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Abstract. – OBJECTIVE: To explore whether 
microRNA-486-5p affected the proliferation of 
ovarian granulosa cells by targeting MST4 (silk/
threonine protein kinase 4), thereby promoting 
the development of polycystic ovary syndrome 
(PCOS).  

MATERIALS AND METHODS: The level of 
microRNA-486-5p in PCOS tissues and adja-
cent normal tissues was detected by quantita-
tive real-time polymerase chain reaction (qRT-
PCR). After microRNA-486-5p up-regulation 
in KNG cells, the mRNA and protein level of 
related genes was examined using qRT-PCR 
and western blot assay, respectively. Mean-
while, cell proliferation and cell cycle were 
analyzed by cell counting kit-8 (CCK-8) assay 
and flow cytometry. After insulin treatment of 
KNG cells, expressions of microRNA-486-5p 
and MST4, cell proliferation as well as cell 
cycle, were detected by qRT-PCR, CCK-8 and 
flow cytometry, respectively. Furthermore, cell 
proliferation and cycle situation were examined 
after simultaneous up-regulation of MST4 and 
microRNA-486-5p in vitro.

RESULTS: MicroRNA-486-5p expression in 
PCOS tissues was significantly lower than that 
of normal tissues. In KNG cells, up-regulation 
of microRNA-486-5p significantly inhibited cell 
proliferation and cell cycle. The levels of cy-
cle-associated proteins including CDK2 and 
CCNB1 decreased significantly. The results of 
dual-luciferase reporter gene assay showed 
that microRNA-486-5p could bind to MST4. Af-
ter up-regulating microRNA-486-5p, both the 
mRNA and protein levels of MST4 decreased 
remarkably. MST4 expression was found signifi-
cantly elevated in PCOS tissues as well. After 
overexpression of MST4, cell proliferation was 
enhanced, cell cycle was promoted, and expres-
sions of cycle-related proteins increased. After 
treatment with different concentrations of insu-
lin in KNG cells, the expression level of microR-
NA-486-5p decreased in a concentration-depen-
dent manner. However, opposite results were 
observed in MST4 level. Meanwhile, the prolif-

eration ability and cell cycle of insulin-treated 
cells were significantly enhanced. In addition, 
the inhibitory effect of microRNA-486-5p on cell 
proliferation and cell cycle could be partially re-
versed by simultaneous up-regulation of MST4 
and microRNA-486-5p. 

CONCLUSIONS: MicroRNA-486-5p can bind to 
MST4 in a targeted manner and inhibit the pro-
liferation of ovarian granulosa cells, thereby in-
hibiting the development of PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a com-
mon reproductive endocrine disease, the prev-
alence of which in women of childbearing age 
is 4% to 18%1. PCOS is characterized by hyper-
androgenemia, insulin resistance, rare ovulation 
or ovulation without ovulation, and polycystic 
changes of the ovary. At the same time, it is ac-
companied by clinical symptoms of hypertricho-
sis, acne and other androgen2. Previous studies 
have shown that PCOS is related to infertility. 
Moreover, it can also increase the risk of met-
abolic disorders, such as diabetes mellitus, obe-
sity, dyslipidemia, and cardiovascular disease3. 
Therefore, it seriously affects women's physical 
and mental health. PCOS is a primary follicular 
disease. The proliferation and apoptosis of gran-
ulosa cells are the underlying causes of follicular 
atresia and development4. Therefore, the research 
on the proliferation mechanism of ovarian gran-
ulosa cells is of great significance for the clinical 
diagnosis and treatment of PCOS.
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MicroRNA is a kind of non-coding small 
RNA, which is mainly involved in post-transcrip-
tional regulation in the organism. It combines 
with the 3'-UTR of target mRNAs and negatively 
regulates gene expression at post-transcriptional 
level. This may eventually lead to the degrada-
tion or translation inhibition of related genes5. 
Studies have shown that multiple microRNAs are 
involved in the regulation of ovarian granulosa 
cell proliferation and apoptosis6,7. They also play 
critical regulatory roles in ovarian reproductive 
and endocrine functions. Abnormal expression 
or dysfunction of ovarian microRNA may affect 
follicular development and atresia, as well as, 
hormone synthesis and metabolism. Ultimately, 
this leads to the occurrence of ovarian diseases 
such as PCOS8. MicroRNA-486-5p is a newly 
discovered microRNA. Navon et al9 have con-
firmed the down-regulated expression of microR-
NA-486-5p in pancreatic cancer, colon cancer, 
liver cancer, lung cancer, lymphoma, ovarian 
cancer, prostate cancer, and testicular cancer us-
ing microarray method. It has been reported10 that 
microRNA-486-5p is down-regulated in the mid-
dle phase of PCOS. The above findings provide a 
new idea for the clinical diagnosis and treatment 
of PCOS. Furthermore, microRNA-486-5p is ex-
pected to be a new molecular target for PCOS 
treatment.

