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Abstract. MicroRNAs (miRNAs/miRs) are small noncoding 
RNAs 19‑24 nucleotides in length, which can play an impor-
tant role in tumor development. However, the influence of 
miRNAs on the tumorigenicity of ovarian cancer cells has not 
been fully elucidated. Previously, DEAD box protein (DDX) 
1 has been shown to play a role in tumor suppression of 
ovarian cancer progression. However, the functions of other 
DDX members in ovarian cancer development remain largely 
unknown. In the present study, it was demonstrated that 
overexpression of miR‑196a promoted ovarian cancer cell 
proliferation. In addition, DDX3 was significantly downregu-
lated in ovarian cancer cell lines relative to the normal ovarian 
cell line. Moreover, DDX3 was identified as a direct target of 
miR‑196a in ovarian cancer cells. In addition, a preliminary 
mechanistic investigation indicated that downregulation of 
DDX3 promoted ovarian cancer cell proliferation through the 
PTEN/PI3K/AKT pathway. Taken together, this confirmed an 
association between DDX3 and miR‑196a in ovarian cancer, 
and showed that miR‑196a promoted the proliferation of 
ovarian cancer cells and attenuated apoptosis by downregu-
lating the expression of DDX3 through the PTEN/PI3K/AKT 
pathway. Overall, the results of the present study suggested that 
DDX3 could be a novel target for ovarian cancer treatment.

Introduction

Ovarian cancer is one of the most common types of gyne-
cologic cancer, resulting in the mortality of hundreds of 
thousands of women every year worldwide. Ovarian cancer is 
the seventh most common cause of cancer‑associated mortality 
in women (1). Emerging evidence has supported the incessant 
ovulation theory as the mechanism underlying ovarian cancer; 
this theory suggests that recurrent ovulation‑induced repair of 
the ovarian surface epithelium raises the likelihood of DNA 
damage and carcinogenesis, and thereby increases the risk of 
developing ovarian cancer (2,3). Over the past decade, optimal 
resection, chemotherapy and combination therapy have evolved 
as ovarian cancer treatments to substantially improve patient 
outcomes and 5‑year survival rates  (4). Nevertheless, the 
overall patient outcome is far from ideal; thus, there remains a 
need for revolutionary new treatments of ovarian cancer. One 
strategy for identifying novel treatment targets and developing 
treatments involves elucidating the regulatory molecular 
mechanisms and key signaling pathways that underlie tumor 
growth and metastasis in ovarian cancer.

MicroRNAs (miRNAs/miRs) are small noncoding endog-
enous RNAs that mediate expression of their target gene via 
genetic transcription or mRNA cleavage (5). Although the 
precise regulatory mechanisms of miRNAs have not been fully 
elucidated, they are known to function in various biological 
processes, including cell proliferation, differentiation, morpho-
genesis and apoptosis (6). Previously, the abnormal expression 
of miRNAs has been associated with carcinogenesis and 
tumor development in human cancers (7‑9). Thus, miRNAs 
are speculated to function as oncogenes or tumor suppressors, 
depending on their functional targets; consequently, they have 
great therapeutic potential as cancer treatment targets.

Previous studies have indicated that miR‑196a plays a 
critical role in cell proliferation and tumor progression. For 
example, overexpression of miR‑196a has been shown to 
accelerate cell differentiation of osteoporosis in a mouse 
model through regulation of the GNAS‑Hedgehog signaling 
pathway (10). In addition, Ren et al (11), demonstrated that 
inhibition of miR‑196a attenuated cell proliferation and 
glycolysis, but elicited apoptosis, in hepatocellular carcinoma 
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by targeting suppressor of cytokine signaling 2. Furthermore, 
high levels of miR‑196a expression have been found to be 
related to poor survival in patients with ovarian cancer; thus, 
it is a potential biomarker for the clinical prognosis of ovarian 
carcinoma (12,13). A preliminarily evaluation of the regula-
tory mechanisms of miR‑196a in ovarian cancer suggested 
that miR‑196a may act as an oncogene to promote migration 
and invasion through the downstream target gene homeobox 
A10 (HOXA10) (14). Despite these findings, the regulatory 
mechanisms of miR‑196a in ovarian cancer are yet to be fully 
elucidated.

