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Background/Aims: To analyze the clinical significance of miR-196b expression in ovarian
cancer and predict the function and possible mechanism of miR-196b.

Methods: Both Kaplan—Meier (K-M) and Cox proportional hazards regression model were
used to analyze the prognostic factors of patients with ovarian cancer. MiR196-b was
modulated in ovarian cancer cells, and the cell viability, cell cycle, and cell cycle-related
gene expression were analyzed. The target genes of miR-196b were then predicted and
checked the relationship between the target genes.

Results: MiR-196b was an independent risk factor, while high expression of miR-196b was
associated with poor prognosis of ovarian cancer. MiR-196b overexpression increased cancer
cell proliferation. Cdknlb, as one of the targets of miR-196b, was related to cell viability and
mitosis.

Conclusion: High expression of miR-196b was significantly associated with poor prognosis
of the patients with ovarian cancer. MiR-196b could increase the cell proliferation of ovarian
cancer by modulating Cdknlb expression.
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Introduction

Ovarian cancer is a common gynecological malignant tumor in the gynecological.
In developed and developing countries, ovarian cancer is expected to rank fifth and
eighth, respectively, in new cancer cases, with the sixth and eighth mortality rates
each year." Because most patients with ovarian cancer are diagnosed at an advanced
stage, the prognosis is poor, and the 5-year survival rate is only 45%.> Although
only 30% of patients with distant metastatic ovarian cancer can survive for 5 years
or longer, this proportion is higher than advanced cervical cancer, colon cancer,
kidney cancer, and pancreatic cancer.’ It is, therefore, necessary to look for
a prognosis Indicator of ovarian cancer. MicroRNAs (miRNAs) are non-coding
short-chain (19-22 nt) RNAs that regulate gene expression at transcriptional and/or
post-transcriptional levels.* Approximately 60% of mRNA is currently believed to
be controlled by microRNAs, which play a major role in regulating tumorigenesis,
growth, proliferation, migration, invasion, apoptosis, etc.*” miR-196b has
a different function in various tumors. For example, high expression in gastric
cancer can promote the metastasis and proliferation of gastric cancer.® However, it
can prevent tumor proliferation, invasion, and migration in cervical cancer.” In
ovarian cancer, miR-196b has been found to be highly expressed in recurrent
ovarian cancer than in primary ovarian cancer. MiR-196b may be used as an
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indicator for predicting recurrent ovarian cancer, but
research related to the prognosis of ovarian cancer is
very rare.® In this study, we analyzed the ovarian cancer
dataset based on the TCGA database, examined the clin-
ical significance of miR-196b expression in ovarian can-
cer, and looked for potential new target for prognosis
prediction in patients with ovarian cancer.

Methods and Information

Patients and Samples

Level 3 data for miRNAseq, mRNAseq, and clinical data with
ovarian cancer have been downloaded from the TCGA data-
base. Patients participating in this study had data regarding
overall survival (OS), miRNAseq, and mRNA seq. The sam-
ple data included the age of diagnosis, the largest diameter of
the tumor, the stage and grade of the tumor, and the presence
or absence of residual tumors in the study of the clinical
characteristics. After sorting the data, we obtained 492 cases
of miR-196b expression, and clinical feature matching data,
414 cases of gene expression and clinical characteristics
414 cases and

matching data, of gene expression,

microRNAs expression matching data.

Cell Culture and Transfection

The human ovarian cancer cell line CAOV3 (ATCC, USA)
was cultured with Dulbecco’s Modified Eagle’s Medium
(Gibco, Thermo Fisher Scientific Inc., USA) added with
10% fetal bovine serum (FBS, Gibco, Thermo Fisher
Scientific Inc., USA) and A2780 (Sigma, Mo. the USA)
were grown in RPMI-1640 medium (Sigma, Mo. the USA)
supplemented by 10% FBS and 2mM Glutamax (Thermo
Fisher Scientific Inc., USA). Both cell lines maintained less
than ten passage times.

MiR-196b mimic (miR-196b+), miRNA mimic negative
control #1 (miR-C), miR-196b inhibitor (miR-196b-),
miRNA inhibitor negative control (miR-C-), Small interfer-
ing RNA (siRNA) against Cdknlb (si-Cdknlb), siRNA
negative control (si-Ctrl) were all obtained from
Guangzhou RIBOBIO Company (Guangzhou, China)(The
final concentration was 50nM). Cell transfection was per-
formed by using Lipofectamine 2000 (Invitrogen, Thermo
Fisher Scientific Inc., USA) as advised by the manufacturer.

