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Abnormal proliferation of granulosa cells is implicated in 
ovarian dysfunction and dysregulated folliculogenesis in 
the polycystic ovary syndrome (PCOS). Aberrant micro-
RNA (miRNA) expression might contribute to disordered 
folliculogenesis and granulosa cell proliferation in PCOS. 
This study aimed to investigate the roles of miR-3188 in 
ovarian dysfunction, as well as the mechanism involved 
in granulosa cell proliferation in PCOS. Firstly, peripher-
al blood samples were isolated from PCOS patients and 
healthy controls, and qRT-PCR analysis demonstrated 
a dramatic increase in miR-3188 in PCOS patients when 
compared to the healthy controls. Secondly, miR-3188 
overexpression increased cell viability of the granulosa-
like tumor cell line (KGN). However, cell viability of KGN 
was repressed by interference with miR-3188. MiR-3188 
promoted cell cycle of KGN through increasing cyclinD1 
and decreasing p21 levels. Moreover, cell apoptosis was 
suppressed by miR-3188 in KGN, indicated by enhanced 
Bcl-2, and reduced Bax and cleaved caspase-3 levels, 
whereas knockdown of miR-3188 resulted in opposite 
effects. Lastly, potassium voltage-gated channel subfam-
ily A member 5 (KCNA5) was verified as a target of miR-
3188. KCNA5 expression was decreased and displayed 
negative correlation with miR-3188 levels in PCOS pa-
tients. Overexpression of KCNA5 attenuated the promo-
tive effects of miR-3188 on cell viability and cell cycle in 
KGN. In conclusion, miR-3188, a key miRNA enhanced 
in PCOS, promoted granulosa cell proliferation through 
down-regulation of KCNA5, providing a new therapeutic 
target for PCOS.
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INTRODUCTION

The polycystic ovary syndrome (PCOS) is a common 
heterogeneous endocrine disease, which could result in 
anovulation and infertility in women of childbearing age 
(Stanosz et al., 2018; Youssef, 2019). Ovarian biopsy in 
infertile PCOS patients showed increased accumulation 
of early follicles than in healthy women, suggesting that 
abnormal follicle development in the early stages may 
be the root cause of PCOS (Franks et al., 2008). Fur-
ther study revealed that the growth rate of granulosa 

cells, which is critical for follicle maturation, was higher 
in PCOS patients than in healthy controls (Webber et 
al., 2007). Abnormal granulosa cell proliferation and dif-
ferentiation are related to dysregulated folliculogenesis, 
thereby leading to the pathogenesis of PCOS (Stubbs et 
al., 2007). Therefore, regulation of follicular granulosa 
cell proliferation or apoptosis may be the direction of 
treatment for PCOS.

MiRNAs have been reported to be involved in granu-
losa cell function (Tu et al., 2019), and the pathogenesis 
of PCOS (Sorensen et al., 2014). Reduction in miR-16 
levels in PCOS could inhibit proliferation and promote 
apoptosis of ovarian granulosa cells (Fu et al., 2018). 
MiR-222 has been reported to promote proliferation and 
inhibit apoptosis of ovarian granulosa cells, thus pro-
moting the progression of PCOS (Huang et al., 2019). 
MiR-3188 levels, with the ability to inhibit cell prolifera-
tion in non-small cell lung cancer (Wang et al., 2018) and 
head and neck cancer (Wang et al., 2019), were found 
to be increased in PCOS ovarian granulosa cells (Hou et 
al., 2019; Wang et al., 2019). Therefore, we hypothesized 
that miR-3188 might promote proliferation and inhibit 
apoptosis of ovarian granulosa cells during PCOS pro-
gression.

Potassium voltage-gated channel subfamily A member 
5 (KCNA5) has been found to be associated with cell 
proliferation and apoptosis in various cell types (Ryland 
et al., 2015; Qu et al., 2018). Recently, KCNA5 has been 
shown to participate in miR-3940-5p-mediated granulosa 
cell proliferation in PCOS (Gao et al., 2020). However, 
whether or not miR-3188 could target KCNA5 to regu-
late granulosa cell proliferation in PCOS remains elusive.

In this study, the expression level of miR-3188 in 
granulosa cells of PCOS patients was examined. The role 
and mechanism of miR-3188-mediated granulosa cell 
proliferation were then evaluated. The findings from this 
study suggest that miR-3188 may be a promising thera-
peutic target for PCOS.

