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MiR-23a induced the activation of CDC42/
PAK1 pathway and cell cycle arrest in
human cov434 cells by targeting FGD4
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Abstract

Background: MiRNAs play important roles in the development of ovarian cancer, activation of primitive follicles,
follicular development, oocyte maturation and ovulation. In the present study, we investigated the specific role of
miR-23a in cov434 cells.

Results: Downregulation of miR-23a was observed in serum of PCOS patients compared with the healthy control,
suggesting the inhibitory effect of miR-23a in PCOS. MiR-23a was positively correlated with Body Mass Index (BMI) and
negatively correlated with Luteinizing hormone (LH), Testostrone (T), Glucose (Glu) and Insulin (INS) of PCOS patients.
MiR-23a mimic inhibited the proliferation and promoted apoptosis of human cov434 cells. In addition, flow cytometry
assay confirmed that miR-23a blocked cell cycle on G0/G1 phase. MiR-23a inhibitor showed opposite results.
Furthermore, double luciferase reporter assay proved that miR-23a could bind to the 3’UTR of FGD4 directly through
sites predicted on Target Scan. FGD4 level was significantly suppressed by miR-23a mimic, but was significantly
enhanced by miR-23a inhibitor. We further proved that miR-23a increased the expression of activated CDC42 (GTP
bround) and p-PAK-1, suggesting that miR-23a induced cell cycle arrest through CDC42/PAK1 pathway.

Conclusions: In conclusion, our study reveals that miR-23a participates in the regulation of proliferation and apoptosis
of cov434 cells through target FGD4, and may play a role in the pathophysiology of PCOS.
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Background
Polycystic ovary syndrome (PCOS) is the most common re-
productive, endocrine and metabolic disorder disease in
women, characterized by ovulation disorders, hyperandro-
genism and insulin resistance [1, 2]. PCOS affects about 5–
10% of women of childbearing age, accounting for 75% of
anovulatory infertility, and usually a lifelong disease. Its
common clinical manifestations include menstrual disor-
ders, sub-fertility, acne vulgaris, alopecia, seborrheia, obes-
ity, hirsutism and acanthosis [3]. Women with PCOS have
an increased risk of insulin resistance, hypertension, type 2

diabetes, oxidative stress, dyslipidemia, cardiovascular
disease and endometrial cancer [4]. Therefore, understand-
ing the molecular mechanism of metabolic diseases under-
lying the pathophysiology of PCOS will help to identify new
diagnostic and therapeutic strategies. In addition, although
the exact etiology of PCOS remains to be understood, it
has been clear that the survival and proliferation of granu-
losa cells are closely related to the pathogenesis of PCOS
[5].
In recent years, the role of microRNAs (miRNAs) in

ovarian physiology and pathology has attracted much
attention. Some studies have shown that miRNAs play
important roles in the development of ovarian cancer,
activation of primitive follicles, follicular development,
oocyte maturation and ovulation [6–8]. Several studies
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have found a variety of differentially expressed micro-
RNAs in ovarian granulosa cells of PCOS patients, which
are closely related to the proliferation and apoptosis of
ovarian granulosa cells, and the production of progester-
one, estradiol and testosterone [9, 10].
The human miR-23a gene is located on chromosome 19

of the human genome and transcribed into a part of the
miR-23a-27a-24-2 cluster [11]. Mi-23a-27a-24-2 cluster,
which encodes primicroRNA transcripts composed of
three kinds of miRNAs (miR-23a, miR-27a and miR-24-2),
is responsible for inducing caspase-dependent and
caspase-independent apoptosis of embryonic kidney cells
(HEK293T) through human c-Jun N-terminal kinase
pathway [11]. In recent years, more and more evidence
has shown that miR-23a is essential for folliculogenesis. It
has been reported that the expression of circulating miR-
23a of patients with PCOS was down-regulated compared
with healthy women, and proved that miR-23a is a better
indicator for evaluation of PCOS than the miR-23b [12].
However, as far as we know, the specific role and mechan-
ism of miR-23a in PCOS have not been studied.
Studies proved that miR-23a is significantly up-

regulated in premature ovarian insufficiency (POI) pa-
tients’ serum and poor ovarian response (POR) patients’
ovarian granulosa cells [13–16]. Compared with normal
women, miR-23a was significantly upregulated in follicu-
lar cells of women receiving assisted reproductive tech-
nology (ART) due to oviduct and endometriosis [17].
More critically, miR-23a can promote the apoptosis by
affecting the expression of multiple targets, including
XIAP, SMAD5 and Sirt1 [14, 15, 18].
Therefore, in the present research, we hypothesized

that miR-23a is involved in the development of PCOS by
regulating downstream pathways related to cell survival
in ovarian cells. The objective of this study was to con-
firm the regulatory effect and mechanism of miR-23a on
the growth of cov434 cells. We analyzed the expression
of miR-23a in serum samples from PCOS patients and
healthy women and the correlation between miR-23a
level and PCOS symptoms. We focused on a new mo-
lecular mechanism by which miR-23a induces apoptosis
in granular cells.

