulin plus ASO‑miR‑320a  
treatment reduced the insulin‑induced upregulation of the 
Bcl‑2/Bax ratio.

PCGF1 is a target of miR‑320a. Targetscan software and 
microRNA database predicted that PCGF1 was a potential 
target of miR‑320a (Fig. 3A). Followed by verification of this 
prediction using a Dual‑Luciferase reporter assay with vectors 
containing the WT and mutated PCGF1 3'UTR. Relative 
luciferase activity was significantly reduced following 
co‑transfection of miR‑320a mimics and PCGF1‑3'UTR‑WT, 
compared with transfection with PCGF1‑3'UTR‑WT and 
control (P<0.01; Fig. 3B); however, there was no significant 
difference between co‑transfection of miR‑320a mimics 
and PCGF1‑3'UTR‑MUT, compared with transfection with 
PCGF1‑3'UTR‑MUT and control P>0.05; Fig. 3B). In addition, 
co‑transfection of ASO‑miR‑320a and PCGF1‑3'UTR‑WT 
significantly higher relative luciferase activity than co‑ 
transfection ASO‑NC and PCGF1‑3'UTR‑WT (P<0.01; 
Fig. 3B). However, there was no significant difference between 
co‑transfection of ASO‑miR‑320a and PCGF1‑3'UTR‑MUT, 
compared with t ransfect ion with ASO‑NC and 
PCGF1‑3'UTR‑MUT (P>0.05; Fig. 3B).

PCGF1 mRNA and protein expression levels were then 
determined in cells with miR‑320a expression induced or 
inhibited, with miR‑320a mimics or ASO‑miR‑320a, respec-
tively. Expression of PCGF1 mRNA and protein reduced 
following transfection with miR‑320a mimics compared 
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with control (P<0.01; Fig. 3C and D), and was upregulated in 
ASO‑miR‑320a transfected cells compared with NC (P<0.05; 
Fig. 3C and D). A negative relationship between miR‑320a and 
PCGF1 expression was, therefore, confirmed.

PCGF1 inhibits cell viability, colony formation and promotes 
cell apoptosis. Since PCGF1 was a target of miR‑320a and 
there were a negative relationship between them, it was 
speculated that PCGF1 expression would modulate KGN 
cell function as miR‑320a inhibition did. Overexpression of 
PCGF1 was successfully induced via transfection in KGN 
cells (data not shown), and cell viability was detected in KGN 
cells were pre‑treated with 100  ng/ml rh insulin. Results 
indicated that insulin administration significantly increased 
cell viability compared with untreated control cells (P<0.05; 
Fig. 4A), and overexpression of PCGF1 significantly inhibited 
insulin‑induced cell growth (P<0.05, Fig. 4A). Colony forma-
tion assays were then performed to examine the effect of 
PCGF1 overexpression on KGN cell colony formation: Results 
revealed that insulin treatment significantly increased colony 

formation compared with untreated control cells (P<0.05; 
Fig. 4B), while PCGF1 overexpression inhibited the effect 
of insulin on colony formation (P<0.05; Fig. 4B). Analysis of 
cell apoptosis confirmed that cells transfected with PCGF1 
expression plasmids plus insulin exhibited a higher percentage 
of cell apoptosis, than the insulin group (P<0.05; Fig. 4C). 
Furthermore, RT‑qPCR and western blot assays revealed that 
overexpression of PCGF1 reduced the insulin‑induced expres-
sion of Bcl‑2 and insulin‑reduced expression of Bax compared 
with the insulin group (Fig. 4D and E). This demonstrated that 
overexpression of PCGF1 contributed to and promoted cell 
apoptosis, and PCGF1 could partially counteract the action of 
insulin on cell apoptosis, cell viability and colony formation.

