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Abstract: It has previously been reported that microRNA (miR)-155 is linked to the recurrence and prognosis of 
hepatocellular carcinoma (HCC) following liver transplantation. However, the role of miR-155 in the invasion and 
metastasis of HCC cells remains largely unclear. The aim of this study was to investigate the expression of miR-155 
in HCC cells and its role in the invasion and migration of HCC cells in vitro. We found that the level of expression of 
miR-155 in HCC tissues and cells was significantly increased compared with non-tumorous adjacent tissues. Fur-
ther study revealed that recombinant human transforming growth factor-β (TGF-β1) up-regulated the expression of 
miR-155 in HCC cells in vitro. Further, the overexpression of miR-155 in HCC cell line Huh-7 led to increased levels 
of cell invasion and migration compared with untreated control Huh-7 cells. MiR-155-overexpressed Huh-7 cells also 
exhibited altered levels of expression of certain cellular adhesion molecules related to epithelial-mesenchymal tran-
sition (EMT), including low levels of CDH1 and higher levels of FN1, SNAI1 and ZEB1, compared with control Huh-7 
cells. Moreover, it was found that the overexpression of miR-155 and of TGF-β1 protein decreased the expression of 
E-Cadherin and increased the expression of Vimentin in Huh-7 cells. These results indicate that an increased level 
of miR-155 in HCC cells, possibly due to stimulation by TGF-β1, accelerates the process of EMT, promotes cellular 
invasion and migration in vitro, and thereby further promotes the progression of HCC.
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Introduction

Hepatocellular carcinoma (HCC) currently ac- 
counts for more than 5% of all cancer cases 
and is the fifth leading cause of cancer related 
mortality worldwide [1, 2]. Based on a report 
from the National Office for Cancer Prevention 
and Control in China, HCC is the fourth most 
common cancer in China and the third most 
common cause of cancer related mortality [3]. 
In 2015, 466,000 new HCC cases were diag-
nosed in China, with 422,000 recorded deaths 
from the disease (3). Due to the lack of symp-
toms during early stages of HCC and the rapid 
progression of the disease, about 80% of HCC 
patients are diagnosed at an advanced stage 
[4]. Liver resection and orthotopic liver trans-

plantation are often applied as the only curative 
treatments for HCC, and the prognosis is poor 
in cases where the tumor cannot be surgically 
removed [5]. Despite major efforts in past 
decades, the precise molecular mechanisms of 
HCC still remain uncertain, and the available 
therapeutic options to retard disease progres-
sion remain limited.

During disease progression, carcinoma cells 
from the solid tumor can escape as a result of 
dedifferentiation of epithelial cells which occurs 
by loss of cell-to-cell contact, and these cells 
subsequently gain migratory and invasive abili-
ties [6]. This phenotypical conversion of cells, 
generally designated as epithelial-mesenchy-
mal transition (EMT), has been described in 
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several different types of carcinoma cells in- 
cluding HCC [7-9]. There is increasing evidence 
to suggest that hepatocellular EMT plays a piv-
otal role in the metastatic progression of HCC.

MicroRNAs (miRNAs) are non-coding, single 
stranded RNAs of 22 nucleotides, processed 
from endogenous precursor RNAs with stem-
loop structures that play important roles in can-
cer pathogenesis acting as either oncogenes or 
tumor suppressors [10]. MiR-155 acts as an 
oncogene and is up-regulated in several human 
cancers, including HCC [11]. It has been report-
ed that miR-155 promotes EMT and cancer 
stem cell phenotypes [12, 13]. However, it is 
still unclear whether and how miR-155 regu-
lates EMT, invasion and metastasis of HCC 
cells. 

Against this background, this present study 
was undertaken to investigate the cellular 
expression and effect of miR-155 on EMT-
related molecules, as well as on the invasion 
and migration of HCC cells in vitro. It was antici-
pated that the results would inform and extend 
current understanding regarding the molecular 
mechanisms of HCC.

