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Deregulation of microRNA-193b affects the proliferation
of liver cancer via myeloid cell leukemia-1
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Abstract. Deregulation of microRNA (miR)-193b has been
revealed to be associated with the proliferation of liver cells.
However, the interaction between miR-193b and their targets
inducing liver cancer remains largely unknown. The aim
of the present study was to investigate the hypothesis that
miR-193b affects the proliferation of liver cancer cells. In the
present study, the overall survival of patients with liver cancer
and low fold change of miR-193b was higher compared with
that of patients with liver cancer patients and high fold change
of miR-193b. The expression level of myeloid cell leukemia-1
(Mcl-1) in patients with liver cancer was lower compared
with in the control group. The results of the present study
demonstrated that downregulation of miR-193b suppressed
the proliferation and induced apoptosis of liver cancer cells,
and inhibited the Mcl-1 protein expression level in liver cancer
cells. Upregulation of miR-193b increased cell proliferation
and decreased apoptosis of liver cancer cells and promoted the
expression level of Mcl-1 protein. The results of the present
study demonstrated that the expression of miR-193b as a novel
tumor suppressor serves an important role in the proliferation
of liver cancer cells by mediating Mcl-1 expression.

Introduction

Malignant tumors pose an increasing threat to humans and
tumors are one of the most common causes of mortality (1).
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Tumors are a neoplasm formed by hypoplasia and prosoplasia
of normal cells generated under long-term effects of initiating
and promoting factors in the body, is a general and systematic
disease with multi-factor participation and multi-step develop-
ment (2). However, the pathogenesis of tumors is not yet clear.
In the last two centuries, there have been two breakthroughs
in the treatment of cancer. The first was in 1890 when Halsted
proposed the concept of radical operation of cancer (3). The
second was in the 1970s when chemotherapy was integrated
into radial operation (adjuvant chemotherapy or neoadju-
vant chemotherapy) (3). Subsequently, there was no marked
progress in the treatment of cancer, until the appearance of
molecular targeting treatment, which may represent a third
breakthrough (4). Tumor biotherapy considers the apoptosis of
tumor as a fundamental link, inducing tumor cell apoptosis by
targeted control of expression level or function of key proteins
or enzymes in the apoptotic signaling pathway. It has been a
focus for the development of tumor molecular therapy (4).

Liver cancer was the second most common digestive
system neoplasm and ~53% of novel cases of liver cancer
worldwide occur in China with a survival rate of <5% in the
last 5 years (5). The primary causes of liver cancer are the high
intrahepatic transport rate and high postoperative recurrence
rate (1,6). At present, the comprehensive treatment focusing
on surgery is the first choice and most effective strategy for
primary hepatic carcinoma. However, the overall therapeutic
effect is not promising. Despite early stage liver cancer,
following radical excision the transfer and recurrence rate
after 5 years is 61.5% and for small hepatocellular carcinoma
the rate is 43.5%. Therefore, investigation into effective treat-
ment strategies is required to further improve the therapeutic
options for the treatment of liver cancer.

Myeloid cell leukemia-1 (Mcl-1) is one of the inhibitor
genes of apoptosis in the gene family of B cell lymphoma-2
(Bcl-2) (7). The Mcl-1 gene is a known important anti-apoptosis
factor in hepatocellular carcinoma, which is expressed exten-
sively in human normal tissues and also in tumor tissues and
tumor cell lines (8). Mcl-1 is located at human chromosome
1g21, which is a variable region during neoplastic disease and
its precancerous lesions (9). Coupled with the anti-apoptotic
function of Mcl-1, it is estimated that the expression of Mcl-1
may be associated with tumorigenesis (7).
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MicroRNA (miRNA) is a micromolecule and non-coding
RNA with 19-23 nucleotides and combines with the mRNA 3'
untranslated region of the target gene to regulate and control the
expression of the gene (10). Although miRNAs account for only
1% of the human gene group, they perform transcriptional-level
control for the expression of key genes and therefore serve an
important role in physiological processes (11). Previous studies
have revealed that a series of miRNAs served an important
role in the expression of cancer genes, therefore the abnormal
expression levels of miRNA was identified in various types of
cancer (12). During hepatocarcinogenesis and cancer devel-
opment, miRNA is a key factor involved in the mediation of
cancer (12). A previous study indicated that miRNA may be
a molecular marker in the prediction and diagnosis of cancer
and may have potential application value in the clinical treat-
ment of liver cancer (13). However, the interaction between
miR-193b and its targets inducing liver cancer remains largely
unknown. Furthermore, the present study investigated the effect
of miRNA-193b on the proliferation of liver cancer cells.

