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MiR-15b mediates liver cancer cells proliferation
through targeting BCL-2
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Abstract: The incidence and mortality of liver cancer increased year by year. Our country presents high incidence
of liver cancer. MicroRNAs have tissue sensitivity as tumor biomarkers that play a role by promoting tumor growth
as oncogenes or inhibit malignant cell growth as tumor suppressor genes. Studies showed that miR-15b abnormal
expression in the tumor and can be treated as one of the tumor molecular markers. However, miR-15b expression
and role in the liver cancer cells have not been elucidated. This study intended to explore the mechanism of miR-
15b effect on liver cancer occurrence and development. Liver cancer cell line HepG2 was transfected with miR-15b
mimic or inhibitor. Real-time PCR was applied to detect miR-15b expression. MTT was used to test cell proliferation.
Transwell assay was performed to determine cell invasive ability. Real-time PCR and Western blot were used to
detect BCL2 expression. MiR-15b mimic transfection promoted miR-15b overexpression and inhibited HepG2 cell
proliferation significantly (P < 0.05). MiR-15b overexpression downregulated BCL2 mRNA and protein expression
obviously (P < 0.05). On the contrary, miR-15b inhibitor transfection markedly reduced miR-15b expression in liver
cancer cells (P < 0.05), promoted tumor cell proliferation, and increased BCL2 mRNA and protein expression. MiR-
15b expression changes did not affect cell invasion (P > 0.05). MiR-15b can inhibit HepG2 cell proliferation and
down-regulate BCL2 mRNA and protein expression.
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Introduction playing the role of oncogenes or tumor suppres-
sor genes, especially in liver cancer [8-10].
MiRNA can act on the downstream target genes
expression and regulate protein translation.
MicroRNA-15 (miR-15) family includes miR-15a,
miR-15b, and miR-192, etc [11, 12]. MiR-15a
has been proved to play an important role in
regulation of liver cancer [13, 14]. As a member
of family highly homologous with miR-15a, miR-
15b expression and function in liver cancer has
not been fully elucidated. This study intended to

Liver cancer is one of the most common malig-
nant tumors accounts for the fifth. Its mortality
rate is the second in malignant tumor only
behind lung cancer [1, 2]. Our country has a
high incidence of liver cancer that accounts for
55% of the whole world [3]. There are numer-
ous therapy methods for liver cancer, including
surgery, radiotherapy, chemotherapy, immuno-
therapy, and interventional therapy, etc. how-

ever, their efficacies are poor. Easy to metasta-
sis and high recurrence result in low survival
and poor quality of life of liver cancer patients.
Therefore, it is a problem urgently to be solved
about liver cancer occurrence, development,
diagnosis, and treatment [4, 5]. Following the
development of molecular biology, investiga-
tion on new molecular targets for liver cancer
diagnosis and treatment become another hope
[6, 7].

Recent study found that miRNA is associated
with tumor occurrence and development by

explore miR-15b expression in liver cancer and
its effect on liver cancer cells.

Materials and methods
Main instruments and reagents

Liver cancer cell line HepG2 was purchased
from ATCC (USA). DMEM and penicillin-strepto-
mycin were bought from Hyclone (USA). DMSO
and MTT were from Gibco. Enzyme-EDTA was
got from Sigma (USA). PVDF membrane was
from Pall Life Sciences. Western blot related
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Table 1. Primer sequence

incubated for 6 h. The cells were fur-

Gene Forward 5’-3’ Reverse 5’-3’

ther cultured for 48 h after changing

the medium.