Materials and methods

Tissue collection

Fresh HCC tumor tissue samples were obtained 
from 32 cases (male patients: 28 cases; female 
patients: 4 cases) as well as paired fresh tissue 

HCC cell line HepG2 was donated by the Life 
Sciences Department of Soochow University. 
Cells were cultured in the recommended medi-
um supplemented with 10% fetal bovine serum 
(FBS, Hyclone, Logan, UT, USA). Cells were incu-
bated at 37°C in a humidified atmosphere con-
taining 5% CO2.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

qRT-PCR was performed to determine the 
expression levels of miR-155 and EMT related 
genes (CDH1, FN1, SNAI1 and ZEB1). Total RNA 
was isolated and extracted from tissues or 
cells, and reverse transcribed into cDNA using 
a miScript II RT Kit (Invitrogen, USA) according 
to the manufacturer’s instructions. The qRT-
PCR reactions were performed using an ABI- 
7500 real-time RCR System (Applied Biosy- 
stems, Foster City, CA, USA) and miScript SYBR 
Green PCR Kit (Qiagen, USA). The relative ex- 
pression levels of miR-155, CDH1, FN1, SNAI1 
and ZEB1 were analyzed using the 2-ΔΔCT rela-
tive quantification method with human U6 as 
an internal control in the case of miR-155, and 
β-actin as an internal control for the EMT relat-
ed genes. The sequences of the primers were 
described in Table 1. All assays were performed 
in triplicate.

Enzyme-linked immunosorbent assay (ELISA)

HL-7702, Huh-7, SMMC-7721 and HepG2 cells 
(1×105 cells/well) were seeded in 24-well plates 

Table 1. Sequences of the primers
Gene Primer sequence
MiR-155 Forward, 5’-UUAAUGCUAAUCGUGAUAGGGGU-3’;

Reverse, 5’-CCCUAUCACGAUUAGCAUUAAUU-3’
U6 Forward, 5’-CTCGCTTCGGCAGCACA-3’;

Reverse, 5’-AACGCTTCACGAATTTGCGT-3’
CDH1 Forward, 5’-TGGGCCAGGAAATCACATCC-3’;

Reverse, 5’-CCCCGTGTGTTAGTTCTGCT-3’
FN1 Forward, 5’-CCCAATTGAGTGCTTCATGCC-3’; 

Reverse, 5’-AACTCCCAGGGTGATGCTTG-3’
SNAI1 Forward, 5’-ACCCCAATCGGAAGCCTAAC-3’;

Reverse, 5’-TGGCTTCGGATGTGCATCTT-3’
ZEB1 Forward, 5’-CTGCTGGGAGGATGACACAG-3’;

Reverse, 5’-ATGACCACTGGCTTCTGGTG-3’
β-actin Forward, 5’-CTGGGACGACATGGAGAAAA-3’;

Reverse, 5’-AAGGAAGGCTGGAAGAGTGC-3’

samples from adjacent non-tumorous 
tissues, at the time of surgery. All  
tissues were confirmed by histopatho-
logical evaluation. Tumor dimensions 
were measured by a pathologist upon 
sampling, and the maximal tumor 
diameter was recorded. Informed con-
sent was obtained from all patients 
prior to the outset of the study, and the 
study protocol was approved by the 
institutional ethics committee of the 
First Affiliated Hospital of Soochow 
University, Jiangsu, China. 

Cell culture

Human HCC cell lines Huh-7 and 
SMMC-7721, along with Human liver 
HL-7702 cells, were purchased from 
the cell bank of the Chinese Academy 
of Sciences, Shanghai, China. Human 
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for 48 h. The cell culture supernatants were 
then harvested, centrifuged to remove cellular 
debris, and then stored at -80°C until their 
analysis by ELISA. The TGF-β1 secretion levels 
of the supernatants were detected by human 
TGF-β1 ELISA kits (Shanghai ExCell Biology, Inc, 
Shanghai, China) according to the manufactur-
er’s instructions. All experiments were repeat-
ed three times.

Treatment with TGF-β1

Huh-7 cells (2×105 cells/well) were incubated 
with or without recombinant human TGF-β1 
protein (100 ng/ml, R&D Systems, USA) for 48 
h. The cells were then collected for qRT-PCR 
analysis or flow cytometry (FCM) assay to ana-
lyze expression of miR-155 and cell adhesion 
molecules as indicators of EMT (E-Cadherin 
and Vimentin).

Overexpression of miR-155 in Huh-7 cells

The miR-155 mimic lentivirus (miR-155) and  
its corresponding control miRNA lentivirus 
(C-miRNA: Negative ctrl) were constructed by 
GenePharma (Shanghai, China). Overexpres-
sion of miR-155 in cells, and the corresponding 
control stable cell lines were then established. 
The efficiency of overexpression of miR-155 in 
cells was verified by qRT-PCR.