Materials and methods

Reagents, patients and tissue specimens. RPMI-1640 medium
and fetal bovine serum (FBS) were purchased from Gibco;
Thermo Fisher Scientific, Inc. (Waltham, MA, USA). A total
of 50 patients with liver cancer and 50 control patients were
recruited for the present study. The mean age of the 50 patients
with liver cancer was 57.8+7.1 years and that of the 50 normal
control patients was 56.1+8.5 years (Table I). There were 11
female and 39 male patients in the liver cancer group and 13
female and 37 male patients in the control group (Table I).
Patients with liver cancer and complete clinical pathology
data were studied and clinically staged using the 7th edition
of Lauren type and stage (14). For the prognosis study, we
selected subjects who underwent surgical treatment and
were subjected to regular follow-up; ultimately, 357 patients
with gastric cancer and complete clinical pathology data
were studied. The clinical staging of gastric cancer used
the 7th edition of Union for International Cancer Control
tumor-node-metastasis staging (13) and Lauren typing (14)
was used for the histological classification of gastric cancer.

Written informed consent was obtained from all patients
prior to enrollment in the present study and the present study
was approved by the Ethics Committee of The First Affiliated
Hospital of the University of Southern China (Hengyang,
China). All patients underwent resection of the tissue between
March 2014 and May 2015 at The First Affiliated Hospital of
University of Southern China.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
isolated from patient tissues and HepG?2 cells using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. RNA template was
reverse-transcribed using a PrimeScript RT Master Mix kit
(Takara Biotechnology Co., Ltd., Dalian, China) for 30 min
at 16°C, 30 min at 42°C, 5 min at 85°C and maintained at
4°C. The mRNA expression level of miR-193b was deter-
mined using RT-qPCR. Applied Biosystems 7900HT Fast
Real-Time PCR system (Applied Biosystems; Thermo Fisher
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Scientific, Inc.) was employed using 2 ul total RNA with
SYBR Green PCR master mix (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The following primers were used for
RT-qPCR: miR-193b forward, 5-~AGGCAAGAUGCUGGC
AUAGCU-3' and reverse, 5'-CUAUGCCAGCAUCUUGCC
UUU-3"; U6 forward, 5-GCTTCGGCAGCACATATACTA
AAAT-3" and reverse, 5'-CGCTTCACGAATTTGCGTGTC
AT-3". The PCR parameters were as follows: 95° for 45 sec,
followed by 40 cycles of 95°C for 30 sec and 60°C for 45 sec.
Analysis of relative gene expression data was performed using
the 2444 method (15).

Cell culture and transfection. HepG2 human liver cancer
cell line was purchased from the Cancer Research Institute
of Medical College, University of Southern China (Hengyang,
China) and were cultured in RPMI-1640 medium (Invitrogen;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin/strep-
tomycin in a humidified incubator at 37°C with 5% CO, for
between 2 and 3 days. HepG2 cells were seeded onto sterile
6-well flat-bottomed plates [(1-2) x10° cells] and incubated
overnight at 4°C. Subsequently, the cells were transfected with
pre-miR-193b, anti-miR-193b and the control (50 nM) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) at 37°C and the transfected cells were then incubated
for 6 h, prior to removal and replacement of the medium,
at 37°C. pre-miR-193b, 5"AACUGGCCCUCAAAGUCC
CGCU-3" and 5'-CGGGACUUUGAGGGCCAGUUUU-3,
anti-miR-193b, 5~ AGCUAUGCCAGCAUCUUGCCU-3' and
5-AGCGGGACUUUGAGGGCCAGUU-3; controls, 5'-GUA
CCUGACUAGUCGCAGATT-3' and 5-UCUGCGACUAGU
CAGGUACTT-3.

