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MicroRNA-193a-5p exerts a tumor suppressive role
in epithelial ovarian cancer by modulating RBBP6
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Abstract. Epithelial ovarian cancer (EOC), a gynecological
tumor, is associated with high mortality. MicroRNAs (miRs)
serve a crucial role in EOC; however, the mechanisms
underlying the effect of miRNA-193a-5p in EOC are not
completely understood. Therefore, the present study aimed
to investigate the expression levels of miR-193a-5p in serum
samples of patients with EOC and to determine the role of
miR-193a-5p in EOC. Reverse transcription-quantitative PCR
was used to analyze the expression levels of miR-193a-5p in
serum samples of patients with EOC and EOC cell lines. The
effects of miR-193a-5p and RB binding protein 6, ubiquitin
ligase (RBBP6) on the biological functions of EOC were
determined by conducting a series of in vitro cell function
experiments. The results indicated that the expression levels
of miR-193a-5p were significantly decreased in serum samples
obtained from patients with EOC and EOC cell lines compared
with healthy individuals and normal cells, respectively.
Further investigations indicated that RBBP6 was a target
gene of miR-193a-5p. The expression levels of RBBP6 were
significantly increased in patients with EOC compared with
healthy individuals. In addition, in vitro analysis suggested
that miR-193a-5p mimic significantly decreased SKOV3 cell
proliferation, migration and invasion, and promoted SKOV3
cell apoptosis compared with the control and mimic-negative
control groups. In addition, RBBP6 overexpression reversed
miR-193a-5p mimic-mediated effects. In conclusion, the
results of the present study suggested that downregulated
expression levels of miR-193a-5p may serve an inhibitory role
in EOC by inhibiting cell proliferation and metastasis, and
promoting apoptosis.
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Introduction

Ovarian cancer is the most common cause of death among
patients with female genital tumors, and consists of a variety
of pathological types, of which the most common subtype is
epithelial ovarian cancer (EOC) (1,2). Due to the ovary being
located deep in the pelvic cavity, the early diagnosis of EOC
remains difficult, and currently, there is a lack of effective
screening methods; therefore, the majority of patients are diag-
nosed with EOC upon reaching the advanced stages (3-5). In
addition, ovarian cancer is prone to extensive pelvic, abdom-
inal and lymph node metastasis, resulting in EOC displaying
the highest mortality rate among tumors of the reproductive
system (6-8). Tumor initiation and development are affected
by numerous factors, including cell movement, the aberrant
expression of tumor suppressor genes or oncogenes, and the
abnormal regulation of migration (9,10). The current treat-
ment strategy for ovarian cancer is surgery supplemented with
platinum-based chemotherapy; however, despite the majority
of patients initially responding to treatment, a significant
proportion of patients eventually die from recurrence and
resistance (11,12). Therefore, investigation of the molecular
mechanisms underlying EOC to identify novel treatment
targets and improve the survival rate of patients with EOC is
required.

MicroRNAs (miRNAs/miRs) are non-coding, endogenous,
small single-stranded RNAs that are 20-24 nucleotides in
length, which regulate numerous basic biological processes
in vivo (13,14). Although miRNAs are non-coding RNAs,
by binding with the 3'-untranslated region (3'-UTR) of target
mRNAs, miRNAs promote mRNA cleavage or block mRNA
translation, thereby controlling the expression of certain
target proteins in cells (14,15). In addition, miRNAs also
serve important roles during the occurrence, development and
metastasis of tumors (16,17). Numerous studies have reported
the tumor-suppressive role of miR-193a-5p. For example,
miR-193a-5p inhibits HT-29 colon cancer cell metastasis (18).
Moreover, miR-193a-5p targeted SPARC (osteonectin), cwcv
and kazal like domains proteoglycan 1 to inhibit liver cancer
cell migration and proliferation, while promoting apop-
tosis (18). miR-193a-5p overexpression in vitro and in vivo
inhibited the formation of pulmonary metastases in non-small
cell lung cancer, as well as inhibiting cell migration, invasion
and epithelial-mesenchymal transition (19). Additionally,
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phosphoinositide-3-kinase regulatory subunit 3 (PIK3R3) and
mTOR were identified as direct target genes of miR-193a-5p,
thereby indicating that miR-193a-5p inhibited the AKT/mTOR
signaling pathway (19,20). However, to the best of our knowl-
edge, the role of miR-193a-5p in EOC has not been previously
reported. Therefore, the aim of the present study was to
investigate the expression levels of miR-193a-5p in serum
samples from patients with EOC and to determine the role of
miR-193a-5p in EOC.

