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miR-423-5p serves as a diagnostic indicator and inhibits
the proliferation and invasion of ovarian cancer
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Abstract. MicroRNA (miR)-423-5p is a potential target for
the diagnosis and therapy of heart failure and cancer. The
present study aimed to investigate the expression and role
of miR-423-5p in ovarian cancer. miR-423-5p expression in
ovarian tissues and plasma collected from ovarian cancer
patients and healthy volunteers was analyzed by polymerase
chain reaction analysis. In addition, a cell proliferation assay,
clonogenic assay and Matrigel-based assay were performed
to evaluate the role of miR-423-5p in ovarian cancer cells.
The results demonstrated that miR-423-5p was down-
regulated in ovarian cancer tissues and plasma from ovarian
cancer patients, compared with healthy individuals. Of
note, miR-423-5p expression in ovarian tissues and plasma
was demonstrated to be inversely correlated with ovarian
cancer progression. Transfection with miR-423-5p efficiently
increased miR-423-5p expression in A2780-s and A2780-cp
cells, which had low miR-423-5p expression. Ectopic over-
expression of miR-423-5p reduced cell proliferation, colony
formation and invasion of ovarian cancer cells. In conclusion,
the present study indicated that miR-423-5p may serve as a
diagnostic indicator and functions as a tumor suppressor in
ovarian cancer.

Introduction
Ovarian cancer is the second most prevalent gynecological

cancer type and the fifth most common cause of cancer-associ-
ated mortality in women, of which epithelial ovarian carcinoma
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is the most common pathological type, accounting for 85-90%
of ovarian cancer cases (1-3). Consistent with the poor prognosis
due to the extensive metastasis of ovarian cancer cells into the
peritoneal cavity, the majority of ovarian cancer patients experi-
ence a relapse within 2 years (2,4). Despite the development of
several approaches for targeted therapies for ovarian cancer, the
prognosis of patients with advanced disease has not improved
much in the last 2 decades (1,5,6). This may be due to chemore-
sistance and difficulties in early detection, as most patients are
not diagnosed with ovarian cancer until reaching the advanced
stages (stage IIT or IV) (7,8). Therefore, it is urgently required to
identify novel therapeutic and diagnostic targets to help improve
the prognosis of ovarian cancer patients.

MicroRNAs (miRNAs) are small RNA molecules of
~22 nucleotides in length that mediate the post-transcriptional
regulation of gene expression by binding mainly to the 3'-end
of mRNA transcripts to induce translational repression and/or
mRNA degradation (9,10). miRNAs have numerous critical
roles in the regulation of the proliferation, differentiation, apop-
tosis, invasion and metastasis of tumor cells (11-13). Emerging
evidence suggests a role of miRNAs in cancer, with potential
use as novel disease-associated biomarkers (14-16). Changes
in tissue and circulating levels of miRNA have been described
in esophageal cancer (17) and lung cancer (13). Accordingly,
the development of miRNAs as diagnostic biomarkers and
therapeutic targets for cancer is feasible, and has prospective
clinical applications.

miR-423-5p was identified as a circulating biomarker for
heart failure (18) and inducer of apoptosis in cardiomyocytes
by targeting 3-linked N-acetylglucosamine (O-GIcNAc) trans-
ferase (19). In tumors, miR-423-5p has been demonstrated to
contribute to the development of malignant phenotypes and
temozolomide resistance in glioblastoma (20), and increase
autophagy in hepatocellular carcinoma cells (21). Furthermore,
plasma miR-423-5p levels have promising potential to serve as
a novel biomarker for colorectal cancer detection, particularly
at its early stage (22). miR-423-5p was observed to respond
to Sorafenib therapy for hepatocellular carcinoma, since 75%
of patients with increased plasma miR423-5p levels achieved
partial remission or stable disease after 6 months from the
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beginning of therapy (21). These results demonstrated the
potential role of miR-423-5p in the diagnosis and therapy of
cancer. However, the expression and role of miR-423-5p in
ovarian cancer has remained to be determined, which was
therefore the aim of the present study.