Immunohistochemistry. The tissues samples were fixed using
4% paraformaldehyde for 24 h at room temperature, embedded
in paraffin and divided into 4 pm slices. The tissues samples
were dehydrated with xylene and ethanol (100% ethanol for
5 min, 95% ethanol for 5 min, 80% ethanol for 5 min and
70% ethanol for 5 min; Nanjing Chemical Reagent Co., Ltd.,
Nanjing, China). Subsequently, the sections were incubated
in a blocking solution of 10% normal goat serum and with
rabbit anti-Mcl-1 (dilution, 1:200; catalog no. 94296; Cell
Signaling Technology, Inc., Danvers, MA, USA) at 4°C over-
night and subsequently incubated with anti-rabbit IgG (H+L)
antibody (dilution, 1:500; catalog no. 8889; Cell Signaling
Technology, Inc.) for 1 h at room temperature. The sections
were incubated with streptavidin-biotin complex conjugated
to horseradish peroxidase and diaminobenzene for 10 min
at room temperature. Tissue samples were observed using a
fluorescence microscope (LSM710; magnification, x20; Carl
Zeiss Microscopy GmbH, Jena, Germany).

Cell proliferation. The effect of miR-193b on the prolifera-
tion of liver cancer cells was determined using an MTT assay.
HepG2 cells transfected with miR-193b were seeded onto
sterile 96-well flat-bottomed plates (1x10° cells) and incu-
bated overnight. Subsequently, 0.5 ymol/l MTT (20 pl) was
added into the wells and incubated at 37°C with 5% CO, for
4 h. Following this, 150 1 DMSO was added into each well.
Cell proliferation was evaluated using a microplate reader
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Table I. Patient characteristics.
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Liver cancer group Control group

(n=50) (n=50)

Age, years 57.8+7.1 56.1+8.5
Sex

Female 11 13

Male 39 37
TNM staging

I 7

I

HI-1v 11
Liver cirrhosis

Positive 19 0

Negative 5 30

TNM, tumor-node-metastasis.

Table II. Expression of miR-193b in patients with patients
with later-stage liver cancer.

Crude OR
Variables 95% CI) P-value
Depth of invasion 0.002
T1+T2 1
T3+T4 4,01 (1.23-13.05)
Metastasis 0.08
Negative 1
Positive 3.77 (0.91-13.52)
Tumor differentiation 0.04
Moderate-well 1
Poor 3.82(1.12-12.74)
Lauren type 0.04
Adenocarcinoma 1
Diffusion 4.02 (1.03-15.61)
UICC stage 0.001
I+11 1
II+I1V 11.93 (2.21-39.89)

miR, microRNA; OR, odds ratio; UICC, Union for International
Cancer Control.

(SpectraMax® M2, Molecular Devices, LLC, Sunnyvale, CA,
USA) at 570 nm.

Determination of apoptosis using flow cytometry. The effect
of miR-193b on the proliferation of liver cancer cells was
determined using the MTT assay. HepG2 cells transfected
with miR-193b were seeded onto sterile 6-well flat-bottomed
plates (1-2x10° cells) and incubated overnight. The cells were
stained with 10 ul annexin V-allophycocyanin (eBioscience,
Inc., San Diego, CA, USA) and pl propidium iodide at room
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Figure 1. Expression level of microRNA-193b in patients with liver cancer.
“P<0.01 compared with the control group.

temperature in the dark for 30 min. Subsequently, apoptosis
was evaluated using a FACSCalibur flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA).