Materials and methods

Clinical sample collection. A total of 60 blood samples
were collected from 30 female patients with EOC (age,
41.33+3.01 years) and 30 female healthy individuals (age,
43.21+2.47 years) who attended Beijing Ditan Hospital
Capital Medical University (Beijing, China) between January
2018 and July 2019. The present study was approved by the
Ethics Committee of Beijing Ditan Hospital Capital Medical
University. Written informed consent was obtained from all
participants. The blood samples were left standing at 4°C for
1 h, then centrifuged at 3,000 x g at 4°C for 5 min to obtain the
serum samples.

Cell culture and transfection. EOC cell lines (SKOV3, A2780,
HEY, OVCAR3 and Es2) and the normal cell line IOSE386
were purchased from the American Type Culture Collection.
Cells were cultured in RPMI-1640 (Invitrogen; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (HyClone;
Cytiva) and 100 U/ml penicillin and 100 pg/ml streptomycin
(Hyclone; Cytiva), and maintained in a humidified atmosphere
of 5% CO, at 37°C.

After 6 h starvation, SKOV3 cells were cultured in 6-well
plates to 70-80% confluence and transfected with miR-negative
control (NC) mimic (100 nM; 5'-UUCUCCGAACGUGUCAC
GUTT-3"; Guangzhou RiboBio Co., Ltd.) or miR-193a-5p
mimic (50 nM; 5'- UGGGUCUUUGCGGGCGAGAUGA -3,
Guangzhou RiboBio Co., Ltd.). The pcDNA3.1 RBBP6 over-
expression vector (oe-RBBP6; 100 nM; Guangzhou RiboBio
Co., Ltd.) or an empty pcDNA3.1 vector (oe-NC; 100 nM,;
Guangzhou RiboBio Co., Ltd.) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Following trans-
fection for 48 h in a humidified atmosphere of 5% CO, at 37°C,
cells were harvested for use in subsequent experiments.

Dual-luciferase reporter assay. To determine the targets
of miR-193a-5p, TargetScan (http://www.targetscan.
org/mamm_31) was used to predict the target gene of RBBP6.
Subsequently, a dual-luciferase reporter assay was performed
to verify the findings. Briefly, SKOV3 cells (4x10%) were
seeded into 24-well plates and cultured for 24 h in a humidified
atmosphere of 5% CO, at 37°C. A total of 4x10* cells/well were
plated into 60-mm cell culture dishes and cultured for 24 h
until reaching 60-80% confluence. The putative miR-193a-5p
binding site in the 3'-UTR of RBBP6 [wild-type (WT) or
mutant (MUT)] was cloned into psi-CHECK (Promega
Corporation) downstream of the firefly luciferase 3'-UTR.
The psi-CHECK vector also provided Renilla lucif-
erase as the normalization signal. Subsequently, 100 ng
psi-CHECK-RBBP6-WT or psi-CHECK-RBBP6-MUT

luciferase plasmids were co-transfected into SKOV3 cells
alongside 100 nM miR-193a-5p mimic or mimic-NC using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). Following incubation for 24 h at 37°C, luciferase activi-
ties were detected using a Dual-Luciferase Reporter Assay
system (Promega Corporation). Firefly luciferase activities
were normalized to Renilla luciferase activities.

Cell Counting Kit-8 (CCK-8) assay. SKOV3 cells were plated
(3x10° cells/ml/well) into 96-well plates and separated into
two groups: i) Mimic-NC group and ii) miR-193a-5p mimic
group. To assess cell proliferation, 10 ul CCK-8 solution was
added to each well and incubated for 2 h at 37°C. The absor-
bance of each well was measured at a wavelength of 450 nm
using a microplate reader.