DEAD box protein RNA helicase 3 (DDX3) belongs to 
the DDX protein family, which is highly conserved in all 
eukaryotes. DDX3 has attracted increasing attention in cancer 
research due to its critical function in cancer progression. For 
example, the downregulation of DDX3 was shown to increase 
cell metastasis in colorectal cancer (15), whereas the activa-
tion of DDX3 promoted cell proliferation in breast epithelial 
cells (16); thus, the role of DDX3 in cancer progression is 
complex. In preliminary bioinformatics analysis, the target 
prediction software DIANA was used to determine the poten-
tial targets of miR‑196a: DDX3 was found to be a direct target 
of miR‑196a. Therefore, the relationship between miR‑196a 
and DDX3 may be important in the regulation of ovarian 
cancer development.
In the present study, this relationship was further investigated. 
It was revealed that upregulation of miR‑196a in ovarian 
cancer promoted cell proliferation but inhibited apoptosis. It 
was also demonstrated that miR‑196a may have an important 
regulatory role in ovarian cancer progression by targeting 
DDX3 through regulation of the PTEN/PI3K/AKT signaling 
pathway. Together, these findings suggested that miR‑196a 
and DDX3 might be potential targets for future treatments of 
ovarian cancer.

Materials and methods

Clinical samples and cell lines. Ovarian cancer samples 
and matched normal tissue samples were collected from 
30 patients (median age 50, range 30‑69 years) with ovarian 
cancer who were treated at The Second Affiliated Hospital 
of Soochow University (Suzhou, China) between January 
2018 and July 2019. The inclusion criteria was as follows: 
Age 18‑80; newly diagnosed with epithelial carcinoma of the 
ovary, which was histologically or pathologically confirmed; 
no prednisone use within 14 days of sampling; no previous 
chemotherapy or radiotherapy; no concurrent diseases. The 
patients had not received chemoradiotherapy before samples 
were collected and all ovarian cancer tissue samples were 
dissected from resected tumors. Written informed consent 
was obtained from all patients, and the present study 
was approved by the Institutional Ethics Committee and 
Academic Committee of The Second Affiliated Hospital of 
Soochow University.

The ovarian cancer cell lines OVCAR3, CAOV‑3, A2780 
and ES‑2, along with the immortalized ovarian epithelial cell 
line HS832, were obtained from ATCC. Cells were cultured 
in DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing 
10% fetal calf serum (HyClone; GE Healthcare Life Sciences) 
at 37˚C and 5% CO2. In order to elucidate the regulatory 

mechanisms of the interaction between miR‑196a and DDX3, 
OVCAR3 ovarian cancer cells were treated with LY294002 
(10 µM; cat. no. 19‑142; Sigma‑Aldrich; Merck KGaA) or 
DMSO for 6 h, and then the following methods were used to 
determine cell proliferation and apoptosis in OVCAR3 ovarian 
cancer cells treated with LY294002.