Western blotting. HepG2 cells transfected with miR-193b
were prepared using a lysis buffer containing 10 mg/1 apro-
tinin and 10 mg/1 leupeptin. Protein content was quantified
using the Bradford dye-binding procedure. Proteins were
separated by SDS-PAGE (10% gels) followed by electro-
transfer onto polyvinylidene difluoride membranes. The
membranes were blocked with 5% non-fat milk at room
temperature for 1 h and incubated with anti-Mcl-1 (catalog
no. sc-20679; 1:3,000; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA), anti-caspase-3 (catalog no. sc-98785; 1:3,000;
Santa Cruz Biotechnology, Inc.), Bax (catalog no. sc-6236;
1:5,000; Santa Cruz Biotechnology, Inc.) and (3-actin (catalog
no. sc-7210; 1:5,000; Santa Cruz Biotechnology, Inc.) over-
night at 4°C. Membranes were then incubated with anti-rabbit
IgG (H+L; catalog no. sc-2004; dilution, 1:2,000, Santa Cruz
Biotechnology, Inc.) for 1 h at room temperature following
washing with TBST for 15 min. Immunoblots were visualized
by Odyssey V3.0 image scanning (n=3; LI-COR Biosciences,
Lincoln, NE, USA).

Statistical analysis. All data are presented as the mean =+ stan-
dard error and were analyzed using one-way analysis of
variance followed by Tukey's multiple comparison test.
Unconditional logistic regression analysis with odds ratios
(OR) and 95% confidence intervals (95% CI) were used to
estimate the association between the risk of liver cancer and
miR-193b expression levels. P<0.05 was considered to indicate
a statistically significant difference.

Results

Expression level of miR-193b in patients with liver cancer.
The expression level of miR-193b was evaluated in patients
with liver cancer. The expression level of miR-193b in the
normal group was significantly higher compared with in liver
cancer exosomes and whole tissues (P<0.01; Fig. 1).

Association between the clinicopathological features of liver
cancer and the expression level of miR-193b. The association
between clinicopathological features of liver cancer and the
expression level of miR-193b were analyzed. Table II revealed
that downregulated miR-193b was significantly associated
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Figure 2. Association between the overall survival rate of patients with liver
cancer and the expression level of microRNA-193b. 193b, microRNA-193b.
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Figure 3. Expression level of myeloid cell leukemia-1 in patients with liver
cancer. Immunohistochemistry for myeloid cell leukemia sequence 1 expres-
sion analysis (magnification, x20).

with the depth of invasion, metastasis and tumor differentia-
tion stage in patients with liver cancer.

Association between the overall survival rate of patients
with liver cancer and the expression level of miR-193b. In
order to assess the association between the overall survival
rate of patients with liver cancer and the expression level of
miR-193b, the present study analyzed overall survival rate
of all patients with liver cancer and their expression levels
of miR-193b. As presented in Fig. 2, the overall survival rate
of patients with liver cancer with lower miR-193b expression
level is higher compared with that of patients with liver cancer
and an increased miR-193b expression level.

Expression level of Mcl-1 in patients with liver cancer. To
determine the association between the expression of Mcl-1 and
the incidence rate of liver cancer, the expression level of Mcl-1
was determined using immunohistochemistry. The expression
level of Mcl-1 in liver cancer tissue samples was increased
compared with in the control group (Fig. 3).

Effect of miR-193b on cell proliferation of HepG2 cells.
The present study transfected anti-miR-193b plasmids into
HepG2 cells and evaluated the change of cell proliferation. As
presented at Fig. 4A, anti-miR-193b plasmids were transfected
into HepG2 cells and significantly decreased the expression
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Figure 4. Effect of miR-193b expression on cell proliferation of HepG2 cells.
(A) Expression level of miR-193b. (B) Effect of miR-193b on cell proliferation
of HepG2 cells. “P<0.01 compared with the control group. miR, microRNA.
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Figure 5. Effect of microRNA-193b expression on the rate of apoptosis of
HepG2 cells. “P<0.01 compared with the control group.

level of miR-193b in HepG2 cells (P<0.01). Additionally,
downregulation of miR-193b significantly suppressed cell
proliferation of HepG2 cells (P<0.01; Fig. 4B).