MATERIALS AND METHODS

Patient samples

This study was approved by the Ethics Committee of 
the Hwa Mei Hospital, University of Chinese Academy 
of Sciences. A total of 28 PCOS patients and 36 healthy 
controls with written informed consents were recruit-
ed from the Hwa Mei Hospital, University of Chinese 
Academy of Sciences. Peripheral blood samples were 
collected from the patients and controls into tubes (Pre-
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AnalytiX, Hombrechtikon, Switzerland). Samples were 
stored at –80°C for subsequent analyses.

Cell culture and transfection

Granulosa-like tumor cell line (KGN), acquired 
from DSMZ (Braunschweig, Germany), was cultured 
in DMEM/F12 medium (Transgene, Beijing, China) 
containing 10% fetal bovine serum (Sigma-Aldrich, St. 
Louis, MO, USA) at 37°C in an incubator. Full length 
of KCNA5 was amplified and cloned into pcDNA3.1 
vector (Invitrogen, Carlsbad, CA, USA). MiR-3188 
mimic, inhibitor and the corresponding negative con-
trols (NC mimic, NC inhibitor) were synthesized by Ri-
boBio (Guangzhou, China). KGN cells were transfect-
ed with the mimic, inhibitor or pcDNA vector using 
Lipofectamine 2000 (Invitrogen).

Cell viability

KGN cells (2×103 cells/well) were seeded and cul-
tured for 24 hours. Cells were incubated with 20 μL of 5 
mg/mL MTT solution (KeyGEN, Nanjing, China) for 4 
hours before the measurement of absorbance at 490 nm 
using an Epoch microplate Reader (BioTek, Winooski, 
VT, USA).

Flow cytometry

KGN cells (1×106 cells) were trypsin digested and 
harvested, and then stained with 5 µL of 100 µg/mL 
propidium iodide after incubation with 1 U/ml of ribo-
nuclease (Abcam, Cambridge, MA, USA). Cell cycle dis-
tribution was analyzed by the FACS flow cytometer (At-
tune, Life Technologies, Darmstadt, Germany). For cell 
apoptosis analysis, cells were incubated with fluorescein 
isothiocyanate-conjugated annexin V after staining with 
propidium iodide. Cell apoptosis distribution was also 
analyzed by the FACS flow cytometer.

Luciferase reporter assay

pGL3-basic vectors (Promega, Madison, WI, USA) 
containing wildtype or mutant 3’UTR of KCNA5 were 
constructed, and named  KCNA5 wt and KCNA5 mut, 
respectively. pRL-TK, miR-3188 inhibitor or NC inhibi-
tor, and KCNA5 wt or KCNA5 mut were cotransfected 
into KGN cells. The luciferase activities were measured 
24 hours later by Luciferase Assay System (Promega).

qRT-PCR

A total of 1 μg of RNA was extracted from granu-
losa cells or KGN by TRIzol (TIANGEN, Beijing, 
China), and reverse transcribed into cDNAs. qRT-PCR 
was conducted using a SYBR Green PCR kit (TransGen, 
Beijing, China). Primers used in this study are as fol-
lows: miR-3188: sense, 5’-AGAGGCTTTGTGCGGA-
TACGGG-3’, antisense, 5’-TATGGAACGCTTCAC-3’; 
KCNA5: sense, 5’-GTAACGTCAAGGCCAAGAGC-3’, 
antisense, 5’-TCCCATTCCCTACTCCACTG-3’; GAP-
DH: sense, 5’-AACGTGTCAGTOGTGGACCTG-3’, 
antisense, 5’-AGTGGGTGTCGCTGTFGAAGT-3’; U6: 
sense, 5’-CTCGCTTTCGGCAGCACA-3’, antisense, 
5’-AACGCTTCACGAATTTGCGT-3’.