Discussion

miR‑320a has previously been identified as a prognostic factor 
or potential therapeutic target for tumors (9,14). However, no 
previous studies have addressed the effect of miR‑320a on 
PCOS. Therefore, to the best of our knowledge, the present 

Figure 2. Effects of miR‑320a on KGN cell viability, colony formation and apoptosis. Cells were treated with 100 ng/ml insulin alone or insulin plus 
ASO‑miR‑320a. (A) Cell viability was tested by MTS assay. (B) Cell colony formation rate was detected using crystal violet staining. (C) Cell apoptosis was 
detected by using flow cytometry with fluorescein isothiocyanate‑conjugated annexin V/propidium iodide staining. (D) RT‑qPCR was used to determine 
mRNA expression levels of Bcl‑2 and Bax. (E) Protein levels of Bcl‑2 and Bax were determined by using western blotting. *P<0.05 and **P<0.01, as indicated by 
brackets. miR, microRNA; ASO, antisense oligonucleotide; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; Bcl‑2, B‑cell lymphoma 
2; Bax, Bcl‑2 associated protein X.

Figure 1. Relative miR‑320a expression in PCOS tissues. (A) Relative miR‑320a expression in PCOS tissues and corresponding normal tissues. (B) Relative 
miR‑320a expression in patients with different insulin levels. (C) Relative miR‑320a expression in KGN cells treated with recombinant human insulin at 0, 1, 
10 100 ng/ml. *P<0.05 and **P<0.01, as indicated by brackets. miR, microRNA; PCOS, polycystic ovarian syndrome.
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Figure 3. PCGF1 is a target of miR‑320a. (A) miR‑320a targeting region in PCGF1 was predicted using Targetscan and microRNA database. (B) KGN cells 
were co‑transfected with WT or MUT PCGF1‑3'UTR vectors plus miR‑320a mimics or control; or ASO‑miR‑320a or ASO‑NC, then luciferase activity was 
detected by Dual‑Luciferase assay. PCGF1 (C) mRNA and (D) protein expression levels were determined by RT‑qPCR or western blot, respectively. nsP>0.05, 
*P<0.05 and **P<0.01, as indicated by brackets. PCGF1, polycomb group ring finger 1; miR, microRNA; WT, wild type; MUT, mutated; 3'UTR, 3'untranslated 
region; ASO, antisense oligonucleotide; NC, negative control; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.

Figure 4. Effects of PCGF1 overexpression on KGN cell viability, colony formation and apoptosis. Cells were treated with 100 ng/ml insulin alone or insulin 
plus PCGF1 expression plasmids. (A) Cell viability was tested by MTS assay. (B) Cell colony formation rate was detected using crystal violet staining. 
(C) Cell apoptosis was detected by using flow cytometry with fluorescein isothiocyanate‑conjugated annexin V/propidium iodide staining. (D) RT‑qPCR 
was used to determine mRNA expression levels of Bcl‑2 and Bax. (E) Protein levels of Bcl‑2 and Bax were determined by using western blotting. *P<0.05 
and **P<0.01, as indicated by brackets. PCGF1, polycomb group ring finger 1; Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2 associated protein X; RT‑qPCR, reverse 
transcription‑quantitative polymerase chain reaction.
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study is the first to investigate the role of miR‑320a on PCOS 
by exploring the expression of miR‑320a in PCOS tissues as 
well as the effect on the cell function of KGN granulosa cells. 
miR‑320a was demonstrated to be upregulated in PCOS tissues 
compared with normal, with expression gradually increasing 
in an insulin‑dependent manner. Furthermore, both inhibi-
tion of miR‑320a expression via ASO‑miR‑320a and PCGF1 
overexpression reduced cell viability and colony formation 
and induced cell apoptosis.

miR‑320a acts as a prognostic factor of tumors, including 
colorectal cancer (10,15), hepatocellular carcinoma (16) and 
gastric cancer (17). Compared with normal controls, expres-
sion of miR‑320a has been identified to be significantly 
downregulated in cancers including colon cancer tissues, 
gastric cancer tissues, salivary adenoid cystic carcinoma and 
related cancer cell lines (9,17,18); and upregulated in several 
diseases including breast cancer tissues (19), myelodysplastic 
syndromes (20), fibromyalgia (21) and laryngeal squamous cell 
carcinoma (22). These data revealed that miR‑320a serves an 
important role in the progression of at least these cancers or 
diseases: miR‑320a might thus serve as a candidate biomarker 
of those diseases  (17,23). In the present study, significant 
upregulation of miR‑320a in PCOS was identified compared 
with normal tissues. This may suggest that miR‑320a could 
serve as a biomarker of PCOS.