Cell transfection. miR‑196a mimic (5'‑GCTCTGGCT 
CCGTGTCTTCACTCCC‑3'), miR‑negative control (NC) 
mimic (5'‑UUCUCCGAACGUGUCACGUTT‑3'), miR‑196a 
inhibitor (5'‑GGGAGTGAAGACACGGAGCCAGAGC‑3') 
and miR‑NC inhibitor (5'‑CAGUACUUUUGUGUA 
GUACAA‑3') were provided by Shanghai Sangon Biotech 
Corporation. The miRNAs (50  nM) were mixed with 
Lipofectamine® 2000 reagent (GE Healthcare Life 
Sciences) and were incubated for 15 min at room tempera-
ture. Subsequently, the sequences were transfected into 
OVCAR3 and CAOV‑3 cells plated at 1x105 cells/well in 
6‑well plates. Cells were collected for analysis 48 h after 
transfection.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA from tissues and cell lines was extracted with TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol, and RNAs were reverse 
transcribed into cDNA at 42˚C for 1 h, then 90˚C for 5 min, 
using a TaqMan microRNA RT kit (Invitrogen; Thermo 
Fisher Scientific, Inc.). To determine the relative expression 
levels of targeted genes, RT‑qPCR was performed using a 
SYBR-Green PCR kit (Invitrogen; Thermo Fisher Scientific, 
Inc.) on a real‑time PCR system (Bio‑Rad Laboratories, 
Inc.). The primer sequences were as follows: miR‑196a, 
forward (F) 5'‑GCTCTGGCTCCGTGTCTTCACTCCC‑3', 
reverse (R) 5'‑TGCCCCAGCACAGCCCCCGTCCCTC‑3'; 
DDX3, F 5'‑CGGCAGCATCAAATGTTTCAG‑3', R 5'‑AAC 
T G G CAG GTAGAA G G CAAC  T C‑3 ';  GA PDH,  F 
5'‑AATGGGCAGCCGTTAGGAAA‑3', R 5' TGAAGG 
GGTCATTGATGGCA‑3'; and U6, F 5'‑CTCGCTTCG 
GCAGCACATATA‑3' and R 5' ACGCTTCACGAATTT 
GAGTGTC‑3'. The PCR thermocycling conditions were as 
follows: Initial denaturation at 95˚C for 2 min, and 40 cycles 
of 95˚C for 10 sec and 60˚C for 1 min. miR‑196a and DDX3 
mRNA levels were quantified using the 2‑ΔΔCq method and 
normalized to the internal reference gene U6 or GAPDH, 
respectively (17). 

Plasmid and short hairpin RNA (shRNA) transfection. 
OVCAR3 and CAOV‑3 cells were plated into a 6‑well plate 
(1x105 cells/well), cultured overnight, and were then transfected 
with 50 nM corresponding vectors using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's instructions. The shRNA targeting DDX3 
(shDDX3), control shRNA (shCtrl), pcDNA‑DDX3 and the 
control plasmid pcDNA3.1 were provided by Novogene Co., 
Ltd. The sequences of the targeted genes were as follows: 
shDDX3, F 5'‑AACCCACCACAGCUAGAACTT‑3', R 5'‑AAG 
UUCUAGCUGUGGUGGGTT‑3'; shCtrl, F 5' UUCUCC 
GAACGUGUCACGUTT‑3', R 5' ACGUGACACGUU 
CGGAGAATT‑3'; and pcDNA‑DDX3, F 5' GAAGCT 
ACTAGAGGTTTCTAC‑3' and R 5' TCTCAACATCAC 
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TGAAACTTTC‑3'. Analyses were performed 48 h after transfec-
tion and replicated three times to produce the experimental data.

MTT assays. OVCAR3 and CAOV‑3 cells were added to a 
96‑well dish at 1x103 cells/well and were then transfected with 
50 nM miR‑196 mimic, miR‑NC mimic, miR‑196 inhibitor, 
miR‑NC inhibitor, pcDNA‑DDX3, pcDNA‑3.1, shDDX3 or 
shCtrl. Subsequently, 10 µl MTT solution was added to each 
well at 0, 24, 48, 72 and 96 h. The supernatant was discarded 
after 4 h of incubation at 37˚C and then 100 µl DMSO was 
added to each well to dissolve the formazan. The absorbance at 
570 nm was determined using an enzyme‑labeling instrument 
(EL808; BioTek Instruments, Inc.).