Western blotting 

Cell lysates were obtained from KGN using RIPA 
buffer, and then concentrated by using a bicinchoninic 
acid kit (Wuhan Boster Biological Technology, Hubei, 
China). A total of 30 µg protein samples were separated 

by 10% SDS-PAGE, and electro-transferred onto polyvi-
nylidene fluoride (PVDF) membranes (Bio-Rad, Hercu-
les, CA, USA). After blocking in 5% bovine serum albu-
min, membranes were immunoblotted with the following 
primary antibodies: KCNA5 (1:1500; Abcam, Cambridge, 
UK), cyclinD1 and p21 (1:2000; Abcam), Bcl-2, Bax and 
cleaved caspase-3 (1:2500; Abcam), and β-actin (1:3000; 
Abcam). Horseradish peroxidase-conjugated secondary 
antibody (1:5000; Abcam) was added before densitom-
etry analysis with Pierce ECL Western Blotting Substrate 
(Pierce Biotechnology, Waltham, MA, USA).

Statistical analysis

Data are reported as mean ± standard deviation. Sta-
tistical tests were conducted using SPSS 21.0 software 
(IBM-SPSS, Chicago, IL, USA). Student’s t test was used 
to compare differences between two groups. p<0.05 was 
considered as statistically significant.

RESULTS

Enhanced miR-3188 level in PCOS increases granulosa 
cell viability

To determine the expression of miR-3188 in PCOS, 
blood samples were collected from PCOS patients and 
healthy controls. qRT-PCR analysis demonstrated a sig-
nificant increase in miR-3188 level in PCOS patients 
when compared to the controls (p<0.01) (Fig. 1A). In 
order to establish the functional roles of miR-3188 in 
PCOS in vitro, KGN was transfected with miR-3188 
mimic or inhibitor (Fig. 1B). The results of the MTT as-
say showed that miR-3188 overexpression increased cell 
viability of KGN, while miR-3188 knockdown led to op-
posite effects (Fig. 1C), suggesting the pro-proliferative 
role of miR-3188 in PCOS granulosa cells. 

Effect of miR-3188 on KGN cell cycle

Cell cycles of KGN transfected with miR-3188 
mimic or inhibitor were evaluated to assess the role of 
miR-3188 in PCOS progression. Results demonstrated 
that miR-3188 promoted cell cycle of KGN, with a de-
creased cell number in the G1 phase and increased cell 
number in the G2 and S phases (Fig. 2A). In contrast, 
in KGN cells transfected with miR-3188 inhibitor, 
the KGN cell number in the G1 phase was increased, 
whereas there was a lower number of cells in the G2 
and S phase (Fig. 2A). This indicates that miR-3188 
knockdown leads to cell cycle arrest in KGN. The lev-
els of cell cycle proteins were also assessed by western 
blotting, which revealed that miR-3188 overexpression 
led to increased levels of cyclinD1 and reduced p21 to 
promote cell cycle progression (Fig. 2B). On the con-
trary, cyclin D1 level was reduced and that of p21 was 
increased in KGN transfected with miR-3188 inhibitor, 
consistent with cell cycle arrest (Fig. 2B). These results 
confirmed the pro-proliferative role of miR-3188 in 
PCOS granulosa cells.

Effect of miR-3188 on KGN cell apoptosis

Next, the effect of miR-3188 on cell apoptosis was 
investigated in KGN, and the result indicated that 
miR-3188 suppressed cell apoptosis of KGN (Fig. 
3A). Moreover, there was an increase in the number 
of apoptotic cells in KGN transfected with miR-3188 
inhibitor (Fig. 3A), demonstrating the anti-apoptotic 
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role of miR-3188 in granulosa cells. The levels of ap-
optotic proteins were also evaluated by western blot-
ting. Results revealed that miR-3188 overexpression 
enhanced protein expression of Bcl-2, but reduced the 
levels of Bax and cleaved caspase-3 (Fig. 3B). In con-
trast, Bax and cleaved caspase-3 levels were enhanced, 
and Bcl-2 level was reduced in KGN transfected with 
miR-3188 inhibitor (Fig. 3B). These results confirmed 
the anti-apoptotic role of miR-3188 in PCOS granu-
losa cells.

miR-3188 negatively regulates KCNA5 in PCOS 

In order to uncover the underlying mechanisms of 
miR-3188 in the pathogenesis of PCOS, prediction of 
potential target genes of miR-3188 was performed us-
ing TargetScan (http://www.targetscan.org/vert_72/), 
followed by subsequent validation by luciferase reporter 
assays. The predicted binding sites between miR-3188 
and KCNA5, as well as mutated KCNA5 binding site, 
which disrupted the binding ability of KCNA5 with 
miR-3188 are shown in Fig. 4A. Results from the lucif-

Figure 1. Enhanced miR-3188 level in PCOS increases granulosa cell viability
Expression level of miR-3188 in the peripheral blood samples of PCOS patients (N=28) and healthy controls (N=36). Transfection efficien-
cy of miR-3188 mimic or inhibitor in KGN (N=3). Effect of miR-3188 on cell viability of KGN (N=3). **, ##p<0.01.