Materials and methods
Samples
The serum of 50 Chinese women with PCOS was col-
lected in Mindong hospital, Ningde City, Fujian Province
from September 2018 to December 2018. According to
the revised PCOS diagnostic criteria published by the
Rotterdam consensus [1], the PCOS group excluded pa-
tients with Cushing’s syndrome, delayed congenital ad-
renal hyperplasia, thyroid dysfunction / hyperthyroidism,
hyperprolactinemia or androgen secreting tumor, as well
as patients with diabetes, hypertension, chronic kidney

disease, smoking and using alcohol or drugs. The serum
of 50 healthy women was collected as the control group.
The volunteers in the control group had normal men-
struation, normal ovaries and no history of reproductive
system disease or appendicitis. The control and PCOS
group did not take any medications in the past 3
months, including oral contraceptives or other hormonal
medications with no intrauterine devices or smoking.
Patients with reproductive system disease or appendicitis
history were excluded from the control group. All volun-
teers had understood the purpose and requirements of
this study and signed a written informed consent before
participating in the study. 4 ml of elbow venous blood
from each sample was taken and stored in a refrigerator
at − 80 °C. All the experiments involved in this study
have obtained the ethical approval of Mindong hospital
in Ningde City.

Evaluation of BMI and sex hormone
The weight and height of the volunteers were measured
to calculate Body mass index (BMI) (BMI = weight/
height2). Radioimmunoassay (RigorBio Scientific and
Technology Co., Beijing) was used to measure the level
of total testosterone and other sex hormones.

Cell line and transfection
Cell lines KGN (derived from a granulosa cell tumor),
cov434 (derived from a granulosa cell tumor) and SVOG
(derived by immortalization of granulosa/luteal cells
using SV40 large T antigen) were purchased from cell
resource bank of Chinese Academy of Sciences. 1 × 105

cells were seeded into 24 well plates. MiR-23a micmic
(50 nM), miR-23a inhibitor (100 nM) and negative con-
trol (NC, 50 nM mimic NC and 100 nM inhibitor NC)
(Ruibo Biotechnology Co., Ltd., Guangzhou, China) were
transfected into cov434 cells by Lipofectamine™ 2000. Nor-
mal untreated cov434 cells were cultured as control. The
sequence of siRNA used in this study is as follows: miR-23a
mimic, 5′-CCTTTAGGGACCGTTACACTA-3′; mimic
NC, 5′-TTCTCCGAACGTGTCACGTTTC-3′; miR-23a
inhibitor, 5′-TAGTGTAACGGTCCCTAAAGG-3′; inhibi-
tor NC, 5′-TTCTCCGAACGTGTCACGTTTC-3′.

Real time fluorescence quantitative PCR (qPCR)
Total RNA were extract from samples or cells using Trizol
reagent. Related expression of target gene was calculated
using 2-ΔΔCt method. This study involves the following
sequences: miR-23a-3p Reverse transcription: 5′- GTCGT
ATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATA
CGACGGAAAT-3′; miR-24-2 Reverse transcription: 5′-
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT
GGATACGACCTGTGT-3′; miR-27a-3P 5′-GTCGTATC
CAGTGCAGGGTCCGAGGTATTCGCACTGGATACGA
CGCGGAA-3′; U6 Reverse transcription, 5′-AAAATATG
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GAACGCTTCACGAATTTG-3′; miR-23a-3p forward pri-
mer 5′-GCGATCACATTGCCAGGG-3′ and reverse primer
5′-AGTGCAGGGTCCGAGGTATT-3′; miR-24-2 forward
primer 5′-CGCGTGCCTACTGAGCTGAA-3′ and reverse
primer 5′-AGTGCAGGGTCCGAGGTATT-3′; miR-27a-3P
forward primer 5′-GCGCGTTCACAGTGGCTAAG-3′ and
reverse primer 5′-AGTGCAGGGTCCGAGGTATT-3′; U6
forward primer 5′-CTCGCTTCGGCAGCACATATACT-3′
and reverse primer 5′-ACGCTTCACGAATTTGCGTGTC-
3′; FGD4 forward primer 5′-CCTGCCTCTGCTTCTTGT
GTCTC-3′ and reverse primer 5′-TGGTTGTCAATCCATG
CCTTCCTG-3′.