Wound healing assays

After Huh-7 (Negative ctrl or miR-155 group) 
cells had been grown to approximately 100% 

invasion chamber. Briefly, the cell inserts (8-um 
pore size, 6.5-mm diameter, Corning, USA) 
coated with 20 uL of matrigel (BD, USA) were 
placed in a 24-well plate. A total of 2 ×104 cells/
well was seeded in the upper chamber (media 
containing 1% charcoal stripped fetal calf 
serum (FCS)). The lower chamber was filled with 
800 uL of culture medium containing 5% char-
coal stripped FCS. The cells were then incubat-
ed at 37°C for 48 h. The inserts were then 
removed, washed in PBS, and the non-invading 
cells together with the matrigel were removed 
from the upper surface of the filter by wiping 
with a cotton bud. The inserts were then fixed 
in methanol for 10 min at room temperature 
and stained with hematoxylin. The cells were 
observed under an Olympus BX51+DP70 micro-
scope (Olympus, Tokyo, Japan). The cells that 
had migrating to the lower surface of the insert 
were counted in five predetermined fields, at a 
magnification of ×200. The invasion index for 
each group was calculated as the ratio of the 
numbers of cells that had migrated to the lower 
surface of the insert, to the number in the vehi-
cle control. Each experiment was carried out in 
triplicate, and repeated three times.

Western blotting

Cells were harvested and lysed at room tem-
perature in RIPA Lysis and Extraction Buf- 
fer (Thermo Fisher Scientific, Waltham, MA). 
Samples containing equal amounts of protein 
were separated by 12.5-15% SDS-PAGE elec-
trophoresis, followed by electrotransferrenced 

Figure 1. Expression of miR-155is elevated in HCC tissues and cell lines. A: 
qRT-PCR analysis of miR-155 expression in HCC tissues (n=32) and paired 
adjacent normal tissues. Ctrl: adjacent normal tissues; Tumor: HCC tis-
sues. B: qRT-PCR analysis of miR-155 expression in HCC cell lines (Huh-7, 
SMMC-7721 and HepG2) and human liver cell line HL-7702. The data are 
expressed as means ± SEM. *P<0.05, **P<0.01 and ***P<0.001. 

confluence in a 6-well cell cul-
ture plate, wound healing as- 
says were performed using a 
200-μl sterile pipette tip to 
make a scratch in the confluent 
monolayer of cells. The previ-
ous culture medium was then 
replaced with serum-free medi-
um. The cells were maintained 
at 37°C in 5% CO2. Cells were 
counted under a microscope in 
five marked fields of view at 0 
and 24 h, to assess the rate of 
gap closure.

Matrigel invasion assay

The invasive potential of Huh- 
7 (Negative ctrl or miR-155 
group) cells across matrigel 
was evaluated objectively in an 
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onto polyvinylidene fluoride (PVDF) membranes 
(Bio-Rad Laboratories, USA). The nitrocellulose 
blots were then incubated with antibodies un- 
der the manufacturer’s recommended condi-
tions. The primary antibodies used were anti-
CDH1 (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA), anti-SNAI1 (Santa Cruz Biotechnolo- 
gy), anti-ZEB1 (Santa Cruz Biotechnology), and 
anti-β-actin (Cell Signal Technology, USA). Hor- 
seradish peroxidase-conjugated or anti-rabbit 
antibody (Santa Cruz Biotechnology) was used 
as the secondary antibody. Signals were detect-
ed using an enhanced chemiluminescence sys-
tem (Millipore, Billerica, MA).

FCM

The Huh-7 (Negative ctrl or miR-155 group) 
cells were cultured, or Huh-7 cells were treated 
with or without TGF-β1 protein (100 ng/ml, R&D 
Systems) for 48 h. The cells were then collect-
ed, washed with phosphate buffer saline (PBS), 
and then labeled with mouse anti-human E- 
Cadherin and Vimentin antibodies (BD, USA). 
Isotypic control antibodies were used. After 
incubation in darkness for 30 min at room tem-
perature, cells were analyzed immediately by a 
flow cytometer (FACS Calibur, BD, USA).

Statistics

All values are presented as means ± SEM. The 
data were analyzed with GraphPad Prism ver-

sion 5 using t-tests or one-way ANOVAs to 
detect differences between groups. Differences 
were considered to be statistically significant 
when P<0.05.