Insulin resistance is present in ~60‑70% of women with 
PCOS (4). PCOS with insulin resistance results in differen-
tial expression of certain miRNAs, such as miR‑93 (3) and 
miR‑223  (24). miR‑223 expression in adipose tissues of 
women with PCOS has also been demonstrated to be positively 
correlated with insulin resistance, revealing that miR‑223 was 
related to insulin resistance (24,25). In the present study, the 
expression of miR‑320a was confirmed to be insulin‑related, 
with higher miR‑320a expression observed in PCOS patients 
with high insulin levels. This result demonstrated that 
miR‑320a was an insulin resistance related miRNA in PCOS.

miRNAs are regarded as genetic regulators based on their 
influence and response on gene expression and the associated 
cell functions  (26‑28). miRNAs generally exhibit a nega-
tive effect on expression of their target genes. For example, 
upregulation of miR‑320a in PCOS tissues is associated with 
a significant reduction of its verified target, GLUT4  (24). 
GLUT4 was also a highly predicted target for miR‑93, which 
is also upregulated in PCOS adipose tissues (4). miR‑93 and 
miR‑223 have been demonstrated to directly target GLUT4 
3'‑UTR (4,24). miR‑93 has been determined to promote KGN 
granulosa cell proliferation through targeting of CDKN1A (3). 
As reported by Jiang et al, expression of miR‑93 is upregu-
lated in the PCOS ovarian cortex and, inversely, CDKN1A 
is downregulated (3). Furthermore, miR‑93 overexpression 
and CDKN1A knockout promote cell proliferation of KGN 
cells  (3). In the present study, the expression of miR‑320a 
was determined to be related to insulin levels. Additionally, 
inhibition of miR‑320a or overexpression of its target PCGF1 
reduced insulin‑induced cell viability and colony formation. 
Taken together, the present study demonstrated that cell prolif-
eration promoted by insulin was related to miR‑320a and its 
target PCGF1.

PCGF1 is one of the polycomb‑group RING finger homo-
logs and is important in the assembly of distinct polycomb 

repression complex 1 (PRC1) related complexes, which is 
associated with transcriptional repression and regulation of 
developmental gene (29,30). PCGF1 has been demonstrated 
to interact with proteins related to diverse cellular pathways, 
including regulation of cell cycle and cell proliferation, for 
example developmental pluripotency associated 4 and PRC1 
complexes (30). In the present study, PCGF1 was demonstrated 
to be a target of miR‑320a, and overexpression of PCGF1 
and inhibition of miR‑320a were demonstrated to inhibit cell 
proliferation and cell colony formation. In addition, inhibition 
of miR‑320a and overexpression of PCGF1 were demonstrated 
to reverse the reduction in apoptosis and Bax/Bcl‑2 ratio 
induced by insulin. Thus, the present study demonstrated 
that insulin‑induced KGN cell proliferation was related to 
miR‑320a through targeting of PCGF1.

In conclusion, expression of miR‑320a was upregulated in 
PCOS tissues compared with normal tissues, and miR‑320a 
expression in PCOS tissues and KGN granulosa cells was 
demonstrated to be insulin related. Tissues with higher insulin 
levels, or cells treated with higher insulin, revealed higher 
miR‑320a expression than normal controls. Furthermore, 
dual‑Luciferase reporter assay revealed PCGF1 was a target 
of miR‑320a. Inhibition of miR‑320a through ASO‑miR‑320a 
inhibited insulin‑induced increases in cell viability and cell 
colony formation, and reversed insulin‑induced reductions in 
cell apoptosis. These data demonstrated that miR‑320a may 
serve as a biomarker of PCOS, and that insulin‑induced KGN 
cell proliferation was related to miR‑320a through targeting 
PCGF1. The present study may provide a novel insight into 
the treatment of PCOS. However, the precise functions of 
miR‑320a in PCOS require further investigation.
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