Colony formation assay. SKOV3 cells were plated
(3x10° cells/well) into 6-well plates and incubated at 37°C with
5% CO, for 8-16 days. Following incubation, cells were fixed
with 75% methanol for 30 min and stained with 0.5% crystal
violet for 15 min, both at 37°C. Stained cells were visual-
ized using an IX51 optical microscope (magnification, x10;
Olympus Corporation) to calculate the number of cell colonies
(>50 cells) formed.

Wound healing assay and Transwell assay for determining
of cell migration and invasion, respectively. Cell migra-
tion and invasion were measured by performing a wound
healing and Transwell assay, respectively, as previously
described (21).

For the wound healing assay, 5x10° SKOV3 cells/well were
plated into six-well plates and cultured until 100% confluence
in DMEM supplemented with 10% FBS at 37°C. Subsequently,
the monolayer of cells was scratched with a 200-ul sterile
pipette tip and the cells were incubated in serum-free DMEM
for 24 h at 37°C. The migratory distance of the cells was
observed under a light microscope (magnification, x200;
Olympus Corporation) and analyzed using ImageJ version 1.49
software (National Institutes of Health).

For the cell invasion assay, the upper chambers of Transwell
plates (BD Biosciences) were precoated with Matrigel
(BD Biosciences) at 37°C for 2 h, then cells (5x10° cells/ml)
were seeded into the upper chambers in serum-free DMEM
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with
2.5% FBS was plated into the lower chambers. Following
culture for 24 h at 37°C, cells on the upper surface of the
Transwell membrane were removed with a cotton swab. Cells
on the lower surface of the Transwell membrane were washed
with PBS and fixed with 4% paraformaldehyde at room
temperature for 30 min. Subsequently, the paraformaldehyde
was discarded, and cells were stained with 0.1% crystal violet
at room temperature for 15 min, prior to being observed in
five fields of view using a microscope (Olympus Corporation;
magnification, x200). The total number of cells in each field of
view was recorded and the mean number of cells was calcu-
lated.

TUNEL assay. SKOV3 cells (3x10° cells/well) were fixed in
4% formaldehyde at room temperature for 10 min and washed
with PBS buffer solution twice. SKOV3 cell apoptosis was
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investigated using a TUNEL assay kit (cat. no. ab206386;
Abcam), according to the manufacturer's protocol.
TUNEL-positive cells presented with yellow nuclei following
visualization using a fluorescence microscope (Nikon
Eclipse 80i; Nikon Corporation; magnification, x200) in
five randomly selected fields of view.