Cell proliferation assay. Cell proliferation assays were 
performed using a cell proliferation colorimetric ELISA‑BrdU 
kit (Roche Diagnostics), according to the manufacturer's 
protocol. Briefly, OVCAR3 and CAOV‑3 cells were cultured in 
a 96‑well plate at a density of 1x103 cells/well. Overnight, the 
cells were transfected with 50 nM miR‑196 mimic, miR‑NC 
mimic, miR‑196 inhibitor, miR‑NC inhibitor, pcDNA‑DDX3, 
pcDNA‑3.1, shDDX3 or shCtrl at 37˚C. After 24 h of incuba-
tion, cell proliferation was analyzed.

Apoptosis analysis. Cell apoptosis assays were conducted 
via flow cytometry using an Annexin V-FITC Apoptosis 
Detection kit (Beyotime Institute of Biotechnology). Briefly, 
the OVCAR3 and CAOV‑3 cells were seeded into 6‑well plates 
at a density of 1x105 cells/well. After transfection, cells were 
collected using trypsin diluted in PBS and the supernatant was 
removed. Subsequently, Annexin-V/FITC (5 µl) and propidium 
iodide (10 µl) were added to cells, and incubated for 15 min 
at room temperature in the dark. The percentage of apoptotic 
cells was analyzed within 1 h using a FACSCalibur flow 
cytometer (BD Biosciences) and BD CellQuestTM software 
(v5; BD Biosciences). The Q3 data reflected the apoptotic rate 
in this study.

Luciferase reporter assay. Using the online tool DIANA (v8; 
DIANA FEA BV), DDX3 was considered to be a putative 
target gene of miR‑196a. For generation of the DDX3 lucif-
erase reporter plasmid, the 3'‑untranslated region (3'‑UTR) 
containing the miR‑196a binding site or mutant site was cloned 
into pmirGLO luciferase vectors (Promega Corporation). 
Subsequently, 1x106 OVCAR3 cells were co‑transfected with 
2 ϻg constructed luciferase vectors accompanied with miR-
196a mimic or miR‑NC mimic (50 nM) by Lipofectamine® 

2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Renilla 
plasmid (hRluc‑neo) was used as an internal control. Cells 
were collected and lysed after 48 h of transfection. The fluo-
rescence activity was detected using the luciferase reporter 
assay system (Promega Corporation), according to the 
manufacturer's instructions. The firefly luciferase activity was 
normalized to Renilla luciferase activity.

Western blotting. In the present study, western blot analysis 
was conducted according to the methods detailed below. Total 
proteins were extracted from OVCAR3 cells using a Protein 
Isolation kit (Tiangen Biotech Co., Ltd.), and the protein concen-
trations were quantified using a Pierce bicinchoninic acid 

assay (Pierce; Thermo Fisher Scientific, Inc.). Equal amounts 
of protein samples (40 µg) were separated by SDS‑PAGE on a 
10% gel before being transferred to a PVDF membrane (EMD 
Millipore) and blocked with 5% skimmed milk at 25˚C for 1 h. 
After blocking, the proteins were incubated with the following 
primary antibodies overnight at 4˚C, and then probed with the 
secondary antibody at 37˚C for 1 h. The antibodies against 
DDX3 (1:1,000; cat. no. PA5‑17165; Invitrogen; Thermo Fisher 
Scientific, Inc.), PTEN (1:1,000; cat. no. 9188), phosphorylated 
(p)‑PI3K (1: 1,000; cat. no.17366), total (t)‑PI3K (t‑PI3K) 
(1:1,000; cat. no. 4255), p‑AKT (1:1,000; cat. no. 4060) and 
t‑AKT (1:1,000; cat. no. 4685) (all obtained from Cell Signaling 
Technology, Inc.) were used as primary antibodies, whereas 
peroxidase‑conjugated anti‑IgG (1:5,000; cat. no.  7074; 
Cell Signaling Technology, Inc.) was used as a secondary 
antibody. Monoclonal α‑tubulin (1:1,000; cat. no. 2125; Cell 
Signaling Technology, Inc.) and GAPDH antibodies (1:1,000; 
cat. no. 5174; Cell Signaling Technology, Inc.) were used as 
controls. Bands were detected using an enhanced chemilumi-
nescent kit (Pierce; Thermo Fisher Scientific, Inc.), and data 
were semi‑quantified using ImageJ software v1.41 (National 
Institutes of Health).