Materials and methods

Clinical samples. The subjects of the present study
were 40 ovarian cancer patients treated at Sichuan Provincial
People's Hospital (Chengdu, China) and the Second People's
Hospital of Neijiang City (Neijiang, China) from January
2016 to May 2017. All patients were diagnosed with epithelial
ovarian cancer and complete clinical data for these patients
were available (age range, 52 to 75 years old; mean age,
61.2; 15 patients were diagnosed with metastasis; Table I). The
control group consisted of 20 patients that had been diagnosed
with ovarian endometriosis (age range 51 to 64 years old;
mean age, 58.6). Human ovarian cancer tissues and normal
ovarian endometriosis tissues were obtained with signed
written informed consent under a general waiver from the
Academic Medical Center institutional review board for the
proper secondary use of human material (Sichuan, China).
Fasting peripheral blood (5 ml) was drawn from each patient
and placed in anti-coagulative tubes at room temperature for
30 min, followed by centrifugation at 4,000 x g for 5 min at
4°C. The plasma supernatant was collected and stored at -80°C
until use. All of the experiments described were approved by
the ethics committee of Sichuan Provincial People's Hospital
(Chengdu, China).

Cell culture and transfection. The human ovarian cancer
cell lines A2780s, A2780cp, SKOV3, CAOV3 and PA-1
were obtained from the American Type Culture Collection
(Manassas, VA, USA), and the normal ovarian epithelial cell
line HOEC and was obtained from Jennio Biotech (Guangzhou,
China). HOEC cells were and passaged for <10 passages in
the laboratory. The cells were cultured in Dulbecco's modified
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) containing 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a humidi-
fied atmosphere containing 5% CO,. The molecular agomir
miR-423-5p expression system (cat. no. miR40004748-1-2)
and negative control (miR-NC; cat. no. miR04201-1-10) were
purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). miR-423-5p and miR-NC were transfected into
cells using miRNA transfection agent (riboFECT CP; cat.
no. C10511; RiboBio Co., Ltd., Guangzhou, China) following
the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Total RNA was extracted from ovarian
(cancer) tissues and cell using TRIzol® reagent (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
The miRNeasy Serum/Plasma kit (cat. no. 217184; Qiagen,
Hilden, Germany) was used to extract miRNA from plasma.
qPCR for miR-423-5p was performed using miRNA primers
obtained from Guangzhou RiboBio Co., Ltd. The sequences
were designed with the Bulge-Loop™ primer set, but not
specified due to the rules of the company. RT was performed
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Table I. Clinicopathological characteristics of patients with
ovarian cancer.

Characteristic N (%)
Age (years)
<60 23 (57.5)
>60 17 (42.5)
TNM stage (%)
I 8 (20)
II-111 19 (47.5)
v 13 (32.5)
Metastasis
Yes 15 (37.5)
No 25 (62.5)

TNM, tumor-nodes-metastasis.

on the isolated total RNA using a Reverse Transcription kit
(cat. no. RR047A; Takara Bio, Inc., Otsu, Japan) and qPCR
was performed using a Real Time PCR kit (cat. no. RR430A;
Takara Bio, Inc.). RT was performed using 1 ug total RNA in
2 ul water and the reaction conditions were 65°C for 5 min, 30°C
for 10 min, 42°C for 10-30 min and 2°C for 3 min. The qPCR
conditions were as follows: Denaturation at 94°C for 2 min,
amplification for 30 cycles at 94°C for 0.5 min, annealing at
58°C for 0.5 min and extension at 72°C for 1 min, followed
by a terminal elongation step at 72°C for 10 min. The qPCR
analysis was performed on a Bio-Rad CFX96 thermal cycler
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). mRNA
expression was quantified using the 2244 method (23). RT and
gPCR Experiments were performed three times. U6 was used
as the internal control.