Western blotting. Total protein was extracted from SKOV3 cells
using RIPA lysis buffer (Beyotime Institute of Biotechnology)
at 4°C for 1 h. Total protein was quantified using a Pierce™
BCA Protein assay kit (Thermo Fisher Scientific, Inc.) and
protein (30 pg/lane) was separated via 10% SDS-PAGE
and transferred onto PVDF membranes. The membranes
were blocked with 5% skim milk in TBS-0.05% Tween-20
(TBST) for 1 h at room temperature. Subsequently, the
membranes were incubated overnight with the following
primary antibodies in blocking buffer at 4°C: Bcl2 (1:1,000;
cat. no. ab182858; Abcam), Bax (1:1,000; cat. no. ab32503;
Abcam), cleaved-caspase 3 (1:1,000; cat. no. ab49822;
Abcam), cleaved-caspase 7 (1:1,000; cat. no. ab32042;
Abcam), cleaved-caspase 9 (1:1,000; cat. no. ab2324;
Abcam), RBBP6 (1:1,000; cat. no. ab237514; Abcam), Ki67
(1:1,000; cat. no. ab15580; Abcam), proliferating cell nuclear
antigen (PCNA; 1:1,000; cat. no. 13110; Cell Signaling
Technology, Inc.), matrix metallopeptidase (MMP)-2 (1:1,000;
cat. no. 40994; Cell Signaling Technology, Inc.), MMP-9
(1:1,000; cat. no. 13667; Cell Signaling Technology, Inc.)
and GAPDH (1:2,000; cat. no. ab181602; Abcam). Following
primary incubation, the membranes were washed with TBST
and incubated with a horseradish peroxidase-conjugated
secondary antibody (1:10,000; cat. no. ab205718; Abcam) for
2 h at room temperature. Proteins bands were visualized using
an ECL reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
Densitometric analysis was performed using ImageJ software
(version 1.49v; National Institutes of Health).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from serum samples and SKOV3 cells
with TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). Total RNA was reverse transcribed using RevertAid
reverse transcriptase (Invitrogen; Thermo Fisher Scientific,
Inc.) at 42°C for 1 h, according to the manufacturer's protocol.
gPCR was performed using the LightCycler 480 SYBR
Green I Master kit (Roche Diagnostics) on a LightCycler 480 I1
(Roche Diagnostics). The following thermocycling conditions
were used for qPCR: Initial denaturation at 95°C for 5 min;
followed by 45 cycles of amplification, including denaturation
at 94°C for 10 sec, annealing at 60°C for 20 sec and a final
extension at 72°C for 30 sec. The following primers were used
for gPCR: miR-193a-5p forward, 5'-ACACTCCAGCTGGGTG
GGTCTTTGCGGGCG-3' and reverse, 5-TGGTGTCGTGGA
GTCG-3'; RBBP6 forward, 5'-CTCCCCATACACTTCCT
CTCC-3' and reverse, 5" TTCTTTTAGTCGTCGCTGCTC-3";
GAPDH forward, 5'-GAGCCATGAGGGAGGCTG-3' and
reverse, 5S'-CAGTTGAATCAGATGGATCC-3"; and U6
forward, 5'-ATCGTCCGTGATCAGCGT-3' and reverse,
5-GCAGGTGGTCGGTCGA-3". miRNA and mRNA expres-
sion levels were quantified using the 2724 method and
normalized to the internal reference genes U6 and GAPDH,
respectively (22).

MOLECULAR MEDICINE REPORTS 24: 582, 2021 3

Statistical analysis. Statistical analyses were performed using
SPSS software (version 18.0; SPSS, Inc.). Data are presented
as the mean + SD. Statistical differences among groups were
determined using a one-way ANOVA followed by a Tukey's
or Dunnett's post hoc test. P<0.05 was considered to indicate
a statistically significant difference. All experiments were
repeated at least three times.

Results

miR-193a-5p is abnormally expressed in EOC. The expres-
sion levels of miR-193a-5p in 30 serum samples obtained from
patients with EOC were significantly decreased compared with
serum samples obtained from healthy individuals (Fig. 1A). To
investigate the effects of miR-193a-5p, the expression levels
of miR-193a-5p were analyzed in EOC cells. The results indi-
cated that miR-193a-5p expression levels were decreased in
EOC cells compared with normal cells (Fig. 1B).

miR-193a-5p regulates EOC cell progression.miR-193a-5p mimic
significantly increased the expression levels of miR-193a-5p in
SKOV3 cells compared with the control and mimic-NC groups
(Fig. 1C).In addition, the CCK-8 assay indicated that miR-193a-5p
overexpression significantly decreased SKOV3 cell proliferation
compared with the control and mimic-NC groups (Fig. 1D).
Moreover, the colony formation assay indicated that miR-193a-5p
overexpression notably decreased SKOV3 colony formation
compared with the control and mimic-NC groups (Fig. 1E).
Furthermore, miR-193a-5p overexpression significantly decreased
the expression levels of proliferation-related proteins, PCNA and
Ki67, compared with the control and mimic-NC groups, which
also suggested that miR-193a-5p regulated EOC cell proliferation
(Fig. 1F). Similarly, miR-193a-5p overexpression significantly
inhibited SKOV3 cell migration compared with the control and
mimic-NC groups, as indicated by the Transwell and wound
healing assays (Fig. 2A-D). Moreover, miR-193a-5p overexpres-
sion significantly decreased the expression levels of MMP2
and MMP9 compared with the control and mimic-NC groups
(Fig. 2E), suggesting that miR-193a-5p may potentially modu-
late cell migration. Furthermore, the effects of miR-193a-5p on
SKOV3 cell apoptosis were analyzed by performing a TUNEL
assay and western blotting. The TUNEL assay indicated that
miR-193a-5p overexpression notably increased SKOV3 cell apop-
tosis compared with the control and mimic-NC groups (Fig. 3A).
Furthermore, the expression levels of proapoptotic proteins,
Bax, cleaved caspase-3, -7 and -9, were significantly increased
in the miR-193a-5p mimic group compared with the control
and mimic-NC group. By contrast, miR-193a-5p overexpression
significantly decreased the expression levels of the antiapoptotic
protein Bcl2 compared with the control and mimic-NC groups
(Fig. 3B).