Results

Expression of miR-155 in HCC tissues and cell 
lines was significantly increased

We first analyzed the expression levels of miR-
155 in HCC tissues and cell lines. As shown in 
Figure 1, expression of miR-155 was signifi-
cantly increased in HCC tissues compared  
with adjacent normal (non-tumorous) tissues 
(P<0.01) (Figure 1A). In addition, expression of 
miR-155 was significantly higher in the three 
HCC cell lines (Huh-7, SMMC-7721 and HepG2) 
compared within human liver HL-7702 cells 
(P<0.05 or P<0.001) (Figure 1B), especially in 
the case of SMMC-7721 and HepG2 cells 
(P<0.001) (Figure 1B). These data indicate that 
the level of expression of miR-155 is associat-
ed with the biological regulatory behavior of 
HCC cells. According to the relatively low level 
of expression of miR-155 in Huh-7 cells, these 
cells were selected for further study in vitro.

TGF-β1 up-regulates the level of miR-155 in 
Huh-7 cells

Recent research has showed that TGF-β1 can 
regulate miR-155 expression in cancer stem 

Figure 2. TGF-β1 up-regulates the level of miR-155 expression in Huh-7 cells. A: The secretion level of TGF-β1 from 
HCC cell lines (Huh-7, SMMC-7721 and HepG2) and human liver cell line HL-7702, as determined by ELISA. B: The 
correlation between the miR-155 expression and TGF-β1 secretion in Huh-7 cells (R2=0.484). C: After stimulation 
with recombinant human TGF-β1 protein (100 ng/ml) for 48 h, qRT-PCR was used to analyze miR-155 expression 
in Huh-7 cells. TGF-β1: recombinant human TGF-β1 protein. The data are expressed as means ± SEM. *P<0.05, 
**P<0.01 and ***P<0.001. 
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cells [12]. To explore the possible regulatory 
relationship between TGF-β1 and miR-155 in 
HCC, we analyzed the expression level of TGF-
β1 in HCC cells by ELISA. As shown, the secre-
tion level of TGF-β1 from cells of all three HCC 
cell lines (Huh-7, SMMC-7721 and HepG2) was 
higher than that from human liver HL-7702  
cells (P<0.05, P<0.01 or P<0.001) (Figure 2A). 
Further analysis revealed that there was a sig-
nificant positive correlation between the miR-
155 expression level and TGF-β1 secretion 
(R2=0.485, P<0.001) (Figure 2B). In addition, 
TGF-β1 protein markedly increased the expres-
sion of miR-155 in Huh-7 cells (P<0.01) (Figure 
2C). These data suggest that the observed up-

regulation of miR-155 in HCC cells may be 
mediated by high expression of TGF-β1.

MiR-155 promotes the invasion and migration 
of Huh-7 cells in vitro

To explore whether miR-155 is involved in  
regulating the invasion and metastasis of HCC 
cells, we constructed miR-155-overexpressed 
Huh-7 cells by transfection with miR-155 mimic. 
Expression of miR-155 was found to be signifi-
cantly higher in the transfected Huh-7 cells 
compared with the negative control cells, con-
firming that overexpression had been achieved 
(P<0.001) (Figure 3A). Further analysis revealed 

Figure 3. MiR-155 promotes the invasion and migration of Huh-7 cells in vitro. A: The construction of miR-155 
overexpression in Huh-7 cells by transfection. B: Matrigel invasion assay analysis of Huh-7 cells after transfection. 
C: Wound healing assay results for Huh-7 cells after transfection. Blank: Huh-7 cells transfected without miRNA 
lentivirus; Negative Ctrl: Huh-7 cells transfected with the control miRNA lentivirus; miR-155: Huh-7 cells transfected 
with the miR-155 mimic lentivirus. The data are expressed as means ± SEM. ***P<0.001. NS: no statistically dif-
ference.
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Figure 4. MiR-155 promotes EMT of HCC cells in vitro. A-D: qRT-PCR analysis of the expression of EMT related genes 
CDH1, FN1, SNAI1 and ZEB1 in Huh-7 cells; E: Western Blotting analysis of CDH1, SNAI1 and ZEB1 protein levels 
in Huh-7 cells. Negative Ctrl: Huh-7 cells transfected with the control miRNA lentivirus; miR-155: Huh-7 cells trans-
fected with the miR-155 mimic lentivirus. The data are expressed as means ± SEM. **P<0.01 and ***P<0.001.

that this overexpression of miR-155 significant-
ly enhanced the invasiveness of Huh-7 cells 
when compared with the control group (P< 
0.001) (Figure 3B). Moreover, the overexpres-
sion of miR-155 led to a high level of migration 
ability of Huh-7 cells in vitro (P<0.001) (Figure 
3C). These results suggest that the elevated 
level of miR-155 expression gives rise to an 
increase in the invasion and migratory ability of 
HCC cells.