Target Site Cloning and Luciferase

Reporter Assays
In order to investigate whether miR-196b modulates Cdknlb
expression by binding to its 3’ untranslated region (3'UTR),

luciferase assays were performed using a psiCHECK?2 plasmid
(Promega, Madison, WI). The Cdkn1b 3"'UTR was cloned into
the luciferase vector psiCHECK2. Based on the starBase
(v2.0) database, miR196b has a binding site for 3'UTR of
Cdknlb. Mutagenesis of Cdkn1b binding sites was performed
using the KOD Plus Mutagenesis kit (Toyobo, Osaka, Japan)
based on the instructions. The sequence of the clone has been
verified by DNA sequencing. CAOV3 and A2780 cells were
seeded in 6-well plates and then transfected with psiCHECK2-
Cdknlb containing the 3'UTR of Cdknlb and psiCHECK2-
Cdkn1b-Mut containing mutated miR-196b binding sites in the
Cdkn1b 3'UTR. Transfection was performed in the presence of
miR-196b mimic or miRNA mimic negative control by using
Lipofectamine 2000. The cells were harvested forty-eight
hours after the transfection. Renilla luciferase activity was
assessed using a Lumat LB9501 instrument (Berthold, Bad
Wildbad, Germany), and the results were normalized using
firefly luciferase activity.

Cell Viability
Cell counting kit-8 (CCKS, Dojindo Molecular Technologies,
Inc. Tokyo, Japan) was used to check cell viability. Cells were
incubated with a 10% CCKS8-culture medium for two hours in
an incubator. Absorbance was measured at 450 nm using
a plate reader (SpectraMax i3, Molecular Devices, Tokyo,
Japan).

Cell-Cycle Analysis by Flow Cytometry
Cells were harvested and washed twice with ice-cold PBS
and capped with 70% ethanol. 1x10° cells were suspended in
500 ul of RNase A/PI solution (20ug/mL RNase A and 50 ug/
mL PI in PBS) and incubated at 4°C for thirty minutes in the
dark. These cells have been analyzed by flow cytometry.

RT-PCR Analysis

The RNA, including miRNA of each sample, was harvested
by using the RNeasy Mini Kit (Qiagen, Hilden, Germany) as
recommended by the manufacturer. cDNA was then synthe-
sized by using a reverse transcription kit (Applied
Biosystems, Foster City, CA, USA) or TagMan microRNA
Reverse Transcription Kit (Applied Biosystems, Foster City,
CA, USA). The following TagMan assays (assay ID) were
used: cyclin-dependent kinase (CDK) 4 (Hs00123089 CE),
cyclin D1 (Hs00108480 CE), miR-196b (002215). GAPDH
(Hs00123089_CE) or U6 (001973) was selected as internal
controls. StepOnePlus Real-Time polymerase chain reaction
(PCR) System (Applied Biosystems) has been used to per-
form qRT-PCR.

submit your manuscript

9798

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al

Western Blotting

Cells were lysed using the RIPA buffer (Thermo, MA, USA)
containing both the protease inhibitor cocktail (Sigma, MO,
USA) and the PhosSTOP phosphatase inhibitor cocktail
(Roche, Tokyo, Japan). Protein concentrations were then mea-
sured using the BCA kit (Thermo, MA, USA), and equal
amounts of extracted proteins were separated by 10% SDS-
PAGE gels and transferred to PVDF membranes (Bio-Rad,
USA). The membranes were incubated either with the Cdknlb
(1:2500, 3698, Cell Signaling Technology, Inc. Tokyo, Japan)
or B-actin (1:3000, 3700, Cell Signaling Technology, Inc.
Tokyo, Japan) primary appropriate
HRP-conjugated secondary (1:3000).
Chemiluminescence (GE, UK) was used to detect the proteins.

antibody  and
antibody

Data Analysis

Statistical analysis of patients with ovarian cancer data was
performed using SPSS (21.0, IBM, NY, USA). Survival
difference analysis was performed using the Kaplan—Meier
method and Log rank test. Multivariate Cox proportional
hazard models have been used to analyze risk factors for
prognosis. Student’s #-test or One-way ANOVA was used to
compare the difference between groups. Bilateral P values <
0.05 have been statistically significant.