Cell proliferation assay
After 12 h of transfection, cells were seeded into a 96
well plate at the density of 5 × 103 cells per well. Each
group of cells was treated with 6 replicates. After incu-
bation for the specified time (0, 12, 24, 48 and 72 h),
10 μl of CCK-8 reagent was added and incubated at
37 °C for 2 h. The absorbance of each pore was mea-
sured at 450 nm by an enzyme labeling instrument.

Flow cytometry analysis for cell cycle
After 48 h of transfection, the cell cycle was detected by
flow cytometry. The cells were fixed with 70% ethanol
overnight at 4 °C. The cells were resuspended with
500 μl of binding buffer. 50 μl PI was added to the cell
suspension and incubated at room temperature for 30
min. The results were analyzed by ModFit and displayed
by FL2-w and FL2-a.

Flow cytometry analysis for apoptosis
After 48 h of transfection, the apoptotic cells were de-
tected by flow cytometry. 2 μl of PI and FITC annein V
were added into 100 μl cell suspension and incubated at
room temperature for 10 min. Cell apoptosis was de-
tected using a flow cytometer.

Western blot
The total protein was extracted with RIPA buffer. BCA
method was used to detect the protein concentration.
The extracted protein was electrophoresis by SDS-PAGE
and transferred to PVDF membrane. PVDF membrane
was incubated in 5% skimmed milk at room temperature
for 1 h, and then primary antibody overnight at 4 °Cfol-
lowed by the secondary antibody at room temperature
for 2 h. QUANTITY ONE software is used for result
analysis. The following antibodies were used in this re-
search: anti-FGD4 (Abcam, ab97785, 1:2000, 87KDa);
anti-CDC42 (Abcam, ab155940, 1:1000, 21KDa); anti-
PAK1 (Abcam, ab223849, 1:1000, 60KDa) and β-actin
(TransGen Biotech, HC201, 1:5000, 42KDa).

Double luciferase reporting assay
The plasmids of wild type (FDG4-WT) and mutant type
(FDG4-MUT) luciferase reporter genes were constructed
using pcDNA3.1as the empty vector. MiR-23a mimic,
mimic NC, FDG4-WT and FDG4-MUT plasmids were co-
transfected into cov434 cells by LipofectamineTM 2000.
Cells were divided into four groups: FGD4-WT 3′-UTR +
miR-23a mimic NC; FGD4-Mut 3′-UTR+miR-23a mimic
NC; FGD4-WT 3′-UTR+ miR-23a mimic; FGD4-Mut 3′-
UTR+ miR-23a mimic. After 36 h of transfection, Firely
Lueiferase (F) and Renilla Luciferase (R) were detected by
GLO-MAX 20/20 \fluorescence detector, and the relative
luciferase activity (F / R) was calculated.

Statistical analyses
All data were analyzed with SPSS 22.0 (SPSS, Inc., Chi-
cago, IL) software, and represented as mean ± SD. Spear-
man method was used to analyze the relationship
between miRNA level and other indicators. Independent
sample t-test was used to evaluate the difference be-
tween two groups and One-way ANOVA was used to
analyze the difference between three and more groups
with post hoc contrasts by Bonferroni test. P < 0.05 was
considered statistically significant.

Results
MiR-23a was downregulated in serum of PCOS patients
Peripheral blood was collected from 50 local PCOS pa-
tients for the detection of miR-23a level with 50 healthy
women’s peripheral blood as the control. Clinical infor-
mation on age, BMI and sex hormone levels of PCOS
patients and normal control samples are all listed in
Table 1. As shown in Fig. 1a, the serum miR-23a level in
PCOS patients was significantly lower than that in the
control group (P < 0.001). Then, we detected the level of
miR-27a and miR-24-2 using qPCR. As shown in Fig. 1a,
miR-27a and miR-24-2 also downregulated in peripheral
blood of PCOS patients compared with healthy sample.

Table 1 The clinical information of PCOS and control groups

Clinical index PCOS
(n = 50)

Control
(n = 50)