MST4 (silk/threonine protein kinase 4) is lo-
cated at Xq26.2. The gene product is composed 
of 416 amino acids with a molecular weight of 
46 529Da. The protein kinase is mainly located 
in the Golgi, which is specifically activated by 
linking to the Golgi matrix protein GMl3011. As 
a member of the protein kinase family, MST4 is a 
key regulator of cell apoptosis, proliferation, and 
differentiation12. Studies13,14 have demonstrated 
that MST4 is able to promote tumor cell prolif-
eration. The expression level of MST4 has been 
found extremely high in colon and hepatoma 
cell lines. Yu et al15 have found that microR-
NA-593-5p inhibits the development of gastric 
cancer through targeted regulation of MST4. Ac-
cording to relevant literature at home and abroad, 
few researches have investigated the correlation 
between PCOS and MST4 or microRNA-486-5p. 
Therefore, the aim of this study was to explore 
the effect of microRNA-486-5p and MST4 on 
ovarian granulosa cells, and to reveal the mecha-
nism of microRNA-486-5p and MST4 in the oc-
currence and development of PCOS. Our findings 
might help to provide new ideas for the clinical 
diagnosis and target of PCOS.

Materials and Methods

RNA Extraction and Quantitative 
Real-Time Polymerase Chain Reaction 
(qRT-PCR) Detection

Total RNA in cells was extracted using TRIzol 
Reagent (Invitrogen, Carlsbad, CA, USA). The rel-
ative expression levels of microRNA-486-5p and 
MST4 were detected using a miRNA PCR detec-
tion kit (Thermo Fisher Scientific, Waltham, MA, 
USA). Primer sequences used in this study were 
as follows: microRNA-486-5p Forward: 5'-TG-
GGATCCATGAGGAAGGGACATGAAGA-3'; 
Reverse 5'-ACCGAAGCTTAAAAAAGCTCG-
GTCCCAGAGTCAG-3'. MST4 Forward 5'-TCA-
CATTTGAGACCCTGTGTTTG-3'; Reverse 
5'-ACCTATCCTTGGGTAAATGATCTTG-3'. 
CDK2, Forward: 5'-CCAGGAGTTACTTCTATG-
CCTGA-3'; Reverse: 5'- TTCATCCAGGGGAG-
GTACAAC-3'. CCNB1, Forward; 5'-CAGGAGG-
CATTGCTGATGAT-3'; Reverse 5'-GAAGGCT-
GGGGCTCATTT-3'. Glyceraldehyde 3-phosphate 
dehydrogenase (GADPH), Forward: 5'-CCCAG-
CCTCAAGATCATCAGCAATG-3'; Reverse: 
5'-ATGGACTGT GGTCATGAGTCCTT-3'.

Cell Culture
KNG cells were cultured in Dulbecco’s Mod-

ified Eagle s̓ Medium/F12 (DMEM/F12) (Gibco, 
Rockville, MD, USA) supplemented with 10% 
fetal bovine serum (FBS) (Gibco, Rockville, MD, 
USA) in an incubator with 5% CO2 at 37°C. At 
the time of passage, the cells were first digested 
with 0.25% trypsin (containing EDTA). After, 
the cell suspension was evenly distributed into a 
cell culture flask, with the whole medium supple-
mented to 6 mL per flask. Subsequently, cell cul-
ture was continued for subsequent experiments.