GADPH  AGTACCAGTCTGTTGCTGG TAATAGACCCGGATGTCTGGT

miR-15b ATGAACTTTCTCTGTCTTGG TCACCG CCTCGGCTTGTCACA
BCL-2 CTCCCACAGACTCTGTAAG GCATTACCTGGGGCTGTAATT

Real-time PCR detection of miR-15b
and BCL-2 expression: Total RNA was

reagents were purchased from Beyotime
(Shanghai, China). ECL reagent was from
Amersham Biosciences. BCL2 primary anti-
body and HRP-tagged 1gG secondary antibody
were bought from Cell Signaling (USA). RNA
extraction kit, reverse transcription kit, and
lipo2000 were from Invitrogen (USA). MiR-15b
mimics and inhibitor were synthesized by
Genepharma (Shanghai, China). Transwell
chamber was purchased from Hyclone (USA).
Microplate reader was from BD Company (USA).
DNA amplifier was from PE Gene Amp PCR
System 2400 (USA). Other reagents were got
from Sangon (Shanghai, China).

Methods

HepG2 cell culture and grouping: HepG2 cells
stored in liquid nitrogen were unfreezed in 37°C
water bath and centrifuged at 1000 rpm for 3
min. Then the cells were resuspended in medi-
um and cultured in incubator for 24-48 h at
37°C and 5% COQ. After that, HepG2 cells were
seeded in dish at 1 x 107 cells/cm? and main-
tained in high glucose DMEM medium contain-
ing 10% FBS, 100 U/ml penicillin, and 100 ug/
ml streptomycin. The cells were passaged every
2-3 days. HepG2 cells at 2"-8" generation in
logarithmic phase were randomly divided into
four groups including miR-15b mimics NC
group, MiR-15b inhibitor NC group, miR-15b
mimics group, and miR-15b inhibitor group.

Liposome transfection: MiR-15b mimics and
miR-15b inhibitor were transfected to HepG2
cells, respectively. Their sequences were as fol-
lows: miR-15b mimics, 5-AGGUGCAAUCGGU-
GUUCA-3’; miR-15b inhibitor, 5-AUCGGGAGGU-
GCAUUCUA-3’; miR-15b mimics NC, 5-AUUCA-
GGUCGGUGCAAUG-3’; miR-15b inhibitor, 5'-
ACAGGUUUCGCAAGGUUG-3. MiR-15b mimics
and miR-15b inhibitor were mixed with 200 pl
FBS-free medium for 15 min under room tem-
perature. Then the mixed lipo2000 were incu-
bated with miR-15b mimics or miR-15b inhibi-
tor for 30 min under room temperature. After
washed with PBS, the cells were treated with
mixture maintained in FBS-free medium and
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extracted from the cells with Trizol

and reverse transcripted to DNA
according to the manual. Primer sequences
were designed by Primer 6.0 and synthesized
by Invitrogen (Shanghai, China) (Table 1). Real-
time PCR was applied to detect the target
genes. The reaction consists one cycle of 55°C
for 1 min, followed by 35 cycles of 92°C for 30
s, b8°Cfor45s,and 72°C for 35 s. GAPDH was
used as reference, and the results were calcu-
lated 22°t method.

MTT assay: HepG2 cells in logarithmic phase
were seeded in 96-well plate at 5 x 10° cells
concentration. The cells in each group were
added with 20 ul sterile MTT every 24 h with
triplicate. After another 4 h incubation, the
supernatant was removed and 150 pl DMSO
was added for 10 min. The plate was read at
570 nm on microplate reader to calculate prolif-
eration rate.

Transwell chamber assay: HepG2 cells were
cultured for 24 h at 48 h after transfection. 50
mg/L Matrigel at 1:5 dilution was used to coat
Transwell chamber membrane. 50 pl BSA at 10
g/L in FBS-free medium was added to each
well for 30 min at 37°C. Then the transwell
chamber was put into 24-well plate, and 500 ul
DMEM with 10% FBS was added to the lower
chamber. 100 pl tumor cell suspension in FBS-
free DMEM medium was added to the upper
chamber and cultured for 48 h. Then the cham-
ber was fixed with ice ethanol and stained with
crystal violet for 30 min. The cell number was
counted under the microscopy for 10 fields of
VIEW.