P

Age 30.98 ± 3.82 30.76 ± 3.12 0.753

E2 (pg/mL) 41.34 ± 12.05 37.65 ± 11.32 0.118

BMI (Kg/m2) 24.48 ± 2.62 22.63 ± 2.48 < 0.001

LH (mIU/mL) 9.35 ± 1.77 7.67 ± 1.80 < 0.001

FSH (mIU/mL) 8.22 ± 1.10 7.79 ± 1.12 0.051

PRL (mIU/L) 270.3 ± 132.5 227.9 ± 116.6 0.091

T (mIU/mL) 1.19 ± 0.53 0.522 ± 0.18 < 0.001

Glu (nmol/mL) 6.33 ± 2.00 5.31 ± 1.89 < 0.05

INS (μU/mL) 21.19 ± 3.79 13.25 ± 5.46 < 0.001

E2 Estradiol, BMI Body Mass Index, LH Luteinizing hormone, FSH Follicule-stimulating
hormone, PRL Prolactin, T Testostrone, Glu Glucose, INS Insulin
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The correlation between the expression of miR-23a and
clinical index of PCOS patients
We further analyzed the correlation between the expres-
sion of miR-23a and clinical index. As shown in Table 1,
the BMI of PCOS patients were significantly higher than
that of healthy controls (P < 0.001). The correlation ana-
lysis showed that there was a positive correlation be-
tween serum miR-23a level and BMI in PCOS patients
(Fig. 1b, P = 0.0199, r = 0.3285), but no correlation was
found in healthy control group (Fig. 1c, P = 0.8632, r =
0.02499). As shown in Table 1, the serum LH concentra-
tion in PCOS patients was 9.35 ± 1.77 mIU/mL, which
was significantly higher than that in healthy women
(7.67 ± 1.80 mIU/mL) (P < 0.001). Furthermore, there
was a negative correlation between serum miR-23a level
and LH concentration in PCOS patients (Fig. 1d, P = 0.0088,
r= 0.3665), but no correlation was found in healthy control

group (Fig. 1e, P = 0.3210, r= 0.1432). The serum miR-23a
level was also negative correlated with GLU (Fig. 1f,
P = 0.0215, r = 0.3245), INS (Fig. 1h, P = 0.0013, r = 0.4414)
and T (Fig. 1j, P = 0.0110, r = 0.3569) concentration in
PCOS patients, but not in healthy control group (GLU:
Fig. 1g, P = 0.9361, r= 0.0116; INS: Fig. 1i, P = 0.0678,
r= 0.2604; and T, Fig. 1k, P = 0.7091, r= 0.0541).

MiR-23a inhibits the proliferation of cov434 cells
In this study, the expression of miR-23a in three human
granulosa cell lines was detected by qPCR. As shown in
Fig. 2a, the expression level of miR-23a was lowest in
cov434 cells and highest in KGN cells. Therefore, we
chose cov434 cell line for subsequent experiments. Sub-
sequently, miR-23a-specific-siRNA or mimic was trans-
fected into cov434 cells to explore the role of miR-23a.
As shown in Fig. 2b, the expression of miR-23a in cells

Fig. 1 MiR-23a was downregulated in serum of PCOS patients. a qPCR was performed to detect the expression of miR-23a in PCOS sample
(PCOS) and healthy control (Normal). b miR-27a and miR-24-2 levels were detected using qPCR in PCOS and normal group. Correlation between
miR-23a level and BMI was analyzed in PCOS (c) and control (d) group. Correlation between miR-23a level and LH was analyzed in PCOS (e)
control (f) group. Correlation between miR-23a and GLU level was analyzed in PCOS (g) and control (h) group. Correlation between miR-23a and
INS level was analyzed in PCOS (i) control (j) group. Correlation between miR-23a and T level was analyzed in PCOS (k) and control (l) group.
*P < 0.05; **P < 0.01; ***P < 0.001
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was significantly increased by the transfection of miR-
23a mimic (P < 0.001). Similarly, the expression of miR-
23a in cells was significantly knocked down by the trans-
fection of miR-23a inhibitor (Fig. 2c) (P < 0.05).
Then, CCK8 assay was performed to detect the effect

of miR-23a on the proliferation of cov434 cells. As
shown in Fig. 2d, compared with the control group, the
transfection of miR-23a mimic significantly inhibited the
proliferation of cov434 cells (P < 0.05); on the contrary,
the transfection of miR-23a inhibitor significantly pro-
moted the proliferation of cov434 cells (P < 0.05). These
data proved that the expression level of miR-23a was in-
volved in the regulation of cov434 cell proliferation.

MiR-23a induced cell cycle arrest on G0/G1 phase of
cov434 cells
Next, flow cytometry was used to detect the effect of
miR-23a on the cell cycle of cov434. As shown in Fig. 3,
cells stagnated in G0/G1 phase after transfection of
miR-23a mimic (P < 0.05), and the proportion of cells in
S phase and G2/M phase decreased significantly
(P < 0.05). The results were consistent with the inhib-
ition of cell proliferation by over-expression of miR-23a,
suggesting that miR-23a induced cell cycle arrest and
thus inhibit cell proliferation in cov434 cells. On the
contrary, the proportion of G2/M phase cells increased
significantly in the miR-23a inhibitor group (P < 0.05),
while that of G0/G1 and S phase cells decreased (P < 0.05).

The results showed that low expression of miR-23a pro-
moted cell cycle progression and thus cell proliferation.

MiR-23a promotes apoptosis of cov434 cells
Flow cytometry was performed to detect the effect of the
expression of miR-23a on the apoptosis of cov434 cells.
As shown in Fig. 4, apoptotic cells increased significantly
(P < 0.05) after the transfection of miR-23a mimic, and
decreased significantly (P < 0.05) after the transfection of
miR-23a inhibitor. These results suggested that overex-
pression of miR-23a promoted apoptosis, while low ex-
pression of miR-23a inhibited apoptosis.