Cell viability assay. At 48 h post miR-423-5p and miR-NC
transfection, the transfected cells were collected and counted.
Cells were seeded in 96-well plates at 1,000 cells/well in
0.1 ml DMEM with 10% FBS. Following 0, 24, 48 and 72 h of
incubation, a Cell Counting Kit-8 (CCK-8; Dojindo, Shanghai,
China) was used to determine cell viability. Subsequent to
3 h of incubation with CCK-8 reagent, the absorbance of
each well was measured at 450 nm using a micro-plate reader
(Thermo Fisher Scientific, Inc.). Four independent experi-
ments were performed.

Colony formation assay. At 48 h post miR-423-5p and miR-NC
transfection, the transfected cells were collected and counted.
Cells were seeded on 6-well plates at 1,000 cells/well in 2.0 ml
DMEM with 10% FBS. The cells were cultured for ~14 days and
then fixed with 4% paraformaldehyde for 15 min, followed by
staining with crystal violet (Beyotime Institute of Biotechnology,
Haimen, China) at room temperature for 15 min. The number
of colonies (>50 cells) in each well was counted and analyzed.
Three independent experiments were performed.

Matrigel®-based invasion assay. The Matrigel®-based inva-
sion assay was performed as described in a previous study (24).
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Figure 1. miR-423-5p is downregulated in ovarian cancer. miR-423-5p expression was determined in (A) ovarian tumor tissues of 40 ovarian cancer patients
and 20 ovarian endometriosis tissues, (B) plasma samples of 40 ovarian cancer patients and 20 plasma samples of healthy controls and in (C) the normal
ovarian epithelial cell line HOEC and the ovarian cancer cell lines A2780s, A2780cp, SKOV3, CAOV3 and PA-1. Reverse transcription-quantitative poly-
merase chain reaction was employed and U6 was used as a loading control. “P<0.01 vs. HOEC. miR, microRNA.
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Figure 2. miR-423-5p is downregulated in ovarian cancer with metastasis. The ovarian cancer patients were divided into two groups: Patients with metastasis
or without metastasis. The expression of miR-423-5p in (A) Primary ovarian tumor tissues and in (B) plasma of the two groups was analyzed. miR, microRNA.

miR-423-5p and miR-NC transfected cells (2,000 cells) in
serum-free medium (0.1 ml) were seeded in the upper chamber
of a 24-well Transwell insert (pore size, 8 um; BD Biosciences,
Bedford, MA, USA) with the filter pre-coated with 50 ul
Matrigel® (BD Biosciences) diluted at 1:5 in DMEM medium.
The lower chambers were filled with 500 ]l DMEM containing
10% FBS as a chemoattractant. After 48 h of incubation, the
cells that had not invaded through the pores were carefully
wiped off with a wet cotton swab and the inserts were fixed
with 4% paraformaldehyde for 15 min at room temperature,
followed by staining with crystal violet (Beyotime Institute of
Biotechnology) for 15 min at room temperature. The number
of invaded cells in each millicell was counted and analyzed.
Three independent experiments were performed.

Statistical analysis. Values are expressed as the
mean + standard deviation. For statistical comparison of

quantitative data between two groups, Students' t-test was
performed. If multiple groups were present, one-way analysis
of variance followed by Dunnett's multiple comparisons test
was used. All statistical analyses were performed using SPSS
20.0 statistical software (SPSS, Inc., Chicago,IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

miR-423-5p is downregulated in ovarian cancer. To deter-
mine the expression of miR-423-5p in patients with ovarian
cancer, RT-qPCR was performed. Epithelial ovarian tissues of
40 ovarian cancer patients with different tumor grades (Table I)
and 20 adjacent noncancerous (endometriosis) ovarian tissues
were collected for this analysis. Compared with that in ovarian
endometriosis tissues, miR-423-5p expression relative to U6
was significantly reduced in ovarian cancer tissues (8.24+0.97
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Figure 3. miR-423-5p is inversely associated with ovarian cancer progression. The patients were divided into groups according to their tumor stages
(I, II-IIT and IV) determined based on the clinical diagnostic criteria. (A) Expression of miR-423-5p in ovarian tissues and (B) percentage of patients with high
and low expression of mir-423-5p in ovarian tissues of different tumor stages. (C) Expression of miR-423-5p in plasma and (D) percentage of patients with
high and low expression of mir-423-5p in plasma of patients with different tumor stages. miR, microRNA.