TGF-β1/miR-155 signaling promotes EMT of 
HCC cells 

To identify the possible mechanisms by which 
miR-155 regulates the invasion and migratory 
abilities of HCC cells, we analyzed the expres-
sion of EMT related molecules in Huh-7 cells. 
As shown in Figure 4, our results demonstrated 
that the overexpression of miR-155 down-regu-
lated the transcription level of CDH1 (P<0.01) 
(Figure 4A), and up-regulated the transcription 
levels of FN1 (P<0.01) (Figure 4B), SNAI1 (P< 
0.001) (Figure 4C) and ZEB1 (P<0.001) (Figure 
4D) in Huh-7 cells, compared with the nega- 
tive control group. The results of the Western 
Blotting analysis were consistent with this, 
showing that miR-155-overexpressed Huh-7 
cells had a visibly lower level of expression of 
CDH1, and a higher expression of SNAI1, than 
the control group cells (Figure 4E). 

Finally, FCM was performed to evaluate the 
effect of TGF-β1/miR-155 expression on the 
expression of the EMT related cell adhesion 
molecules E-Cadherin and Vimentin, in Huh-7 
cells. We found that expression of TGF-β1 pro-

tein (as a positive control) in the TGF-β1 treated 
Huh-7 cells, led to a marked decrease in the 
expression of E-Cadherin (P<0.001) (Figure 
5A-D), and a significant increase in the expres-
sion of Vimentin (P<0.001) (Figure 5A-D), com-
pared with untreated negative control group 
cells. Similarly, the overexpression of miR-155 
also resulted in a marked decrease in expres-
sion of E-Cadherin and an increase in the 
expression of Vimentin expression in Huh-7 
cells (P<0.05 or P<0.01) (Figure 5A-D). These 
findings suggest that TGF-β1/miR-155 signal-
ing promotes EMT of HCC cells, and further trig-
gers the invasion and migration of HCC cells in 
vitro.

Discussion

In recent years, miRNAs have become a major 
focus of research in the fields of tumor invasion 
and metastasis [14, 15]. As a multifunctional 
miRNA, miR-155 plays a crucial role in a variety 
of physiological and pathological processes, 
such as hematopoietic lineage differentiation, 
progression of cardiovascular and cancer dis-
eases, and diabetes [16-19]. As an oncogene, 
miR-155 has been shown to be overexpressed 
in several types of human cancers, including 
hepatocellular carcinoma [11], laryngeal can-
cer, osteosarcoma, bladder cancer, breast can-
cer, gastric cancer, pancreatic cancer, and is 
closely related to the metastasis and prognosis 
of malignant tumors [20-25]. In the present 
study, we found that the expression of miR-155 
was significantly increased in HCC tissues and 
cell lines. In breast cancer, there are several 
strands of evidences that have shown that miR-
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155 is the key factor in breast cancer metasta-
sis. It promotes proliferation of breast cancer 

cells, and is closely correlated with lymph node 
metastasis, as well as the stage and prognosis 

Figure 5. TGF-β1/miR-155 signaling promotes EMT of HCC cells in vitro. A-D: The Huh-7 cells (Negative ctrl or miR-
155 group) were cultured, or Huh-7 cells were treated with or without TGF-β1 protein (100 ng/ml) for 48 h. The cells 
were then collected and analyzed for the expression of E-Cadherin and Vimentin by FCM. Negative Ctrl: Huh-7 cells 
transfected with the control miRNA lentivirus; miR-155: Huh-7 cells transfected with the miR-155 mimic lentivirus. 
TGF-β1: recombinant human TGF-β1 protein. The data are expressed as means ± SEM. *P<0.05, **P<0.01 and 
***P<0.001.
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of the cancer [26]. In the present study, the 
overexpression of miR-155 led to increased 
invasive and migratory abilities of Huh-7 cells, 
suggesting that miR-155 promotes the invasion 
and migration of HCC cells, and may further 
accelerate the progression of HCC. However, 
the molecular mechanisms behind the regula-
tion of miR-155 expression and its role in HCC 
invasion and metastasis have not yet been fully 
elucidated.