Cell Transfection
2×105 cells with good growth were first plated 

into 6-well plates. When the degree of cell fusion 
reached 80%, cell transfection was performed 
according to the instructions of LipofectamineTM 
2000 (Invitrogen, Carlsbad, CA, USA). 6-8 h 
after transfection, culture medium was replaced. 
After 48 h, the medium was replaced with fresh 
medium containing 2 μg/mL puromycin, fol-
lowed by cell culture for 72 h. The cells were then 
transferred to new 6-well plates. When cell clones 
appeared, monoclone was picked and transferred 
to another 6-well plate. After 2 days, the cells 
were transferred to a new flask to establish stable 
cell lines.
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Cell Counting kit-8 (CCK-8) Assay
After transfection, cells in log phase were 

trypsinized and re-suspended in complete me-
dium. 100 μL of cell suspension was added in 
culture plate at a density of 5×103 cells/per well. 
After culture for 0, 24, 48, 72, and 96 h, respec-
tively, 100 μL of DMEM solution containing 10% 
CCK-8 reagent (Dojindo, Kumamoto, Japan) was 
added to each well, followed by incubation in an 
incubator for 2 h in dark. Lastly, absorbance at 
450 nm was detected using a preheated micro-
plate reader.

Flow Cytometry 
Cells were first cultured in 0.5% Roswell Park 

Memorial Institute-1640 (RPMI-1640) medium 
(HyClone, South Logan, UT, USA) for 48 h. Then 
the medium was replaced with 10% RPMI-1640 
medium for another 48 h. Subsequently, the cells 
were collected in 3 mL tubes with approximate-
ly 2.0×106 cells per tube. After washing twice 
with phosphate-buffered saline (PBS) solution, 
the cells were fixed with 70% alcohol and placed 
in a refrigerator at -20°C for 24-48 hours. After 
conventional PI staining, the DNA content of 
cells was measured by a Switzerland Paetec flow 
cytometer (Partec AG, Arlesheim, Switzerland). 
Finally, the percentage of each phase of cell cycle 
was analyzed by software.

Western Blot Assay
200 μL of protein lysate (containing 2 μL of 

protease inhibitor and 2 μL of phosphatase inhib-
itor) was first added to each well. The mixture 
was stirred well on ice until the cells were com-
pletely lysed. 5×loading buffer containing β-mer-
captoethanol was added and mixed, boiled for 15 
min, and stored at -20°C for use. Extracted protein 
samples were separated by 10% polyacrylamide 
gel and transferred onto polyvinylidene difluoride 
(PVDF) membranes (Millipore, Billerica, MA, 
USA). After blocking with 5% bovine serum 
albumin (BSA) for 2 h, the membranes were 
incubated with primary antibodies overnight. On 
the next day, the membranes were incubated 
with corresponding secondary antibody for 1 
h. Finally, immunoreactive bands were exposed 
by enhanced chemiluminescence (ECL) method. 
The experiment was repeated for three times.

Luciferase Reporter Gene Assay
Bioinformatics prediction website was used 

to predict the binding fragment of microR-
NA-486-5p to MST4. Target genes of microR-

NA-486-5p were predicted using target gene web-
sites, including microRNAbase.org, targetscan.
org, and microrna.org. Meanwhile, target gene 
function was searched online as well. The am-
plified MST4 3'-UTR sequence was inserted into 
microRNA-Report Luciferase plasmid to con-
struct the MST4 3'-UTR luciferase reporter vec-
tor MST4-WT (wild type) and the mutant vector 
MST4-MUT (mutant type). Luciferase reporter 
vector and mutant vector were co-transfected into 
cells with microRNA NC or microRNA-486-5p. 
Finally, luciferase activity was detected in strict 
accordance with Dual-Luciferase Reporter Kit 
(Promega, Madison, WI, USA).

Cellular Insulin Treatment
Cells in log phase were digested with 0.25% 

trypsin and seeded into 96-well plates at a density 
of 2 × 104 cells/well. 6 replicated wells were set 
in each group. After culture for 24 h, the cultured 
medium was replaced with 200 μL complete me-
dium containing 1 ng / m L, 10 ng / m L, or 100 
ng / m L insulin. A negative control group was 
set up at the same time.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM, Armonk, NY, USA) 
was used for all statistical analysis. t-test was 
used to compare the differences between two 
groups. One-way analysis of variance (ANO-
VA) was applied to compare the differences 
among different groups, followed by Post-Hoc 
Test LSD (Least Significant Difference). p<0.05 
was considered statistically significant: *p<0.05, 
**p<0.01, ***p<0.001.