Figure 2. Effect of miR-3188 on cell cycle of KGN
Effect of miR-3188 on cell cycle of KGN (N=3). Effect of miR-3188 on the protein expression level of cyclin D1 and p21 in KGN (N=3).  
**, ##p<0.01.
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erase activity assays showed that transfection with miR-
3188 inhibitor increased luciferase activities of KCNA5 
wt compared to NC inhibitor (Fig. 4B), while KCNA5 
mut demonstrated no response to miR-3188 inhibitor or 

NC inhibitor (Fig. 4B). Furthermore, the protein expres-
sion of KCNA5 was increased in KGN transfected with 
miR-3188 inhibitor, while it was decreased by miR-3188 
mimic (Fig. 4C), confirming that KCNA5 was regulated 

Figure 3. Effect of miR-3188 on cell apoptosis of KGN
Effect of miR-3188 on cell apoptosis of KGN (N=3). Effect of miR-3188 on the protein expression level of Bcl-2, Bax and cleaved caspase-3 
in KGN (N=3). **, ##p<0.01.

Figure 4. miR-3188 negatively regulates KCNA5
Potential binding site between miR-3188 and KCNA5, and KCNA5 mutant binding site. Effect of miR-3188 on luciferase activities of 
KCNA5 wt and KCNA5 mut in KGN (N=3). Effect of miR-3188 on the protein expression of KCNA5 in KGN (N=3). Expression level of 
KCNA5 in peripheral blood samples of PCOS patients (N=28) and healthy controls (N=36). Negative correlation between KCNA5 and miR-
3188 in PCOS patients. **, ##p<0.01.
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by miR-3188 in granulosa cells. A significant decrease in 
KCNA5 was found in PCOS patients when compared 
to controls (p<0.01) (Fig. 4D), and the expression of 
KCNA5 and miR-3188 revealed a negative correlation 
in PCOS patients (Fig. 4D). These results demonstrated 
that miR-3188 negatively regulates KCNA5 in PCOS.

Over-expression of KCNA5 counteracts the promotive 
effects of miR-3188 on PCOS progression

To explore the role of miR-3188/KCNA5 axis in 
PCOS granulosa cells, KGN was cotransfected with 
pcDNA-KCNA5 and miR-3188 mimic. KCNA5 over-
expression attenuated miR-3188 mimic-mediated cell 
viability increase (Fig. 5A). Of note, miR-3188 mimic 
transfection failed to decrease the protein expression 
of KCNA5 in KCNA5-overexpressed cells (Fig. 5B). 
In addition, KCNA5 overexpression also lessened the 
miR-3188 overexpression-induced increase in cyclinD1 
and Bcl-2 levels, and decrease in p21, Bax and cleaved 
caspase levels in KGN (Fig. 5B), further suggesting that 
miR-3188 could promote cell viability of granulosa cells 
in PCOS through down-regulation of KCNA5.

DISCUSSION

PCOS, characterized by such inconvenient symp-
toms as irregular menstrual bleeding and infertility, has 
been regarded as a “nuisance disease’’ devoid of effec-
tive therapeutic strategies (Conway et al., 2014; Peng et 

al., 2020). Inhibition of granulosa cell survival provides 
a novel insight into PCOS treatment (Zhong et al., 2018; 
Cox et al., 2020). Considering the important regulatory 
role of miRNAs in granulosa cell functions, miRNAs 
have been regarded as critical mediators in physiological 
and pathological conditions of PCOS (Tu et al., 2019). 
To date, miR-3188 has been shown as either suppres-
sor or promoter in various tumors to regulate cell pro-
liferation and apoptosis. The study presented here was 
performed to uncover the role of miR-3188 in granulosa 
cell proliferation and apoptosis in PCOS.