Effect of miR-193b on apoptosis of HepG2 cells. The present
study determined the association between the downregulation of
miR-193b on the rate of apoptosis of HepG2 cells. As presented
in Fig. 5, there was a significant increase in the apoptotic rate of
HepG2 cells with a downregulation of miR-193b compared with
in the negative control group (P<0.01).

Effect of miR-193b on the caspase-3 protein expression level
of HepG?2 cells. The present study assessed the association
between anti-miR-193b expression level on the caspase-3
protein expression level in HepG2 cells. Caspase-3 protein
expression of HepG2 cells was significantly increased
by anti-miR-193b transfected into cells compared with the
negative control group (P<0.01; Fig. 6).

Effect of miR-193b on the Bax protein expression level of
HepG?2 cells. To characterize the molecular mechanism
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Figure 6. Effect of miR-193b expression on caspase-3 protein expression level in HepG2 cells. (A) The effect of miR-193b on caspase-3 protein expression level
using western blotting and (B) the statistical analysis of caspase-3 protein expression of HepG2 cells. B-actin was used as a loading control. “P<0.01 compared

with the control group. miR, microRNA.
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Figure 7. Effect of miR-193b on Bax protein expression level in HepG2 cells. (A) Effect of miR-193b on Bax protein expression using western blotting and
(B) quantification of Bax protein expression in HepG2 cells. B-actin was used as a loading control. “P<0.01 compared with the control group. miR, microRNA.
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Figure 8. Effect of miR-193b on Mcl-1 protein expression level in HepG2 cells. (A) Effect of miR-193b on Mcl-1 protein expression level using western blotting
and (B) quantification of Mcl-1 protein expression level in HepG2 cells. B-actin was used as a loading control. “P<0.01 compared with the control group. miR,

microRNA; Mcl-1, myeloid cell leukemia-1.

underlying apoptosis and anti-miR-193b regulation in human
liver cancer, the Bax protein expression level was evaluated
using western blotting. Western blotting demonstrated that
Bax protein expression level of HepG2 cells transfected with
anti-miR-193b was significantly increased compared with the
control group (P<0.01; Fig. 7).

Effect of miR-193b on the Mcl-1 protein expression level in
HepG?2 cells. Initially, the present study assessed the associa-
tion between the downregulation of miR-193b on the Mcl-1
protein expression level in HepG2 cells. Downregulation of
miR-193b expression level significantly suppressed the Mcl-1
protein expression in HepG2 cells (P<0.01; Fig. 8).

Effect of overregulation of miR-193b on cell prolifera-
tion and apoptosis of HepG?2 cells. Subsequently, in order
to determine whether overregulation of miR-193b affects
cell proliferation and apoptosis of HepG2 cells, miR-193b

plasmid was transfected into HepG2 cells. It was revealed
that overregulation of miR-193b significantly increased the
miR-193b expression level, promoted cell proliferation and
suppressed cell apoptosis of HepG2 cells, as presented in
Fig. 9 (P<0.01).

Overregulation of miR-193b on caspase-3 and Bax protein
expression levels in HepG?2 cells. The associations between
the overregulation of miR-193b, caspase-3 and Bax protein
expression levels in HepG2 cells were analyzed. Compared
with their corresponding negative controls, overregulation of
miR-193b significantly suppressed caspase-3 and Bax protein
expression levels in HepG2 cells (P<0.01; Fig. 10).