RBBP6 is a target gene of miR-193a-5p. RBBP6 was
predicted as the target gene of miR-193a-5p using TargetScan.
Subsequently, a dual-luciferase reporter assay was performed
to verify RBBPO as a target gene of miR-193a-5p. The reporter
vector containing RBBP6-WT exhibited markedly decreased
luciferase activity in SKOV3 cells co-transfected with the
miR-193a-5p mimic compared with cells co-transfected
with the miR-193a-5p NC (Fig. 4A). However, the statistical
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Figure 1. Expression of miR-193a-5p in EOC. miR-193a-5p expression levels in (A) serum samples obtained from patients with EOC and (B) EOC cell lines.
(C) Transfection efficiency of miR-193a-5p mimic. (D) Cell Counting Kit-8 and (E) colony formation assays were performed to investigate the effect of
miR-193a-5p overexpression on cell proliferation. Magnification, x10. (F) Protein expression levels of proliferation-related proteins (PCNA and Ki67). “P<0.01
and ""P<0.001 vs. control or IOSE386. 7P<0.01 and "*P<0.001 vs. mimic-NC. miR, microRNA; EOC, epithelial ovarian cancer; PCNA, proliferating cell
nuclear antigen; NC, negative control.
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Figure 2. miR-193a-5p regulates SKOV3 cell migration and invasion. Cell migration was (A) determined by performing the wound healing assay (magnifica-
tion, x200) and (B) quantified. Cell migration was also (C) assessed by performing the Transwell assay (magnification, x200) and (D) quantified. (E) Western
blotting was performed to assess the expression levels of MMP2 and MMP9. ““P<0.001 vs. control; *#P<0.001 vs. mimic-NC. miR, microRNA; MMP, matrix
metallopeptidase; NC, negative control.
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Figure 3. miR-193a-5p regulates SKOV3 cell apoptosis. (A) The TUNEL assay was performed to assess the effect of miR-193a-5p on SKOV3 cell apoptosis.
Magnification, x400. (B) Western blotting was performed to investigate the expression of apoptosis-related proteins. ““P<0.001 vs. control; #*P<0.001 vs.
mimic-NC. miR, microRNA; NC, negative control.
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Figure 4. RBBP6 is a target gene of miR-193a-5p. (A) The dual-luciferase reporter assay was performed to verify that RBBP6 was a target gene of miR-193a-5p.
(B) mRNA expression levels of RBBP6 in serum samples obtained from patients with EOC. (C) Protein and (D) mRNA expression levels of RBBP6 in
epithelial ovarian cancer cell lines. Effect of miR-193a-5p overexpression on (E) protein and (F) mRNA expression levels of RBBP6. ‘P<0.05, “P<0.01 and
“"P<0.001 vs. control or IOSE386; P<0.01 and ""P<0.001 vs. mimic-NC. RBBP6, RB binding protein 6, ubiquitin ligase; miR, microRNA; NC, negative
control; WT, wild-type; MUT, mutant; luc, luciferase; R, Renilla.
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Figure 5. RBBP6 overexpression reverses miR-193a-5p mimic-mediated effects in SKOV3 cells. (A) Transfection efficiency of RBBP6 overexpression. (B) Cell
Counting Kit-8 and (C) colony formation assays were performed to investigate cell proliferation. Magnification, x10. (D) Western blotting was performed to investi-
gate the expression of proliferation-related proteins (PCNA and Ki67). "P<0.05 and ““P<0.001 vs. control; "P<0.01 and "*P<0.001 vs. miR-193a-5p mimic + Oe-NC.
RBBP6, RB binding protein 6, ubiquitin ligase; miR, microRNA; PCNA, proliferating cell nuclear antigen; Oe, overexpression; NC, negative control.