Results
Clinical Features of TCGA Dataset in

Patients with Ovarian Cancer

The basic clinical data for these patients are summarized in
Table 1. The initial tissue diagnosis of patients with ovarian
cancer had an average of 59.7 years (30-87 years), as listed in
Table 2. Among them, bilateral patients accounted for 69.5%,
stage III, and IV patients accounted for 93.1%, G3 and G4
accounted for 84.8%, and no residual tumors accounted for
19.5% after diagnosis. The data suggest that it is difficult to
diagnose the disease at an early stage, and most of the patients
with ovarian cancer are detected at the later stage.

The Expression of miR-196b is an
Independent Risk Factor for Predicting
the Prognosis of Patients with Ovarian

Cancer

After analyzing the relationship between expression levels
of microRNA and OS of ovarian cancer patients, we found
that patients with high expression of miR-196b had a poor
prognosis. K-M and Cox proportional hazard models have

Table | Data Definition Rules

Variables Definition Rule

Age of onset <60 years old=0; 260 years old=1

Position One side = 0; double side = |
Clinical stage 1+11=0; HI+IV=I
Tumor size <2cm=0; 22cm=1

GI1+G2=0; G3+G4=|
No residual = 0; there is residual = |

Tumor grading
Residual tumor size

miR-196b Low expression = 0; high Expression = |

Table 2 Clinical Data of 492 Patients with Ovarian Cancer

Variables N=492 (%)
Age of onset

Less than 60 years old 257 (52.2)

More than 60 years old 235 (47.8)
Position

One side 122 (24.8)

Bilateral 342 (69.5)

Missing 28 (5.7)
Clinical stage

I+l period 30 (6.1)

Stage IlI+IV 458 (93.1)

Missing 4 (0.8)
Tumor size

Less than 2cm 393 (79.9)

Greater than 2cm 59 (12)

Missing 40 (8.1)
Tumor grading

GI1+G2 62 (12.6)

G3+G4 417 (84.8)

Missing 13 (2.6)
Residual tumor size

No residue 96 (19.5)

Remaining 338 (68.7)

Missing 58 (11.8)

been used to analyze whether miR-196b is a reliable indi-
cator for determining the prognosis of ovarian cancer
patients. In the single-factor K-M survival analysis results
(Table 3), the age of patients (P = 0.04), clinical-stage
(P = 0.011), residual tumors (P < 0.001), and miR-196b
(P = 0.004) affected the survival of patient. The multi-
variate Cox proportional hazard analysis model, as shown
in Table 4, suggested that miR-196b, clinical stage, and
residual tumors are independent variables that influence
the prognosis of patients with ovarian cancer. Figure 1
shows the K-M curve of miR-196b. Results suggest that
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Table 3 Single-Factor Survival Analysis of 492 Patients with
Ovarian Cancer

Variables % P-value
Age 4214 0.040
Position 0.440 0.507
Clinical stage 6.506 0.011
Tumor size 0.059 0.808
Tumor grading 2.779 0.096
With or without residual tumor 16.063 <0.001
miR-196b 8.500 0.004

Table 4 Multivariate Cox Proportional Risk Regression Analysis
in 492 Patients with Ovarian Cancer

Variables B SE P-value | HR 95.0% CI
miR-196b 0.227 | 0.129 | 0.032 1.32 1.024~1.700
Age 0.203 | 0.129 | 0.l116 1.225 | 0.951~1.579
Clinical stage 0.969 | 0.456 | 0.034 2.637 | 1.078~6.446
With or 0.64 0.204 | 0.002 1.896 | 1.272~2.827
without residual

tumor

patients with low expression of miR-196b have a longer
OS (log-rank, P < 0.05).