Results

MicroRNA-486-5p was Lowly 
Expressed in PCOS Tissues

QRT-PCR showed that the expression of 
microRNA-486-5p in PCOS tissues was sig-
nificantly lower than that of the control group 
(Figure 1A.). Further analysis of the interaction 
between microRNA-486-5p and PCOS showed 
that the expression of microRNA-486-5p was 
significantly up-regulated in KNG cells as well. 
These results suggested good transfection effi-
ciency (Figure 1B). After upregulation of mi-
croRNA-486-5p in vitro, cell proliferation was 
inhibited in a time-dependent manner (Figure 
1C). The number of cells remaining in the 
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G0/G1 phase increased, while the number in 
the S phase decreased (Figure 1D), indicating 
suppressed cell cycle. In addition, the expres-
sions of cyclin-related proteins, such as CDK2 
and CCNB1, were significantly down-expressed 
(Figure 1E). The above results revealed that mi-
croRNA-486-5p expression level was correlated 
with the occurrence of PCOS.

MST4 Was a Potential Target 
Gene of microRNA-486-5p

Bioinformatics analysis revealed the existence 
of binding sites between microRNA-486-5p and 
MST4 (Figure 2A). Luciferase reporter gene as-
say showed that wild-type MST4 could fluoresce 
quenched microRNA-486-5p. As shown in Fig-
ure 2B, microRNA-486-5p could bind to MST4 

Figure 1. MicroRNA-486-5p was lowly expressed in PCOS. A, The expression of microRNA-486-5p in PCOS tissues was 
significantly lower than that of control group. B, Transfection efficiency of microRNA-486-5p mimics in KNG cells; C, In 
KNG cells, up-regulated microRNA-486-5p significantly inhibited cell proliferation; D, In KNG cells, up-regulated microR-
NA-486-5p significantly inhibited cell cycle; E, After upregulation of microRNA-486-5p, the expression of cyclin-related 
proteins CDK2 and CCNB1 decreased significantly.

A

C

B

D
E

Figure 2. MST4 was the 
potential target gene of mi-
croRNA-486-5p. A, There 
was a potential binding 
site for miR-486-5p and 
MST4; B, Dual lucifer-
ase reporter gene showed 
a binding relationship be-
tween the two molecules; 
C-D, After up-regulation of 
miR-486-5p expression in 
KNG cells, the expression 
of MST4 was significantly 
reduced.

A
B

C D
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in a targeted manner. To further verify whether 
there was a regulatory effect between the two 
molecules, we overexpressed microRNA-486-5p 
in KNG cells. The expression of MST4 was found 
decreased significantly after overexpression of 
microRNA-486-5p (Figure 2C, 2D). The above 
results verified that the expression of MST4 was 
negatively regulated by microRNA-486-5p.

MST4 Promoted the Proliferation 
and Cell Cycle of KNG Cells

QRT-PCR and Western blot analysis indicated 
that both mRNA and protein levels of MST4 in-
creased significantly in PCOS tissues (Figure 3A). 
To further clarify the role of MST4 in KNG cells, 
we transfected MST4 overexpression plasmid in 
vitro. Afterwards, MST4 was stably up-regulated 
(Figure 3B), indicating that successful transfec-
tion efficiency. After up-regulating MST4, cell 
proliferation ability was found significantly en-
hanced (Figure 3C). The number of cells in the 
G0/G1 phase decreased, while the number of S 
phase increased (Figure 3D). This indicated that 
cell cycle was accelerated. In addition, the levels 
of cycle-related proteins CDK2 and CCNB1 were 
also significantly elevated (Figure 3E). The above 
results suggested that MST4 was able to promote 
cell proliferation.

MicroRNA-486-5p Played its 
Role by Regulating MST4

In order to clarify the regulatory association 
between microRNA-486-5p and MST4 in PCOS 
development, we treated KNG cells with differ-
ent concentrations of insulin. Results found that 
microRNA-486-5p level decreased in a concen-
tration-dependent manner (Figure 4A). However, 
MST4 level showed the opposite trend (Figure 4B). 
Subsequent experiments showed that the prolifer-
ative ability of KNG cells treated with insulin 
was significantly enhanced (Figure 4C), and cell 
cycle was promoted (Figure 4D). Simultaneous 
up-regulation of MST4 and microRNA-486-5p 
in KNG cells partially reversed the inhibitory 
effect of microRNA-486-5p on cell proliferation 
and cell cycle (Figure 4E, 4F). The above results 
revealed that the effect of microRNA-486-5p on 
KNG cell proliferation was achieved through its 
regulation on MST4.