Western blot detection of BCL-2, BAX, cas-
pase3 protein expression: The cells in each
group were cracked on ice for 15-30 min and
ultrasonicated for 4 x 5 s to extract protein.
After centrifuged at 10000 g and 4°C for 15
min, the protein was moved to a new Ep tube
and store at -20°C. The protein was separated
by 10% SDS-PAGE electrophoresis and trans-
ferred to PVDF membrane. After blocked by 5%
skim milk for 2 h, the membrane was incubated
in BCL-2 primary antibody at 1:1000 and 4°C
over night. Then the membrane was incubated
with secondary antibody at 1:2000 for 30 min
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transfection promoted miR-
15b expression in HepG2
cells obviously compared
with control (P < 0.05). On
the other side, miR-15b inhib-
itor transfection suppressed
miR-15b level significantly (P
< 0.05).

miR-15b impact on HepG2
cell proliferation

MTT assay was performed to

mimics NC miR-15b mimics

Figure 1. miR-15b expression in HepG2 cells. *P < 0.05, compared with mim-
ics NC group; #*P < 0.05, compared with inhibitor NC group.
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HepG2 cell proliferation. It
was found that miR-15b mim-
ics transfection upregulated
miR-15b and inhibited HepG2
cell proliferation markedly
(P < 0.05). On the contrary,

#

miR-15b inhibitor transfec-
tion reduced miR-15b expres-
sion and promoted HepG2
cell proliferation (P < 0.05)
(Figure 2). The results sug-
gested that miR-15b overex-
pression in HepG2 was in
favor of liver cancer cell
proliferation.
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miR-15b effect on HepG2
cell invasion

Figure 2. miR-15b impact on HepG2 cell proliferation. *P < 0.05, compared
with mimics NC group; #P < 0.05, compared with inhibitor NC group.

and washed by PBST. At last, the membrane
was treated with chemiluminescent agent for 1
min and imaged on X-ray. Protein image pro-
cessing system and Quantity one software
were used for data analysis. All experiments
were repeated for four times.

Statistical analysis: All the statistical analysis
was performed on SPSS11.5 software. The
data was presented as X +s. ANOVA, Dunnett’s
test, and chi-square test was used for mean
comparison. P < 0.05 was considered as statis-
tically significant.

Results
miR-15b expression in HepG2 cells

Real time PCR was used to test miR-15b mim-
ics and inhibitor effect on miR-15b expression
in HepG2 cells. As shown in Figure 1, miR-15b
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Transwell chamber assay

was applied to determine
miR-15b effect on HepG2 cell invasive ability.
The results showed that miR-15b mimics trans-
fection upregulated miR-15b but did not affect
HepG2 cell invasive ability (P > 0.05). Similarly,
miR-15b inhibitor transfection decreased miR-
15b expression and also did not change HepG2
cell invasive ability (P > 0.05) (Figures 3 and 4).
It indicated that miR-15b level changes do not
affect tumor cell invasive ability.

miR-15b impact on target gene BCL2 mRNA
and protein expression

Real time PCR and Western blot were used to
detect miR-15b impact on its target gene BCL-2
mMRNA and protein expression. miR-15b mimics
transfection down-regulated BCL2 mRNA and
protein significantly compared with control (P <
0.05), while miR-15b inhibitor increased BCL2
mRNA and protein levels obviously (P < 0.05)
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Figure 3. miR-15b effect on HepG2 cell invasion. A. mimics NC group; B. miR-15b mimics group; C. Inhibitor NC
group; D. miR-15b inhibitor group.
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Figure 4. miR-15b effect on HepG2 cell invasion analysis.

(Figures 5 and 6). It revealed that miR-15b
overexpression in HepG2 cells help suppress
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liver cancer cell proliferation by
regulating its target gene BCL2
MRNA and protein expression.