MiR-196b Increased Cancer Cell

Proliferation

To detect the effect of miR-196b on ovarian cancer, we
have overexpressed or suppressed miR196b in ovarian
cancer cells CAOV3 and A2780. The overexpression and
suppression of the miR-196b were confirmed by PCR
analysis, as 2A. After the

presented in Figure
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Figure | The overall survival of patient with ovarian cancer cut-off by miR-196b
expression.

overexpression of miR-196b, cell viability was signifi-
cantly increased compared to the control group. In con-
trast, the suppression of miR-196b remarkably decreased
cell viability, as shown in Figure 2B. Further, the distribu-
tion of cell cycle revealed that after miR-196b overexpres-
sion, more cells were in the S phase, and many more cells
remained in the GO/1 phase when miR-196b was sup-
pressed, as compared to the control (Figure 2C). When
miR-196b was modulated, the expression of CDK4 and
cyclin D1 showed changes, as shown in Figure 2D.

Cdknlb as the Target Modulated by

miR-196b

Based on the previous report, Cdknlb (p27Kip1), known as
the tumor-suppressive protein, could be the target of miR-
196b.° After the miR-196b mimic., we first checked the
Cdknlb expression by PCR and found that Cdknlb
expression was significantly decreased. Besides, the pro-
tein level of Cdknlb was found to be reduced after miR-
196b overexpression, as presented in Figure 3A and B.

A luciferase reporter system was used to confirm the
relationship between miR-196b and Cdknlb. Figure 3C
depicts the pairing between the targets miR-196b and
Cdknlb. The predicted miR-196b recognition sites in the
Cdknlb 3" UTRs were cloned into a psiCHECK?2 plasmid
(psiCHECK2-Cdknlb WT). Furthermore, site-directed
mutagenesis (pmirCHECK2-Cdknlb MT) generated the
mutated (MT) miR-196b binding sites of Cdknlb. Then,
the vectors were co-transfected into CAOV3 and A2780,
which were already transfected with pre-miR-196b or pre-
miR-control. MiR-196b inhibited luciferase activity in
cells transfected with psiCHECK2-Cdknlb WT. In con-
trast, transfection of miR-196b did not reduce luciferase
activity in cells transfected with psiCHECK2-Cdknlb MT
vector, while the transfection of pre-miR-control did not
reduce luciferase activity in cells transfected with WT or
MT (Figure 3D).

MiR-196b Modulated Cancer Cell
Proliferation Through Cdknlb

We found whether the miR196b modulated cancer cell
proliferation through Cdknlb. It was observed that
Cdknlb was destroyed by CAOV3 and A2780 cells
through the siRNA transfection of Cdknlb. Thus, cell
proliferation remarkably increased after the suppression
of Cdknlb, as depicted in Figure 4A. The cell-cycle ana-
lysis also showed that the percentage of S and G2/M phase
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increased after suppressing Cdknl1b (Figure 4B). The PCR
analysis of cell cycle-related genes further confirmed that
Cdknlb could inhibit cancer cell proliferation (Figure 4C).

To clarify the relationship between miR-196b and
Cdknlb on cancer cell proliferation, transfection of miR-
196b in Cdknlb 3'-UTR wild or mutated CAOV3 and
A2780 cells was performed. The cell viability showed that
the overexpression of miR-196b did not affect the cell
proliferation of Cdknlb 3'-UTR mutated cancer cells in
the same way, as did in Cdknlb 3'-UTR wild types
(Figure 5A). The cell cycle distribution and cell cycle-
related genes expression also showed the same tendency
(Figure 5B and C). These demonstrate that the miR-196b
triggers cancer cell proliferation by inhibiting Cdknlb
expression.

Discussion
In the human genome, there are only about 2% of gene-
expressing proteins, and in recent years, more and more
attention has been paid to gene functions in the remaining
98% non-protein-coding region.'” MicroRNAs are non-
coding small RNAs that play an essential role in the devel-
opment of tumors. Research on microRNAs is expected to
set new targets for the diagnosis and treatment of tumors.
The miR-196 family includes miR-196a and miR-196b,
and the mature miR-196a (3-GGGUUGUUGUACUU
UGAUGGAU-5') has a base, which is different from miR-