vs. 2.0+0.27; Fig. 1A). Furthermore, miR-423-5p levels in
plasma were also determined. As presented in Fig. 1B, the
levels of miR-423-5p in the plasma from ovarian cancer
patients were determined to be lower than those in patients
with ovarian endometriosis (2.80+0.32 vs. 12.79+1.36). Next,
the expression of miR-423-5p was examined in ovarian cancer
cell lines. The normal ovarian epithelial cell line HOEC was
used as a normal control. The results indicated that miR-423-5p
expression was downregulated in all ovarian cancer cell lines
compared with that in the normal ovarian epithelial cell line
(Fig. 1C). Collectively, these results demonstrated the down-
regulation of miR-423-5p in the tumor tissues and plasma of
ovarian cancer patients as well as in ovarian cancer cell lines.

miR-423-5p is inversely associated with ovarian cancer
progression. Next, the relative expression of miR-423-5p was
analyzed in ovarian cancer patients stratified into two groups
depending on the absence or presence of metastasis. As
presented in Fig. 2A, lower miR-423-5p expression was demon-
strated in ovarian cancer tissues from patients with metastasis.
Furthermore, analysis of miR-423-5p levels in plasma also
indicated lower levels in ovarian cancer patients with metas-
tasis (Fig. 2B). miR-423-5p expression in ovarian tissues
and plasma was then compared for ovarian cancer patients
at different stages, which were stratified using International
Federation of Gynecology and Obstetrics staging (25) (Fig. 3).
In ovarian cancer patients with a higher tumor stage, lower
expression of miR-423-5p was demonstrated in ovarian cancer
tissues (stage I vs. stage II-III vs. stage IV: 4.64+0.47 vs.
1.64+0.26 vs. 0.92+0.16; Fig. 3A) and in plasma (stage I vs.
stage II-III vs. stage IV: 5.08+0.89 vs. 2.13+0.75 vs. 1.29+0.27,
Fig. 3C). Further analysis also demonstrated that miR-423-5p

expression is inversely correlated with the tumor grade
(Fig. 3B and D). Collectively, these results proved the capacity
of miR-423-5p levels in ovarian cancer tissues and plasma to
indicate ovarian cancer progression.

Overexpression of miR-423-5p inhibits ovarian cancer cell
proliferation. Based on the results obtained with the clinical
samples in the present study, miR-423-5p is a potential
tumor suppressor in ovarian cancer. Thus, a gain-of-function
approach was employed to investigate the function of
miR-423-5p in A2780s and A2780cp cells. The cells were
transfected with miR-423-5p and miR-NC (negative control)
and collected for total RNA extraction at 48 h post-transfection.
RT-qPCR analysis indicated that miR-423-5p was effi-
ciently expressed in miR-423-5p-transfected A2780s cells
(miR-423-5p/miR-NC expression ratio, 30.3+2.7; Fig. 4A)
and A2780cp cells (miR-423-5p/miR-NC expression ratio,
24.4+2.1; Fig. 4B). To determine whether miR-423-5p has
any effect on cell proliferation in vitro, 1,000 miR-423-5p
and miR-NC transfected cells were seeded into the wells of a
96-well plate for the CCK-8 assay. The results indicated that
ectopic expression of miR-423-5p significantly reduced the
proliferation of A2780s cells (Fig. 4C). miR-423-5p expression
also markedly reduced A2780cp cell proliferation (Fig. 4D).
Collectively, these results suggest that miR-423-5p suppresses
ovarian cancer cell proliferation.