Discussion

PCOS is a common endocrine disorder. It 
mainly occurs in infertile patients without ovu-
lation, accounting for about 70%. Follicular stage 
is an endocrine manifestation of PCOS patients. 

Figure 3. MST4 promoted the proliferation and cell cycle of KNG cells. A, In PCOS, the expression of MST4 increased 
significantly; B, After transfection of the overexpression plasmid of MST4 in KNG cells, MST4 could be stably expressed; 
C, After up-regulating the expression of MST4 in KNG cells, the proliferation ability of cells was significantly enhanced; 
D, In KNG cells, MST4 significantly promoted cell cycle; E, After up-regulation of MST4, the expression of cycle-related 
proteins CDK2 and CCNB1 was significantly up-regulated.
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When the proliferation of granulosa cells is inhib-
ited, immature follicle atresia and luteinization 
will occur. This can seriously affect the normal 
development of follicles, leading to poor quality 
of ovum and embryos16. Therefore, in-depth study 
on the mechanism of PCOS and the discovery of 
new targets are of great significance.

MicroRNA has been reported highly con-
served in evolution. MicroRNA is involved in the 
normal growth, metabolism, and development of 
the body, which also plays a pivotal role in multi-
ple biological processes17. Yao et al18 have shown 
that microRNAs, including microRNA-712, mi-
croRNA-224, microRNA-764-3p, microRNA-143, 
microRNA-383, and microRNA-320, can partic-
ipate in the proliferation, differentiation and de-
velopment of ovarian granule cells by regulating 
TGF-B/SMAD4. MicroRNA-143 in the ovary of 
rats with PCOS can block the formation of pri-
mordial follicles by inhibiting the proliferation of 
pre-granulosa cells19. The expression of microR-
NA-145 is down-regulated in granulosa cells of 
PCOS patients. Meanwhile, its targeting to in-
sulin receptor substrate 1 inhibits granulosa cell 

proliferation by regulating P13/Akt and MAPK/
ERK signaling pathways20. Previous studies have 
demonstrated that microRNA-486-5p is closely 
related to the occurrence and development of ma-
lignant tumors. Wang et al21 have found that mi-
croRNA-486-5p is down-regulated in lung cancer 
tissues. In this study, we found that microR-
NA-486-5p was lowly expressed in PCOS. Fur-
thermore, down-regulation of microRNA-486-5p 
affected the proliferation of ovarian granulosa 
cells, thereby inhibiting the occurrence and de-
velopment of PCOS.

MST-4 gene is localized in many disease-as-
sociated chromosomal regions, and there is a 
strong linkage imbalance in the gene promoter 
region12. Recent studies have reported that MST4 
can regulate cell proliferation and promote pi-
tuitary tumors through kinase sequences and 
downstream signaling pathways12. It has also 
been demonstrated that microRNA-4728 is a tu-
mor-inhibiting microRNA that controls MAPK 
signal transduction by targeting MST422. We sim-
ilarly found that microRNA-486-5p could bind to 
MST4 in a targeted manner. In addition, microR-

Figure 4. MiR-486-5p functioned via regulating MST4. A, After treatment with different concentrations of insulin in 
KNG cells, the expression of miR-486-5p decreased in a concentration-dependent manner. B, After treatment with different 
concentrations of insulin in KNG cells, the expression of MST4 increased and was correlated with concentration; C, After 
treatment, the proliferation ability of KNG cells was significantly enhanced; D, Insulin significantly promoted cell cycle 
of KNG cells; E, Simultaneous up-regulation of MST4 in KNG cells could partially reverse the inhibitory effect of miR-
486-5p on cell proliferation; F, Simultaneous up-regulation of MST4 in KNG cells could partially reverse the inhibition of 
miR-486-5p on cell cycle.
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NA-486-5p inhibited the proliferation of ovarian 
granulosa cells, thus affecting the occurrence and 
development of PCOS.

We found that microRNA-486-5p could inhib-
it the proliferation of ovarian granulosa cells by 
regulating MST4. Our findings provided a theo-
retical basis for the pathogenesis and treatment 
of PCOS and broadened the thinking for further 
research of PCOS as well.

Conclusions

MicroRNA-486-5p is low expressed in PCOS 
tissues. Overexpression of microRNA-486-5p 
can inhibit the proliferation of ovarian granulosa 
cells through negatively regulating MST4 expres-
sion. Our findings suggest a new targeted therapy 
of PCOS.
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