196b (3-GGGUUGUUGUCCUU-UGAUGGAU-5")."
Although MiR-196b is abnormally expressed in various
tumors, its role in different types of tumors is still controver-
sial. Studies have reported that high expression of miR-196b
in osteosarcoma,'? gastric cancer,® malignant glioma,'* pan-
MLL-reconstituted
leukemia,'® esophageal cancer,'” colon cancer,'® and lung

creatic cancer,14 breast cancer,15
cancer'® is associated with poor prognosis, indicating that
miR-196b may have a cancer-promoting effect. The low
expression of miR-196b in melanoma,”*?! cervical cancer,’
and liver cancer,” is associated with poor prognosis, sug-
gesting that it may have a tumor suppressor effect. In a recent
study of ovarian cancer, the expression of miR-196b in
recurrent ovarian cancer is higher than that in primary ovar-
ian cancer,8 which could be a marker for recurrence of
ovarian cancer. One study reported that overexpression of
miR-196b may contribute to invasion activities of cancer
cells in recurrent epithelial ovarian cancer by regulating the
Homeobox A9 gene.”> The methylation status of the miR-
196b promoter region affects the level of miR-196b expres-
sion in tumors. In the study of gastric cancer, oral cancer, and
melanoma, hypomethylation of the miR-196b promoter
region increased the expression of miR-196b.°** Another
interesting study showed that 17 beta-estradiol (E(2)) alters
microRNA (miRNA) expression profiles in the adult zebra-
fish (Danio rerio) and miR-196b was one of the most up-

regulated miRNAs.>> Hypermethylation of miR-196b

submit your manuscript

9802

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Li et al

A CAOV3
2.0+ 2.0+
£ * £
c c
[=] o
n n
< <
® ®
[] [}
Q (%)
c c
© ©
£ 2
[] o
[72] [72]
Ke) Ke)
< <
Ctrl Cdkn1b-KD
B
CAOV3
1004
3 Ctrl
—~ 804 EE3 Cdkn1b-KD
9
(]
[e)]
©
k=
[}
o
Q
o

C
2.5- .
2.0 I
I I
5 T 5
% 1.5 <
3 S 3
Eg 1.0 Eggggﬁég EE
8] S 8
- b
fE
Ctrl Cdkn1b-KD
2.5 . 2.0-
E 2.01 ) E 1.5-
L S e
® 1.54 e ®
2 i 2 10
1.0- e
£ o £
.
" :.: . I. )
0.0- EWE&E 0.0-
Ctrl Cdkn1b-KD

Ctrl Cdkn1b-KD
A2780
100+
Ctrl

~ 80 Cdkn1b-KD
X

(]

g

[

8

&

o

Ctrl Cdkn1b-KD

*

%
:

o

Ctrl

Cdkn1b-KD

Figure 4 (A) Cell viability after Cdknlb knockdown (CdknIb-KD) (n=5). (B) Cell cycle analysis after Cdknlb knockdown (CdknIb-KD) (n=5). (C) CDK4 and cyclin DI
expression Cdknlb knockdown (Cdkn|b-KD) (n=5). *Significant difference between two groups, p<0.05.

promoter region in chronic leukemia, malignant glioma,
prostate cancer, hepatocellular carcinoma, cervical cancer
reduces miR-196b expression.”?% 2

A variety of miR-196b target genes have recently been

identified, including HOXA9, c-Myc, RUNX2, HOXB?7,

SOCS2.'%%32 MiR-196b plays a role in different tumors by
regulating these target genes. In this study, we identified that
Cdnk1b is negatively correlated with miR-196b. Cdknlb,
cyclin-dependent kinase inhibitor 1B (p27°P"), is a cyclin/
cyclin-dependent kinase complex inhibitor.**** Reduced
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(miR-196b) or pre-miR-control (Ctrl) (n=5). *Significant difference between two groups, p<0.05.

levels of Cdknlb have been observed in cancers, including  tumors, is negatively correlated with Cdknlb expression.
premalignant ovarian tumors.>>>® As shown in our present Cdknlb is involved in cell differentiation, proliferation, apop-
research, miR-196b, which is highly expressed in ovarian tosis, cell-cell adhesion, and growth inhibition.” In our
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research, suppressed Cdknlb reduced the cancer cell prolif-

eration by inhibiting cell mitosis, which has been shown to be

a cell-cycle stop, including down-regulation of cell-cycle

related genes.

Conclusion
miR-196b was significantly associated with overall survi-

val in patients with ovarian cancer, and ovarian cancer

patients with high expression of miR-196b had a poor

prognosis. The results of this study suggested that miR-

196b might be a new marker for prognosis prediction. At
the same time, Besides, the miR-196b facilitated the pro-
liferation of cancer cells by targeting Cdknlb.
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