FGD4 is the bind target of miR-23a in cov434 cells
Then, we predicted six novel potential target of miR-23a
via the analysis on bioinformatics software Target Scan.
Subsequently, the results of double luciferase reporter
assay proved that only FGD4 could bind to miR-23a dir-
ectly through predicted sites. The binding sites are
shown in Fig. 5a. Co-transfection of miR-23a mimic
inhibited the luciferase activity of FGD4-WT plasmid
(P < 0.01), but had no effect on the luciferase activity of
FGD4-Mut plasmid (Fig. 5b). The results showed that
miR-23a and FGD4 bind directly through predictive sites.
The effect of miR-23a on the expression of FGD4 in

cov434 cells was investigated using qPCR and western
blot. As shown in Fig. 6a, the expression of FGD4 was
significantly decreased by the transfection of miR-23a
mimic (P < 0.01), whereas the transfection of miR-23a

Fig. 2 MiR-23a inhibits the proliferation of human ovarian granulosa cells. a The expression of miR-23a in three human ovarian granulosa cell
lines KGN, cov434 and SVOG was detected by qPCR. b MiR-23a was overexpressed by the transfection of miR-23a mimics. c MiR-23a was knocked
down by the transfection of miR-23a inhibitor. d CCK8 was performed to detect the proliferation of cov434 cells. *P < 0.05; ***P < 0.001
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inhibitor significantly increased the mRNA expression of
FGD4 in cov434 cells (P < 0.05). As shown in Fig. 6b and
c, the protein level of FGD4 was significantly decreased
by the transfection of miR-23a mimic (P < 0.01), whereas
the protein level of FGD4 was significantly increased
by miR-23a inhibitor (P < 0.05). Combining with the
double Luciferase Report experiment, these results in-
dicated that miR-23a physically bind to the 3′-UTR
region of FGD4, thereby regulating the level of FGD4
in cov434 cells.

MiR-23a induces the activation of CDC42/PAK-1 signaling
pathway in cov434 cells
CDC42 is a member of the Rho GTPase protein family.
FGD4 is responsible for activating CDC42 through GTP
exchange of GDP. PAK-1, a serine/threonine kinase, was
initially identified as a protein interacting with CDC42
[19]. CDC42/PAK-1 signaling pathway involved in the
regulation of cell proliferation, apoptosis and cell cycle
[19]. As shown in Fig. 6d, the protein expression of acti-
vated CDC42 (GTP bround) was significantly increased
by the transfection of miR-23a mimic (P < 0.01), and sig-
nificantly decreased by the transfection of miR-23a in-
hibitor (P < 0.05). The effect of miR-23a on the
expression of p-PAK-1 protein was similar to that of
CDC42 protein (Fig. 6f).

Discussion
In this study, we explored the differences in serum levels
of miR-23a between PCOS patients and normal women,
as well as the effects of miR-23a on biological behavior
such as proliferation and apoptosis of cov434 cells and
related specific molecular mechanisms, in order to pro-
vide limited theoretical support and experimental data
for the application of miRNA in PCOS treatment.
Firstly, we found that compared with healthy women,

the serum level of miR-23a in PCOS patients decreased
significantly. According to previous reports, the level of
miR-23a in patients with ovarian disease remains uncer-
tain. Yang et al. reported that miR-23a was highly
expressed in the plasma from 39 premature ovarian fail-
ure (POF) patients compared with 20 controls with a
fold change 2.75 [14]. However, Dang et al. found
that miR-23a is down-regulated in the plasma of
Chinese patients with premature ovarian failure [15].
This inconsistency may be caused by individual differ-
ences and low sample size. MiR-23a level in patients
with ovarian disease still needs to be verified in a
large number of samples.
Moreover, miR-23a was positively correlated with BMI

and negatively correlated with serum LH, T, Glu and
INS concentration. Hyperandrogenism and hyperinsuli-
nemia in PCOS patients are the most important physio-
logical changes, exacerbating endocrine disorders [20].