Metastasis is the primary cause of death in 
cancer patients, and EMT is predicted to be 
necessary for metastatic progression. Cells 
that have undergone EMT are endowed with 
the ability to transmigrate basement mem-
branes and stromal tissues as well as to intrav-
asate and pass through the circulatory system. 
In physiological terms, this process is an impor-
tant event in both the early stages of embryonic 
development and in pathophysiological situa-
tions such as wound healing, chronic inflamma-
tion and carcinoma progression. There is a 
large body of evidence showing that chronic 
inflammation and fibrosis with increased TGF-β 
expression, stimulates hepatocytes to change 
their phenotype, functions and the EMT pro-
cess in order to escape apoptosis which is  
the basis for hepatocarcinogenesis [27-30]. 
TGF-β1 levels are apparently up-regulated in 
colon, esophageal, gastric, hepatocellular and 
pancreatic cancer, and are correlated with 
tumor progression, metastasis and angiogene-
sis, which are in turn related to poor prognostic 
outcome [31, 32]. ELISA results in the present 
study showed that TGF-β1 secretion levels were 
significantly increased in cells of HCC cell lines 
and that is was correlated with increased 
expression of miR-155, which is consistent with 
these previous reports suggesting a key role of 
TGF-β1 in cancer progression.

It has been reported that miR-155 induces the 
occurrence of EMT in breast cancer, and fur-
ther promotes tumor metastasis. Knockdown 
of miR-155 in breast cancer cells can signifi-
cantly inhibit EMT induced by TGF-β, and greatly 
reduces the metastasis rate of tumor cells. The 
up-regulation of miR-155 promotes the inva-
sion and metastasis of breast cancer cells by 
reducing the expression of RhoA protein [33]. 
These studies have suggested that there is a 
close regulatory relationship between TGF-β 
and miR-155 in cancer cells. In the context of 
the present study, we next observed that the 

secretion levels of TGF-β and them RNA ex- 
pression levels of miR-155 in Huh-7 cells were 
positively correlated. Further analysis showed 
that the treatment of Huh-7 cells with TGF-β1 
led to a marked increase in miR-155 expres-
sion in these cells, compared with control cells. 
These results suggest that elevated levels of 
miR-155 in HCC tissues and cell lines could be 
mediated by an increase in the levels of secret-
ed TGF-β1.

EMT involves the cellular loss of epithelial cell 
markers, such as E-cadherin accompanied by 
increased expression of mesenchymal mark-
ers, such as N-cadherin, a loss of tight junc-
tions, cytoskeletal reorganization and an in- 
crease in cell migration and invasion [34]. This 
process is driven by transcription factors such 
as SNAI1. Against this background, we evaluat-
ed the effect of miR-155 and TGF-β1 on these 
EMT related genes, and found that the overex-
pression of miR-155 in Huh-7 cells significantly 
up-regulated the expression of FN1, SNAI1, 
ZEB1 and Vimentin, and down-regulated the 
expression of CDH1 and E-Cadherin, further 
promoting the process of EMT in HCC cells.

Previous studies have shown that miR-122 
reduces the expression of certain mesenchy-
mal markers such as vimentin, and decreases 
tumor cell migration and invasion in vitro, as 
well as reducing celluar proliferation, angiogen-
esis and intrahepatic metastasis in vivo by reg-
ulation of the target gene ADAM17 (metallopro-
tease 17, a sheddase) in metastatic HCC cell 
lines. Thus, in addition to miR-155, there may 
well be other miRNAs involved in the regulation 
of EMT of HCC cells. The specific miRNAs and 
their bimolecular roles in HCC progression 
need to be further researched.

Collectively, the findings of the present study 
have demonstrated that the aberrant high 
expression of miR-155 in HCC tissues and cell 
lines promotes the process of EMT, invasion 
and migration of HCC cells in vitro, by regulating 
the expression of certain EMT related mole-
cules (CDH1, FN1, SNAI1, ZEB1, E-Cadherin 
and Vimentin). Under the stimulation of TGF-β1, 
the expression of miR-155 in HCC cells is  
further up-regulated, and contributes to the 
progression of HCC by the stimulation of EMT, 
invasion and metastasis. These results further 
add to our understanding about the biological 
function and role of miR-155 in HCC cells. 
However, there are still a number of gaps in 
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understanding which need to be addressed by 
further research. In particular, the mechanism 
by which TGF-β1 regulates expression of miR-
155 in HCC cells.
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