Overexpression of miR-423-5p impairs colony formation of
ovarian cancer cells. A colony formation assay was performed
to further investigate the roles of miR-423-5p in ovarian cancer
(Fig. 5). At 48 h post miR-NC and miR-423-5p transfection,
1,000 A2780s and A2780cp cells were seeded into the wells of
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Figure 4. Overexpression of miR-423-5p inhibits ovarian cancer proliferation. (A and B) At 48 h post miR-NC and miR-423-5p transfection, reverse
transcription-quantitative polymerase chain reaction was employed to detect miR-423-5p expression in (A) A2780s and (B) A2780cp cells. U6 was used
as a loading control. Experiments were performed in triplicate. (C and D) A Cell Counting Kit-8 assay was used to determine the viability of (C) A2780s
and (D) A2780cp cells at 0, 24, 48 and 72 h post miR-NC and miR-423-5p transfection. “P<0.01, “"P<0.001 vs. miR-NC group. miR, microRNA; miR-NC,

scrambled control miR; OD, optical density.
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Figure 5. Overexpression of miR-423-5p impairs colony formation of ovarian cancer cells. At 48 h post miR-NC and miR-423-5p transfection, A2780s
and A2780cp cells were seeded in a 6-well plate at 1,000 cells/well in complete medium. Ten days later, crystal violet was used to stain the colonies of
(A and B) A2780s and (C and D) A2780cp cells was counted and quantified. Experiments were performed in triplicate. “P<0.01 vs. miR-NC group. miR,

microRNA; miR-NC, scrambled control miR.

a 6-well plate containing 2 ml DMEM with 10% FBS. Ten days
later, crystal violet was used to stain the colonies of A2780s
(Fig. 5A) and A2780cp cells (Fig. 5C). The results also demon-
strated the inhibitory role of miR-423-5p regarding the colony
formation ability of A2780s cells (miR-423-5p vs. miR-NC:
132.0+£5.7 vs. 187.3+10.3; decreased by 29.5%; Fig. 5B).
Overexpression of miR-423-5p also impaired the colony

formation ability of A2780cp cells (miR-423-5p vs. miR-NC:
157.3+7.8 vs. 256.7£10.9; decreased by 38.7%; Fig. 5D).
These results demonstrated the inhibitory role of miR-423-5p
regarding the colony formation of ovarian cancer cells.

Overexpression of miR-423-5p reduces the invasion ability of
ovarian cancer. Next, the present study investigated the role of
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miR-423-5p in cell invasion by performing a Matrigel®-based
invasion assay (Fig. 6). In the miR-423-5p-transfected A2780s
cells, the amount of invaded cells was reduced by 70.4%
(miR-423-5p vs. miR-NC: 60.7£9.2 vs. 198.0+8.2; Fig. 6A and
B). In A2780cp cells, ectopic expression of miR-423-5p also
significantly reduced cell invasion (miR-423-5p vs. miR-NC:
54.0+£7.4 vs. 171.0+£15.9; Fig. 6C and D). Collectively, the
present results further demonstrated the role of miR-423-5p in
inhibiting the invasion of ovarian cancer cells.

Discussion

Early detection has long been key to the successful treatment
of multiple life-threatening diseases, including ovarian cancer.
It has been reported that miR-141 and miR-200a/b/c are the
most significantly overexpressed miRs, whereas miR-199,
miR140, miR-145 and miR-125b are significantly downregu-
lated in ovarian cancer (26). Decreased miR-145 expression
was detected in serum of patients with malignant and benign
ovarian tumors compared with that in healthy controls, and
miR-145 may potentially serve as a biomarker for the detection
of ovarian cancer (27). The present study was the first to report
that miRNA-423-5p is downregulated in ovarian tissues and
plasma from ovarian cancer patients. miR-423-5p expression
in ovarian tissue and plasma was identified to be significantly
associated with metastasis and tumor progression of ovarian
cancer. Furthermore, miR-423-5p was indicated to function
as a tumor suppressor in ovarian cancer by inhibiting cell
proliferation, colony formation and invasion. Taken together,
the present results suggest that miRNA-423-5p functions as
a tumor suppressor in ovarian cancer and may potentially be
utilized as a negative diagnostic indicator.