Fig. 3 MiR-23a induced cell cycle arrest on G0/G1 phase of cov434 cells. a Flow cytometry was used to detect the effect of miR-23a on the cell
cycle of cov434 with transfection of miR-23a mimics or inhibitor. b Column diagram showed the analysis of cell cycle. *P < 0.05
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MiR-23a is closely related to the changes of hormone
levels, suggesting that it may be involved in the progres-
sion of PCOS and is a potential clinical treatment target.
Murri et al. also reported an inverse relationship between
BMI and LH concentrations in patients with PCOS [21].
Serum is composed of multiple components from a var-
iety of tissues and organs. Therefore, the concentration of
miR-23a in serum is regulated by a variety of components
and factors. In addition, the results also indicated that the
decrease in miR-23a had a negative impact on the occur-
rence of PCOS and the increase in LH.
Then, we investigated the role of miR-23a in cov434

cells. We have found that miR-23a can affect the prolif-
eration of cov434 cells by regulating cell cycle and par-
ticipate in the regulation of cell apoptosis through a
series of cell functional studies. It has been shown that
miR-23a is closely related to apoptosis by inhibiting the
expression of Apaf-1 and Bcl-2 apoptotic proteins (in-
cluding Noxa, Puma and Bax) in neurons [22]. It has
also been reported that miR-23a protects differentiated
embryonic stem cells from apoptosis induced by bone
morphogenetic protein 4 (BMP-4) by targeting SMAD5
[23]. These data provide strong support for our results,
suggesting that miR-23a may be closely related to granu-
losa cell apoptosis through a variety of pathways.

These results suggest that miR-23a may be closely re-
lated to the pathogenesis and development of PCOS.
Therefore, we further study the molecular mechanism of
miR-23a involved in the proliferation and apoptosis of
cov434 cells. The biological functions of miRNAs de-
pend mainly on their effects on targets. The same micro-
RNAs may have hundreds of target proteins those
change with cell type and cell state. MiR-23a can pro-
mote the apoptosis of cov434 cells by affecting the ex-
pression of multiple targets [14, 18, 23, 24]. At present,
many targets have been found including X-linked inhibi-
tor of apoptosis protein (XIAP), SMAD5 and Sirt1 [14,
18]. In this study, we found FGD4 as a new target of
miR-23a. The direct interaction between the 3′-UTR re-
gion of FGD4 mRNA and the expression of miR-23a
was demonstrated by double luciferase reporter assay.
The results of qPCR and Western blot showed that
over-expression of miR-23a inhibited the expression of
FGD4 at the level of protein and mRNA, while low ex-
pression of miR-23a promoted the expression of FGD4
at the level of protein and mRNA.
FGD4 is a Guanine Nucleotide Exchange Factor (GEF)

specific to CDC42 Rho GTPase and also an F-actin
binding protein, which is essential for maintaining mye-
lin formation in Schwann cells [25]. FGD4 consists of N-

Fig. 4 MiR-23a promotes apoptosis of human ovarian granulosa cells. a Flow cytometry was used to detect the effect of miR-23a on the
apoptosis of cov434 with transfection of miR-23a mimics or inhibitor. b Column diagram showed the analysis of cell apoptosis. *P < 0.05
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terminal F-actin binding(FAB) domain, Dbl homology
(DH) domain, two pleckstrin homology (PH) domain
and FYVE domain [25]. FGD4 has many functions, in-
cluding binding to F-actin through FAB domain, activat-
ing Rho GTPase signal transduction pathway by
increasing the concentration of CD42 binding to GTP.

The structure domain of FGD4 indicates that it acts as a
cross-linker between membrane structure and actin
cytoskeleton; therefore, the functional deletion mutation
of FGD4 coding gene may result in truncated FGD4 ex-
pression and lead to motor sensory neuropathy or
Charcot-Marie-Tooth(CMT) type 4 [26, 27]. The

Fig. 5 FGD4 binds to miR-23a via the 3’UTR in cov434 cells. a the binding site of miR-23a to 3’UTR of FGD4. b Double luciferase reporter assay
was performed to confirm the binding between miR-23a and FGD4’s 3’UTR. **P < 0.01

Fig. 6 MiR-23a induces the activation of CDC42/PAK-1 signaling pathway in cov434 cells. a The expression of FGD4 was detected using qPCR in
cov434 cells with transfection of miR-23a mimics or inhibitor. b Western blot was performed to detect the levels of CDC42 and p-PAK-1 in
cov434 cells with transfection of miR-23a mimics or inhibitor. c Column diagram showed the expression level of FGD4. d Column diagram
showed the expression level of CDC42. e Column diagram showed the expression level of p-PAK-1
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mutation is mediated by inhibiting guanine nucleotide
exchange, leading to the decrease of CDC42 activity and
the demyelination of peripheral nerves ultimately. How-
ever, in this study, mir-23a expression and function were
only studied by using patients’ peripheral blood and cell
lines cultured in vitro. The expression and function of
mir-23a in vivo and patients’ ovarian cells still need fur-
ther verification.
In addition, recent studies have shown that FGD4 ex-