Discussion

The incidence of liver cancer
increased day by day following
the speeding up of the pace of
life and the change of life style.
Liver cancer’s occurrence and
development is a multiple fac-
tors and multiple gene regula-
tion process [2]. Finding the
molecular pathogenesis of HCC,
therefore, has important clinical
significance for liver cancer
early diagnosis, prevention and

prognosis. Apoptosis plays a quite important
role in regulating liver cancer cell occurrence
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survival time, thus breaking
the cell dynamic balance, pro-
moting deterioration, and
forming liver cancer [17, 18].

Numerous evidences revealed
that miRNA abnormal expres-
sion is involved in various bio-
logical processes, including
animal and plant growth and
development, cell prolifera-

apoptosis, cell

mimics NC miR-15b mimics

Figure 5. miR-15b impact on target gene BCL2 mRNA expression.
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miR-15b inhibitor and cell cycle, etc [19].
MiRNAs can regulate cell
death, proliferation and differ-
entiation, development and
metabolism through regulat-
ing some signal molecules,
such as cell growth factor,
transcription factors, and cell
death genes [20]. MiR-15b
widely distributed in multiple
tissues and organs without
specific tissue specificity,
including the heart, lung, liver,
kidney, and spleen. Its expres-
sion level fluctuated with body
development, growth, and
proliferation [21]. Our study
confirmed that miR-15b trans-
fection can promote its
expression in HepG2 cells
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Figure 6. miR-15b impact on target gene BCL2 protein expression. A. miR-
15b impact on BCL2 protein expression; B. miR-15b impact on BCL2 protein
expression analysis *P < 0.05, compared with mimics NC group; #P < 0.05,

compared with inhibitor NC group.

and development, thus causing increasing
attention [15]. The antiapoptotic mechanism of
liver cancer cells is closely related to the Bcl-2
overexpression [16]. Apoptosis is a regulation
to body self-stabilization that can inhibit tumor
growth. Bcl-2 overexpression can let damaged
cell escape from apoptosis and progress to
liver cancer under related genes effect. Bcl-2
overexpression can prevent liver cancer cell
apoptosis. It was thought that Bcl-2 overex-
pression can inhibit nucleus transfer and
reduce intracellular calcium concentration,
leading to antioxidation damage and imbalance
of proliferation and apoptosis. It further result-
ed in abnormal cell increase and prolonged cell
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miR-15b inhibitor

and inhibit HepG2 cell prolif-
eration, while miR-15b inhibi-
tor transfection resulted in
the opposite results. However,
miR-15b presented no impact
on liver cancer cell invasive
ability, suggesting that miR-
15b plays its role mainly through regulating
tumor cell proliferation instead of invasion.

MiRNAs usually can regulate multiple down-
stream target genes expression in mRNA or
protein level, so as to activate different signal-
ing pathways that affect tumor cell biology
behavior [22]. BCL2 is one of the target genes
of MiR15 family. In chronic lymphocytic leuke-
mia, miR-15a expression is negatively correlat-
ed with BCL2 expression. They both can induce
cell apoptosis through inhibiting BCL2 to acti-
vate the intrinsic apoptotic pathway [23].
Nevertheless, whether miR-15b can regulate
liver cancer cell proliferation through BCL2 has

Int J Clin Exp Pathol 2015;8(12):15677-15683
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not been confirmed. Our research proved that
miR-15b overexpression can decline BCL2
mMRNA and protein expression obviously. On the
contrary, miR-15b inhibitor transfection can sig-
nificantly decrease miR-15b expression in liver
cancer cells, thus promoting BCL2 mRNA and
protein levels. It confirmed that miR-15b can
regulate its target gene BCL2 expression in
liver cancer occurrence and development.

To sum up, miR-15b can downregulate BCL2
protein expression, promote tumor cell apopto-
sis, and inhibit HepG2 cell proliferation. It pro-
vides new theoretical basis for liver cancer
mechanism investigation and molecular target
selection.
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