Aberrant expression of miRNA-423-5p has been reported
in several cancer types. The plasma levels of miR-423-5p

were decreased in patients with colon cancer, but increased in
patients with inflammatory bowel disease (22). The sensitivity
of miR-423-5p in detecting colon cancer at the early stage
was determined as 88.89% and the plasma concentration of
miR-423-5p was increased in patients with clinical improve-
ment after the surgery (22). Secretory miR-423-5p was
upregulated in vitro and in vivo by sorafenib treatment and its
increase was correlated with the response to therapy in hepato-
carcinoma (21). Furthermore, in pancreatic cancer, miR-423-5p
was either downregulated or upregulated with a significant
inter-individual variation (28). However, miR-423-5p was
demonstrated to be overexpressed in glioma tissues and
corresponding glioma stem cells (29). In the present study, the
ovarian tissue and plasma miRNA-423-5p levels in ovarian
cancer patients were detected by RT-qPCR, and patients with
ovarian endometriosis served as control subjects. The results
indicated that the average miRNA-423-5p expression was
markedly lower in the ovarian tumor tissues and plasma of
ovarian cancer patients compared with that in the samples of
ovarian endometriosis patients. Subgroup analysis revealed
that the expression levels of miRNA-423-5p were lower in
the ovarian cancer tissue and plasma of patients with a higher
tumor stage or those with tumor metastasis. The heterogeneity
of miR-423-5p expression may be caused by the heterogeneity
of the tumor tissues. Collectively, these results demonstrated
that miR-423-5p is a potential diagnostic biomarker and an
indicator of tumor progression in ovarian cancer. In the future,
in order to analyze the receiver operator characteristic curves
for ovarian cancer diagnosis by plasma miRNA-423-5p, more
clinical samples should be collected for the determination of
miR-423-5p levels. Furthermore, the survival data of ovarian
cancer patients should be collected for exploring the correla-
tion between miR-423-5p expression and the clinical outcome
for ovarian cancer patients.
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Previous studies have demonstrated that in different tumor
types, miR-423-5p may have the opposite role to that in ovarian
cancer. In gastric cancer, miRNA-423-5p was reported to
participate in proliferation/invasion-associated processes via
negatively regulating the expression of trefoil factor 1, which
is a tumor suppressor gene, in the stomach (30). Furthermore,
miR-423-5p expression enhanced glioma cell proliferation,
angiogenesis and invasion via targeting inhibitor of growth
family member 4 and activating important signaling mole-
cules, including AKT and extracellular signal-regulated kinase
1/2 (31). In another study, miR-423-5p knockdown notably
enhanced the inhibitory effect of apigenin on the prolifera-
tion of glioma stem cells and the promotion of their apoptosis
through the mitochondrial pathway (29). However, hepatocel-
lular cancer cells transfected with miR-423-5p exhibited an
increase in the S-phase population of the cell cycle, paralleled
by a similar-size increase in autophagic cells (21). miR-423-5p
was indicated to be an inducer of apoptosis in cardiomyocytes
by targeting O-GlcNAc transferase (19). The present results
suggested that miR-423-5p functions as a tumor suppressor
in ovarian cancer according to its inhibitory role on cell
proliferation, colony formation and cell invasion. However, the
direct targets of miR-423-5p in ovarian cancer remain to be
elucidated and further in-depth research is required.

In conclusion, miR-423-5p in the tumor tissues and plasma
of ovarian cancer patients was indicated to be inversely
associated with metastasis and tumor progression. Therefore,
miRNA-423-5p may serve as an important molecular marker
for the diagnosis of ovarian cancer and an indicator of its
progression. In the future, the correlation between miR-423-5p
expression and the clinical outcome of ovarian cancer patients
should be further explored.
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