pression in prostate cancer clinical samples is signifi-
cantly up-regulated compared with the normal group,
and down-regulation expression of FGD4 in prostate
cancer cell lines can cause cell cycle arrest and prolifera-
tion reduction [28]. It seems that FGD4 is also involved
in the tumorigenesis of nasopharyngeal carcinoma due
to its activation of CDC42 [29]. Studies have shown that
activated CDC42 regulates downstream signals such as
PAK-1, WASP and ACK. PAK-1, as a serine/threonine
kinase, was originally identified as a protein that inter-
acts with CDC42 and was subsequently found to serve
as a downstream node for various oncogenic signaling
pathways. Studies have shown that the CDC42/PAK-1
signaling pathway involved in cell cycle, proliferation
and apoptosis regulation [30]. Our study found that
miR-23a affects the expression of FGD4 as well as the
protein levels of activated CDC42 (GTP bround) and p-
PAK-1. Therefore, we hypothesized that miR-23 regu-
lated CDC42/PAK-1 signaling pathway by targeting
FGD4 expression, ultimately affecting apoptosis of
cov434 cells.
In conclusion, our study reveals that the serum level of

miR-23a is significantly down-regulated in PCOS pa-
tients, and that miR-23a participates in the regulation of
proliferation and apoptosis of cov434 cells through tar-
get FGD4, which may have potential for clinical treat-
ment of PCOS patients.

Acknowledgements
Not applicable.

Authors’ contributions
JL and HH mainly performed the experiments and analyzed the data. JL was a
major contributor in writing the manuscript. LL helped with the data analysis
and carried out the experiment design. WL and JH helped with the
experiments and analysis. All authors read and approved the final manuscript.

Funding
This study was supported by 2018 Ningde medical technology improvement
project.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Ethics approval and consent to participate
This research study was approved by the Institutional Review Board of Fujian
Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Graduate School, Fujian Medical University, Fuzhou, China. 2The 900th
hospital of the Joint Service Support Force of the Chinese People’s
Liberation Army, Fuzhou, China. 3Gynaecology, Mindong Hospital in Ningde
City, No. 89 Heshan Road, Fuan, Fujian, China.

Received: 20 December 2019 Accepted: 13 July 2020

References
1. Utiger RD. Insulin and the polycystic ovary syndrome. Diabetes Res Clin

Pract. 2017;130(9):163.
2. Polak K, Czyzyk A, Simoncini T, Meczekalski B. New markers of insulin

resistance in polycystic ovary syndrome. J Endocrinol Invest. 2017;40(1):1–8.
https://doi.org/10.1007/s40618-016-0523-8.

3. Trikudanathan S. Polycystic ovarian syndrome. Med Clin N Am. 2014;99(1):
221–35.

4. American College of Obstetricians and Gynecologists' Committee on
Practice Bulletins—Gynecology. ACOG Practice Bulletin No. 194: Polycystic
Ovary Syndrome. Obstet Gynecol. 2018;131(6):e157–71. https://doi.org/10.
1097/AOG.0000000000002656.

5. Li X, et al. The role of androgen in autophagy of granulosa cells from PCOS.
Gynecol Endocrinol. 2019;35(8):1–4.

6. Ovidiu-Leonard B, et al. miRNA expression profiling in formalin-fixed
paraffin-embedded endometriosis and ovarian cancer samples. Onco
Targets Ther. 2017;10:4225–38.

7. Maalouf SW, Liu WS, Pate JL. MicroRNA in ovarian function. Cell Tissue Res.
2015;363(1):7–18.

8. Kim SH, et al. Paeonol inhibits anaphylactic reaction by regulating histamine
and TNF-α. Int Immunopharmacol. 2004;4(2):279–87.

9. Naji M, et al. Differential Expression of miR-93 and miR-21 in Granulosa Cells
and Follicular Fluid of Polycystic Ovary Syndrome Associating with Different
Phenotypes. Sci Rep. 2017;7(1):14671.

10. Bindu M, et al. miR-122 Regulates LHR Expression in Rat Granulosa Cells by
Targeting Insig1 mRNA. Endocrinology. 2018;159(5):5.

11. Chhabra R, Dubey R, Saini N. Gene expression profiling indicate role of ER
stress in miR-23a~27a~24–2 cluster induced apoptosis in HEK293T cells.
RNA Biol. 2011;8(4):648–64.

12. Xiong W, et al. Circulatory microRNA 23a and microRNA 23b and polycystic
ovary syndrome (PCOS): the effects of body mass index and sex hormones
in an Eastern Han Chinese population. J Ovarian Res. 2017;10(1):10.

13. Guo Y, Sun J, Lai D. Role of microRNAs in premature ovarian insufficiency.
Reprod Biol Endocrinol. 2017;15(1):38.

14. Yang X, et al. Role of microRNAs in premature ovarian insufficiency. Reprod
Biol Endocrinol. 2017;144(2):235–44.

15. Dang Y, et al. MicroRNA-22-3p is down-regulated in the plasma of Han
Chinese patients with premature ovarian failure. Fertil Steril. 2015;103(3):
802–807.e1.