Statistical analysis. GraphPad Prism 5 software v8.0 
(GraphPad Software, Inc.) was used for all statistical analyses. 
All experiments were carried out in triplicate, and data are 
presented as the mean ± SD. A paired Student's t‑test was 
performed to distinguish differences between two groups 
and one‑way ANOVA followed by Tukey's post hoc test were 
performed for multiple comparisons. P<0.05 was considered 
to indicate a statistically significant difference.

Results

miR‑196a is upregulated in ovarian cancer cells and tumor 
tissues. To investigate the relationship between miR‑196a and 
ovarian cancer cells, the expression levels of miR‑196a in 
30 pairs of epithelial ovarian cancer tissues and corresponding 
non‑tumor tissues were measured using RT‑qPCR. It was 
observed that the expression of miR‑196a was significantly 
higher in ovarian cancer tissues relative to non‑tumor tissues 
(Fig. 1A). Furthermore, the expression of miR‑196a was exam-
ined in ovarian cancer cell lines (OVCAR3, CAOV‑3, A2780 
and ES‑2) and the immortalized ovarian epithelial cell line 
HS832. The results were similar to those from the clinical 
data: The expression of miR‑196a was significantly upregu-
lated in ovarian cancer cells (Fig. 1B). Taken together, these 
findings indicated that miR‑196a expression was upregulated 
in ovarian cancer.

miR‑196a promotes cell proliferation and attenuates apop‑
tosis of ovarian cancer cells. To investigate the function of 
miR‑196a in ovarian cancer progression, miR‑196a mimic and 
miR‑196a inhibitor were transfected into the ovarian cancer 
cell lines OVCAR3 and CAOV‑3 to induce overexpression or 
silencing of miR‑196a, respectively. OVAR3 and CAOV‑3 were 
chosen for these subsequent experiments, as miR‑196a expres-
sion was higher in these cell lines than in the other cell lines 
tested, and both cell lines are the two most commonly used in 
human ovarian cancer research (18,19). The miR‑196a mimic 
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significantly increased miR‑196a expression levels compared 
with miR‑NC mimic both in OVCAR3 and CAOV‑3 cell 
lines, whereas the miR‑196a inhibitor significantly decreased 

miR‑196a expression compared with the miR‑NC inhibitor 
(Fig. S1). As miR‑NC mimic and miR‑NC inhibitor transfec-
tion had no effect on the expression of miR‑196a, the control 

Figure 2. miR-196a promotes proliferation and inhibits apoptosis of ovarian cancer cells. (A) miR-196a inhibitor was transfected into OVCAR3 or CAOV-3 
cells and induced a significantly lower proliferation rate than the miR-196a mimic-transfected group and miR-negative control-transfected group as controls. 
(B) Significantly decreased proliferation levels in OVCAR3 and CAOV-3 cells transfected with miR-221 inhibitors and markedly upregulated cell prolifera-
tion of the miR-196a mimic-transfected group compared with that in the controls were observed by ELISA-BrdU assay. (C) miR-196a inhibitor or miR-196a 
mimic were transfected into OVCAR3 and CAOV-3 cells. miR-196a inhibitor increased the percentage of apoptotic cells compared with controls. *P<0.05 and 
**P<0.01. miR, microRNA; OD, optical density.