Overregulation of miR-193b on Mcl-1 protein expression levels
in HepG?2 cells. To further evaluate the associations between
the overregulation of miR-193b and Mcl-1 protein expression
levels of HepG2 cells, the Mcl-1 protein expression level was
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determined using western blotting. The results indicated that ~ Discussion
overregulation of miR-193b significantly suppressed the Mcl-1
protein expression level in HepG2 cells (P<0.01; Fig. 11). Clinically, the most common primary hepatic carcinoma is



the primary hepatocellular carcinoma, which is a malignant
tumor (16). Previous study data statistics have revealed
that, worldwide, annual novel cases of liver cancer in 2008
accounted for ~4.1% of malignant tumors, which has exceeded
626,000 per year, ranking sixth among malignant tumors with
a mortality rate of ~600,000 per year, and ranking third among
cancer-associated mortalities (17). Furthermore, the liver
cancer mortality rate in China was the highest worldwide in
2008 (18). The number of patients with liver cancer accounted
for ~55% of those worldwide in 2010, ranking second among
cancer-associated mortalities, with lung cancer being the
most common (19). In the present study, 50 patients with liver
cancer and 50 normal control patients were recruited. The
results revealed that that the expression level of miR-193b in
the normal group was significantly higher compared with that
of the liver cancer exosome and whole tissue. Downregulated
miR-193b was significantly associated with depth of invasion,
metastasis, tumor differentiation, Lauren type and stage (14) in
patients with liver cancer.

miRNA may interact with multiple cell regulatory genes,
including regulatory factors of apoptosis and cell cycle,
thereby serving a significant role in gene expression (20).
Previous studies have revealed that the majority of miRNA
have downregulated expression level in cancer cells. Thus,
miRNA functions as a cancer suppressor gene in cells (21).
A previous study demonstrated that miRNA had downregu-
lated expression level in liver cancer and participated in the
regulation and control of the signaling pathway of a series of
cancer genes (22). Therefore, the preliminary study of miRNA
has revealed the significance of miRNA as an important
molecular marker in the prediction and diagnosis of hepatocel-
lular carcinoma (23). In the present study, overall survival of
patients with liver cancer and low miR-193b expression level
is higher compared with that of patients with liver cancer and
high miR-193b expression level. Kaukoniemi et al (24) demon-
strated that miR-193b suppressed the proliferation of prostate
cancer cells via cyclin DI.

Mcl-1 is a member of the Bcl-2 family, which is exten-
sively expressed in normal human tissues, and also in human
tumor tissues (25). Furthermore, a previous study revealed
that it has a high expression level in tumors including
Ilymphoma, leukemia, multiple myeloma, lung cancer and
pancreatic cancer (26). Mcl-1 mainly participates in main-
taining the stability of mitochondrial membrane of cells and
inhibiting the release of cytochrome c, thereby promoting
the survival of cells and preventing apoptosis (27). The
subcellular localization of Mcl-1 is closely associated with
cell proliferation (28). In exponential-phase cells, Mcl-1 is
mainly located in the mitochondria; in stationary-phase cells,
Mcl-1 is mainly located in the cell nucleus (8). A previous
study demonstrated that Mcl-1 expression in hepatocellular
carcinoma tissues was mostly located in the cytoplasm,
indicating that hepatocellular carcinoma cells are in a rapid
proliferation period, which corresponds to the biological
characteristics of cancer (8). In addition, Mcl-1 may directly
regulate and control cell differentiation and the cell cycle,
combining Mcl-1 genes and proliferating cell nuclear
antigen, which inhibits cells from entering the S phase, and
an important regulatory factor in cell cycle transcription,
E2F1, may inhibit the expression of Mcl-1 (29). The results
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of the present study demonstrated that downregulation of
miR-193b suppressed cell proliferation and induced apop-
tosis of liver cancer cells and inhibited the expression level
of Mcl-1 protein. Additionally, upregulation of miR-193b
increased cell proliferation and decreased apoptosis of liver
cancer cells and promoted the expression of Mcl-1 protein.
Furthermore, Chen et al (30) revealed that miR-193b regu-
lates Bcl-2 and Mcl-1 in melanoma.

To conclude, the results of the present study demonstrated
that miR-193b is a novel suppressor for human liver cancer
via inhibition of Mcl-1. The resulting expression of miR-193b
regulated cell proliferation and apoptosis of human liver
cancer. These results suggested that miR-193b and Mcl-1
account for the aggressive behavior of human liver cancer.
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