16. Nie M, Yu S, Peng S, Fang Y, Wang H, Yang X. miR-23a and miR-27a
promote human granulosa cell apoptosis by targeting SMAD5. Biol Reprod.
2015;93(4):98. https://doi.org/10.1095/biolreprod.115.130690.

17. Alford C, Toloubeydokhti T, Al-Katanani Y, et al. The expression of microRNA
(miRNA) mir-23a and 23b and their target gene, CYP19A1 (aromatase) in
follicular cells obtained from women undergoing ART[J]. Fertil Steril. 2007;
88(supp-S1).

18. Nie M, et al. miR-23a and miR-27a Promote Human Granulosa Cell
Apoptosis by Targeting SMAD5. Biol Reprod. 2015;93:98.

19. Sørensen AE, et al. MicroRNA Species in Follicular Fluid Associating With
Polycystic Ovary Syndrome and Related Intermediary Phenotypes. J Clin
Endocrinol Metab. 2016;101(4):1579–89 jc20153588.

20. Wu C, et al. Exercise activates the PI3K-AKT signal pathway by decreasing
the expression of 5α-reductase type 1 in PCOS rats. Sci Rep. 2018;8(1):7982.

21. Murri M, et al. Effects of polycystic ovary syndrome (PCOS), sex hormones,
and obesity on circulating miRNA-21, miRNA-27b, miRNA-103, and miRNA-
155 expression. J Clin Endocrinol Metab. 2013;98(11):E1835–44.

22. Sabirzhanov B, et al. Downregulation of miR-23a and miR-27a following
Experimental Traumatic Brain Injury Induces Neuronal Cell Death through
Activation of Proapoptotic Bcl-2 Proteins. J Neurosci. 2014;34(30):10055–71.

Lin et al. Journal of Ovarian Research           (2020) 13:90 Page 9 of 10

https://doi.org/10.1007/s40618-016-0523-8
https://doi.org/10.1097/AOG.0000000000002656
https://doi.org/10.1097/AOG.0000000000002656
https://doi.org/10.1095/biolreprod.115.130690


23. Musto A, et al. miR-23a, miR-24 and miR-27a protect differentiating ESCs
from BMP4-induced apoptosis. Cell Death Differ. 2015;22(6):1047–57.

24. Nie MY, Yang X. Physiological and pathological effects of miR-23a and miR-
27a in ovary; 2014.

25. Horn M, et al. Myelin is dependent on the Charcot-Marie-Tooth Type 4H
disease culprit protein FRABIN/FGD4 in Schwann cells. Brain. 2012;135(12):
3567–83.

26. Kondo D, et al. A novel mutation in FGD4 causes Charcot–Marie–Tooth
disease type 4H with cranial nerve involvement. Neuromuscul Disord. 2017;
27(10):959–61.

27. Zis P, et al. A novel mutation in the FGD4 gene causing Charcot-Marie-
tooth disease. J Peripher Nerv Syst. 2017;22:224–5.

28. Edwards D, et al. PRL?3 increases the aggressive phenotype of prostate
cancer cells in???Vitro and its expression correlates with high-grade prostate
tumors in patients. Int J Oncol. 2018;52(2):402–12.

29. Liu HP, et al. Epstein-Barr Virus-Encoded LMP1 Interacts with FGD4 to
Activate Cdc42 and Thereby Promote Migration of Nasopharyngeal
Carcinoma Cells. PLoS Pathog. 2012;8(5):e1002690.

30. Kumar R, Gururaj AE, Barnes CJ. p21-activated kinases in cancer. Nat Rev
Cancer. 2006;6(6):459–71. https://doi.org/10.1038/nrc1892.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Lin et al. Journal of Ovarian Research           (2020) 13:90 Page 10 of 10

https://doi.org/10.1038/nrc1892

	Abstract
	Background
	Results
	Conclusions

	Background
	Materials and methods
	Samples
	Evaluation of BMI and sex hormone
	Cell line and transfection
	Real time fluorescence quantitative PCR (qPCR)
	Cell proliferation assay
	Flow cytometry analysis for cell cycle
	Flow cytometry analysis for apoptosis
	Western blot
	Double luciferase reporting assay
	Statistical analyses

	Results
	MiR-23a was downregulated in serum of PCOS patients
	The correlation between the expression of miR-23a and clinical index of PCOS patients
	MiR-23a inhibits the proliferation of cov434 cells
	MiR-23a induced cell cycle arrest on G0/G1 phase of cov434 cells
	MiR-23a promotes apoptosis of cov434 cells
	FGD4 is the bind target of miR-23a in cov434 cells
	MiR-23a induces the activation of CDC42/PAK-1 signaling pathway in cov434 cells

	Discussion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