difference between cells co-transfected with the miR-193a-5p
mimic or miR-193a-5p NC and MUT reporters was not signifi-
cant. Taken together, these results showed that RBBP6 was the
direct target gene of miR-193a-5p. The mRNA expression levels
of RBBP6 in serum samples obtained from patients with EOC
were significantly increased compared with blood samples
obtained from healthy individuals (Fig. 4B). Furthermore, the
protein and mRNA expression levels of RBBP6 in EOC cell
lines were significantly increased compared with IOSE386
cells (Fig. 4C and D). In addition, RBBP6 expression levels
were significantly decreased in the miR-193a-5p mimic
group compared with the control and mimic-NC groups
(Fig. 4E and F).

miR-193a-5p exerts antitumor effects following RBBP6
overexpression. Subsequently, the RBBP6 overexpres-
sion vector was transfected into SKOV3 cells to determine
whether RBBP6 served a role in the effects of miR-193a-5p
on cell proliferation, migration and apoptosis. The transfec-
tion efficacy of RBBP6 overexpression in SKOV3 cells was
determined via RT-qPCR (Fig. 5A). RBBP6 overexpression
partially reversed miR-193a-5p mimic-mediated effects on
cell proliferation (Fig. 5B-D), migration (Fig. 6A-C) and

apoptosis (Fig. 7A and B). Collectively, the results suggested
that miR-193a-5p may inhibit cell proliferation, migration and
apoptosis by regulating RBBP6.

Discussion

The poor prognosis of ovarian cancer is associated with the
fact that the majority of patients with EOC are diagnosed at an
advanced stage; therefore, the early diagnosis of ovarian cancer
may aid with controlling disease progression and reducing
mortality rates (23). miRNAs affect tumor cell proliferation
and apoptosis by regulating cytokines (24,25). For example,
miR-193a-5p expression levels are downregulated in numerous
types of cancer, including colon cancer, non-small cell lung
cancer, human endometrioid endometrial adenocarcinoma
and prostate cancer, which has been reported to be associ-
ated with tumor progression (18-20,26,27). A previous study
also reported an improvement to membranous nephropathy
following miR-193a inhibition, which affected podocytosis by
targeting WTI transcription factor (WT1) (28). Jin et al (29)
demonstrated that miR-193a-5p exerted a tumor-suppressive
role in glioblastoma via modulating NOVA alternative splicing
regulator 1. In addition, Shirafkan er al (18) identified that
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Figure 6. miR-193a-5p-mediated regulation of SKOV3 cell migration and invasion is mediated by RBBP6 overexpression. (A) Wound healing and (B) Transwell
assays were conducted to assess cell migration and invasion, respectively. Magnification, x200. (C) Western blotting was performed to assess the expression
levels of MMP2 and MMP9. ‘P<0.05, “P<0.01 and “"P<0.001 vs. control; “P<0.05 and **P<0.001 vs. miR-193a-5p mimic + Oe-NC. miR, microRNA; RBBP6,
RB binding protein 6, ubiquitin ligase; MMP, matrix metallopeptidase; Oe, overexpression; NC, negative control. Magnification, x200.
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Figure 7. miR-193a-5p-mediated regulation of SKOV3 cell apoptosis is mediated by RBBP6 overexpression. (A) The TUNEL assay was performed to assess
the effect of miR-193a-5p and RBBP6 on SKOV3 cell apoptosis. Magnification, x400. (B) Western blotting was performed to investigate the expression of
apoptosis-related proteins. "P<0.05, “P<0.01 and ““P<0.001 vs. control; “P<0.05 and *P<0.01 vs. miR-193a-5p mimic + Oe-NC. miR, microRNA; RBBP6, RB
binding protein 6, ubiquitin ligase; Oe, overexpression; NC, negative control.
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miR-193a-5p inhibited human HT-29 colon cancer cell migra-
tion by suppressing the metastatic pathway. miR-193a-5p
also suppressed human non-small-cell lung cancer metas-
tasis by downregulating the erb-b2 receptor tyrosine
kinase 4/PIK3R3/mTOR/ribosomal protein S6 kinase B2
signaling pathway (20). In human endometrioid endometrial
carcinoma, a novel miR-193a-5p-Y Y1 transcription factor-
APC regulator of WNT signaling pathway regulatory axis
was identified (26). By contrast, miR-193a-5p knockdown
increased the chemosensitivity of prostate cancer cells to
docetaxel (30). Furthermore, miR-193a downregulation
contributes to non-small cell lung cancer metastasis by
targeting the WT1/E-cadherin axis (31).