Figure 1. miR-196a expression is significantly increased in tumor tissues of patients with ovarian cancer and ovarian cancer cell lines. (A) Expression levels 
of miR-196a in 30 pairs of epithelial ovarian cancer tissues and their adjacent, non-cancerous normal ovarian cancer tissues and (B) ovarian cancer cell lines, 
including OVCAR3, CAOV-3, A2780, ES-2 and immortalized ovarian epithelial cell line HS832 were detected by reverse transcription-quantitative PCR. U6 
was used as the internal control. **P<0.01 and ***P<0.001. miR, microRNA.
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data of the mimic and inhibitor were combined as a NC for 
comparative analysis. It was also shown that, compared with 
the NC, miR‑196a mimic promoted cell viability and prolifera-
tion (Fig. 2A and B). In contrast, miR‑196a inhibitor increased 
the apoptosis of ovarian cancer cells (Figs.  2C  and  S2). 
Collectively, these data suggested that miR‑196a may promote 
cell proliferation and attenuate apoptosis in ovarian cancer.

DDX3 is a direct target of miR‑196a. Previous studies have 
shown that DDX3 mediated miRNA expression, and there-
fore regulated cell proliferation and metastasis in various 
cancers (15,20). Using the DIANA tool to uncover potential 
targets of miR‑196a, DDX3 was found to be predicted as a direct 
target (Fig. 3A). Furthermore, RT‑qPCR analysis showed that 

the expression of DDX3 was downregulated in various ovarian 
cancer cell lines (Fig. 3B). Luciferase reporter assays were 
performed to verify the direct interaction between miR‑196a and 
DDX3. It was demonstrated that miR‑196a mimic significantly 
reduced the luciferase activity of the reporter that contained 
the wild‑type DDX3 3'‑UTR; in contrast, the luciferase activity 
of the DDX3 3'‑UTR containing a mutation of the miR‑196a 
binding site showed no change in activity (Fig. 3C). In addition, 
DDX3 expression in cells transfected with miR‑196a mimic or 
inhibitor were examined by RT‑qPCR and western blotting. 
It was shown that DDX3 mRNA expression was significantly 
reduced by the miR‑196a mimic but increased by the miR‑196a 
inhibitor (Fig. 3D). Similar to the RT‑qPCR data, the protein 
expression levels of DDX3 were markedly increased when 

Figure 3. DDX3 is a direct target of miR-196a. (A) Bioinformatics-based target prediction analysis showed that DDX3 is a potential target of miR-196a. 
(B) mRNA expression levels of DDX3 were markedly decreased in ovarian cell lines compared with in HS832 cells. (C) Luciferase reporter assay showed 
that in the miR-196a mimic group, a significantly decreased luciferase activity driven by DDX3 was observed compared with that in the negative control and 
DDX3-MUT group. (D) mRNA and protein expression levels of DDX3 were measured in OVCAR3 cells transfected with the miR-196a mimic or inhibitor. 
**P<0.01. miR, microRNA; WT, wild-type; UTR, untranslated region; MUT, mutated; DDX3, DEAD box RNA helicase 3.

Figure 4. Inhibition of DDX3 promotes cell proliferation and decreases apoptosis of ovarian cancer cells. (A) Decreased cell viability was observed in the 
pcDNA-DDX3 group compared with the group transfected with shDDX3. (B) Significantly reduced cell proliferation was observed in the pcDNA-DDX3 group 
compared with the control. (C) Significantly increased the percentage of apoptotic cells was detected in the pcDNA-DDX3 group compared with the control. 
**P<0.01. sh, short hairpin; DDX3, DEAD box RNA helicase 3; OD, optical density.
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the miR‑196a inhibitor was transfected, whereas they were 
decreased when miR‑196a was overexpressed (Fig. 3D).

Inhibition of DDX3 promotes cell proliferation and decreases 
apoptosis of ovarian cancer cells. To confirm that miR‑196a 
regulated ovarian cancer cell proliferation and apoptosis 
by targeting DDX3, OVCAR3 cells were transfected with 
pcDNA‑DDX3, shDDX3, or control pcDNA3.1 vector and 
shCtrl into and analyzed using MTT, cell proliferation and 
flow cytometry assays. pcDNA‑DDX3 was transfected into 
OVCAR3 cells to significantly upregulate DDX3 expression 
compared with the control, whereas shDDX3 was transfected 
into cells to markedly downregulate DDX3 expression 
(Fig. S3). As pcDNA3.1 and shCtrl transfection had no effect on 
the expression of DDX3, the control data of the pcDNA vector 
and shCtrl were combined as a NC for comparative analysis. 
Increased cell viability and proliferation, as well as reduced 
apoptosis, were observed in the shDDX3 group relative to 
the pcDNA‑DDX3 or control groups (Figs. 4A‑C and S4). In 
summary, these results indicated that miR‑196a may promote 
cell proliferation and attenuate apoptosis in ovarian cancer 
through the targeting of DDX3.