Biochemical markers, such as the luteinizing hormone 
or follicle-stimulating hormone levels, circulating andro-
gens and hyperinsulinemia, are diagnostic criteria for 
PCOS (Barthelmess & Naz 2014; EBERSOLE & BON-
NY 2020). MiRNAs are also considered as diagnostic 
or prognostic biomarkers for PCOS (Wang et al., 2019). 
Here, in line with previous reports (Hou et al., 2019; 
Wang et al., 2019), miR-3188 was found to be increased 
in the peripheral blood samples of PCOS patients when 
compared to the healthy controls. However, to further 
validate the potential of miR-3188 as a diagnostic or 
prognostic marker for PCOS, the correlation between 
clinical features of PCOS patients and miR-3188 levels 
should be investigated in a future study.

Aberrant profiling of miRNAs that participated in 
steroidogenesis or the cell apoptosis process was de-
tected in follicular fluid or granulosa cells in PCOS 
patients (Sorensen et al., 2014; Lionett et al., 2020). 
MiR-93, which has the ability to promote granulosa cell 

Figure 5. Overexpression of KCNA5 counteracts the promotive role of miR-3188 in PCOS progression
Effect of miR-3188 and KCNA5 on cell viability of KGN (N=3). Effect of miR-3188 and KCNA5 on the protein expression level of KCNA5, 
cyclin D1, p21, Bcl-2, Bax and cleaved caspase in KGN (N=3). **, ##p<0.01.
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proliferation, could be a therapeutic target for PCOS 
(Jiang et al., 2015). Here, based on MTT, flow cytom-
etry and western blotting analyses, our findings demon-
strated that miR-3188 could increase granulosa cell vi-
ability, promote cell cycle progression through increas-
ing cyclin D1 and decreasing p21 levels, and suppress 
cell apoptosis via promoting expression of Bcl-2 and 
lowering Bax and cleaved caspase-3 levels. Collectively, 
our results demonstrated that miR-3188 is a novel key 
miRNA that promotes granulosa cell proliferation in 
PCOS. This is in contrast to previous finding, which 
proposed that miR-3188 suppresses cell proliferation 
and cell cycle progression in non-small cell lung cancer 
cells through targeting mammalian target of rapamycin 
(Wang et al., 2018). This prompted the identification 
of cell type-specific downstream target of miR-3188 in 
PCOS granulosa cells.

Cation channels have been implicated in the ap-
optosis of granulosa cells, indicating their role in the 
etiology of PCOS (Köse & Nazıroğlu 2015). Antago-
nists of potassium channel regulate granulosa cell pro-
liferation and apoptosis (Manikkam et al., 2002; Traut 
et al., 2009). Previous study has shown that KCNA in 
granulosa cells binds to an antagonist, 4-aminopyri-
dine, and decreases progesterone production through 
the steroidogenic pathway (Li et al., 2003). Here, potas-
sium channel KCNA5 level was found to be reduced in 
granulosa cells of PCOS, and was validated to be the 
downstream target gene of miR-3188. Gao et al (Gao 
et al., 2020) has reported that KCNA5 is involved in 
miR-3940-5p-promoted granulosa cell proliferation in 
PCOS. Our functional assays revealed that overexpres-
sion of KCNA5 counteracted the promotive role of 
miR-3188 in granulosa cell viability and cell cycle pro-
gression, as well as the suppressive role of miR-3188 
in granulosa cell apoptosis. MiRNAs could target ster-
oid receptors or steroid synthesis enzymes involved 
in PCOS (Sorensen et al., 2014), and antagonists of 
KCNA could mediate progesterone accumulation in 
the granulosa cells (Li et al., 2003). The role of miR-
3188/KCNA in the steroidogenic pathway of granulosa 
cells should be investigated in a future study. Addition-
ally, signaling pathways, including transforming growth 
factor-β or follicle-stimulating hormones’ pathway, 
which are known to be associated with miRNAs-medi-

ated granulosa cell homeostasis (Tu et al., 2019), as well 
as pathways involved in miR-3188/KCNA-modulated 
granulosa cell proliferation in PCOS should also be in-
vestigated.

CONCLUSION

In conclusion, as shown in Fig. 6, our results indi-
cated that increased miR-3188 levels in PCOS patients 
could promote cell viability and cell cycle progression, 
and suppress cell apoptosis through down-regulation of 
KCNA5. These observations provide novel insights into 
the potential development of miR-3188 as a therapeutic 
approach for the treatment of PCOS.
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