miRNAs serve a role in cells and other parts of the body
via circulating in peripheral blood and other body fluids (32).
Previous studies have demonstrated that serum and plasma
miRNAs may serve as non-invasive biomarkers due to
their availability and long-term stability (33-35); therefore,
miRNAs may be used for the early diagnosis of various types
of cancer (36). miR-193a-3p is associated with cancer. For
example, miR-193a-3p overexpression in esophageal squamous
cell carcinoma regulates cancer cell proliferation, migration and
apoptosis. Lin et al (37) demonstrated that the expression level of
miR-193a-5p was negatively correlated with metastasis and poor
prognosis in patients with esophageal squamous cell carcinoma.
The serum expression level of miR-193a-5p can reflect the expres-
sion level of miR-193a-5p in tissues and cells; therefore, serum
miR-193a-5p expression levels can be used as a noninvasive
diagnostic indicator for the prognosis of esophageal cancer (37).
The present study indicated that miR-193a-5p expression levels
were significantly decreased in serum samples obtained from
patients with EOC and EOC cell lines compared with serum
samples obtained from healthy individuals and normal cells,
respectively. The results also suggested a potential diagnostic
value and molecular mechanism underlying miR-193a-5p in
EOC. Further investigations predicted that RBBP6 was a target
gene of miR-193a-5p. RBBP6 has been reported to be associated
with various types of cancer. For example, Yoshitake et al (38)
reported that RBBP6 expression levels were significantly
upregulated in invasive esophageal cancer, suggesting that
RBBP6 may promote tumor cell proliferation and may serve
as a promising target for immunotherapy. In addition, RBBP6
knockdown in breast cancer cells significantly inhibited cell
proliferation (39). Similarly, the increased expression levels of
RBBP6 reported in lung cancer tissues suggested that RBBP6
may be involved in promoting malignancy in lung tissues,
and inhibition of RBBP6 target genes may render cancer cells
sensitive to apoptosis (40). RBBP6 has also been identified as a
potential marker of apoptosis and cell cycle arrest in cervical
cancer (41). The present study demonstrated that the expression
levels of RBBP6 were significantly increased in patients with
EOC compared with healthy individuals. Moreover, in vitro
analysis indicated that miR-193a-5p mimic significantly
decreased SKOV3 cell viability, migration and invasion, but
promoted SKOV3 cell apoptosis compared with the control and
mimic-NC groups. However, RBBP6 overexpression reversed
miR-193a-5p overexpression-mediated effects.

In conclusion, the results of the present study suggested
that upregulated expression levels of miR-193a-5p may serve
an inhibitory role in EOC via inhibiting cell proliferation and

migration, and promoting apoptosis. Moreover, the effects of
miR-193a-5p may be partly mediated by RBBP6. Collectively,
the results indicated that miR-193a-5p may serve as a potential
therapeutic target for EOC.
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