DDX3 reverses the effects of miR‑196a on ovarian cancer cells 
via the PTEN/PI3K/AKT signaling pathway. To investigate 
the molecular mechanism underlying miR‑196a targeting of 
DDX3 in ovarian cancer, miR‑196a mimic, miR‑196a inhibitor, 
pcDNA‑DDX3, shDDX3 and a corresponding control were 
transfected into OVCAR3 ovarian cancer cells to assess the 
effects on the PTEN/PI3K/AKT pathway. As shown in Fig. 5A, 
the miR‑196a mimic decreased protein expression of PTEN, 
while also inducing PI3K and AKT phosphorylation. Previous 
studies have reported that inhibition of PTEN as a tumor 

suppressor may activate the expression of PI3K and AKT, 
thereby increasing survival of various tumors (21,22). Notably, 
in the present study, downregulation of DDX3 attenuated the 
expression of PTEN and therefore increased the expression of 
p‑PI3K and p‑AKT (Fig. 5B); thus, DDX3 may play a role in 
regulating ovarian cancer cell proliferation. Furthermore, the 
effect of PTEN/PI3K/AKT pathway inhibition on cell prolif-
eration and apoptosis was explored. It was revealed that the 
miR‑196a mimic or shDDX3‑mediated upregulation of cell 
proliferation and miR‑196a inhibitor or pcDNA‑DDX3‑medi-
ated inhibition of apoptosis were blocked by pretreatment with 
LY294002, which is an AKT inhibitor (Figs. 5C‑F and S5). 
Taken together, these results suggested that miR‑196a may 
promote ovarian cancer cell proliferation and attenuate apop-
tosis by targeting DDX3 through PTEN/PI3K/AKT signaling 
pathway regulation.

Discussion

miR‑196a is highly expressed in ovarian cancer and is asso-
ciated with various other types of cancer; therefore, it could 
represent an important biomarker for cancer diagnosis and 
prognosis (12,13). In epithelial ovarian cancer progression, 
Yang et al (14) found that miR‑196a promoted ovarian cancer 
cell migration and invasion through the downstream target 
gene HOXA10; however, these authors did not report the 
regulatory mechanisms of miR‑196a and HOXA10. Notably, 
there are few studies on the precise regulatory mechanisms 
of miR‑196a in ovarian cancer progression. Therefore, in 
the present study, the relationship between miR‑196a and 
ovarian cancer was investigated in detail. It was found that 
the expression of miR‑196a was increased in ovarian cancer 
tissues and cell lines, and that miR‑196a promoted ovarian cell 

Figure 5. miR-196a promotes cell proliferation by targeting DDX3 via regulating the PTEN/PI3K/AKT signaling pathway. (A and B) Western blot analysis 
was performed to determine the expression levels of PTEN, p-PI3K, t-PI3K, p-Akt and t-Akt in OVCAR3 cells transfected with miR-196a mimic, miR-196a 
inhibitor, pcDNA-DDX3, shDDX3 and corresponding control. OVCAR3 cells were pretreated with DMSO or LY294002 for 6 h and then transfected with 
miR-196a mimic, miR-196a inhibitor, pcDNA-DDX3, shDDX3 and corresponding control for 24 h. (C and D) Results of the ELISA-BrdU assays performed 
to analyze cell proliferation and (E and F) results of the flow cytometry used to evaluate the percentage of apoptotic cells. **P<0.01 and ***P<0.001. miR, 
microRNA; p, phosphorylated; t, total; sh, short hairpin; DDX3, DEAD box RNA helicase 3; OD, optical density.
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proliferation and suppressed cell apoptosis. In addition, trans-
fection of miR‑196a mimics reduced DDX3 expression levels 
in cells and miR‑196a bound to the 3'‑UTR of DDX3. Thus, 
DDX3 was demonstrated to be a direct target of miR‑196a, 
and importantly, attenuated the effect of miR‑196a on ovarian 
cancer. After further mechanistic studies, it was revealed that 
miR‑196a promoted cell viability and proliferation but attenu-
ated cell apoptosis by inhibiting DDX3 via PTEN/PI3K/AKT 
pathway regulation. To the best of our knowledge, the present 
study is the first to demonstrate an association between 
miR‑196a and DDX3 in ovarian cancer, and has provided a 
novel insight into the molecular mechanisms of ovarian cancer 
progression. 

As previously reported, the DDX3 gene is similar to a 
‘double‑edged sword’: Depending on the type of cancer, it 
either contributes to cancer progression or functions as a tumor 
suppressor  (23). For example, DDX3 exhibited oncogenic 
functions in breast cancer, in which overexpression of the gene 
promoted cell growth and proliferation in breast epithelial 
cancer cells (16,24). However, in colorectal cancer, the knock-
down of DDX3 promoted colon cancer progression via the 
Snail/E‑cadherin pathway (15). Although the mechanism of 
this dual role of DDX3 in various types of cancer has not been 
fully elucidated, the results of the present study suggested that 
the regulatory function of miRNAs may have an important 
role in these processes. In previous studies, several DDX 
genes, including DDX1 and DDX10, have been reported to play 
tumor‑suppressing roles in ovarian cancer progression (25,26). 
In addition, the present study demonstrated a downregulation 
of DDX3 in ovarian cancer cell lines. Furthermore, overex-
pression of DDX3 decreased cell proliferation and induced 
apoptosis, which suggested that, similar to other DDX genes, 
DDX3 may act as an ovarian cancer tumor suppressor. 

The present study indicated that miR‑196a targeted DDX3 
to promote cell proliferation through the PTEN/PI3K/AKT 
signaling pathway. PTEN, a well‑established tumor suppressor, 
is known to contribute to cancer development and progres-
sion  (27). In addition, the PTEN/PI3K/AKT signaling 
pathway has a confirmed link to the carcinogenesis of various 
tumors, including hepatocellular carcinoma, gastric cancer 
and pancreatic cancer (28,29). PTEN has been reported to 
attenuate cancer cell viability and growth by suppressing the 
PI3K/AKT signaling pathway, while downregulation of PTEN 
expression may result in the activation of AKT, and the promo-
tion of cell proliferation and angiogenesis (30). Collectively, 
the results of the present study supported the hypothesis that 
overexpression of miR‑196a promoted ovarian cell growth and 
proliferation via downregulation of PTEN expression. These 
findings suggested that miR‑196a may be a negative regu-
lator of the PTEN/PI3K/AKT signaling pathway. Moreover, 
it was suggested that overexpression of DDX3 reversed 
miR‑196a‑mediated tumor progression by activating PTEN 
expression and suppressing AKT activity, thereby blocking the 
miR‑196a‑mediated effects of the PTEN/PI3K/AKT signaling 
pathway.

In summary, the present study provides a new insight 
into the regulatory mechanisms that underlie the effects of 
miR‑196a on ovarian cancer progression. To the best of our 
knowledge, the present study is the first to report an associa-
tion between miR‑196a and DDX3, and has demonstrated that 

miR‑196a may promote cell proliferation and inhibit apoptosis 
in ovarian cancer through attenuation of DDX3 expression via 
PTEN/PI3K/AKT signaling pathway regulation. It is therefore 
suggested that miR‑196a and DDX3 are potential targets for 
the development of future ovarian cancer treatments.
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