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Original Article
MicroRNA-134 inhibits HCC cell growth and migration 
through the AKT/GSK3β/SNAIL signaling pathway
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Abstract: MicroRNAs (miRNAs) are a class of small non-coding RNAs that regulate gene expression at both  
transcriptions and at post-transcriptional level. The present study was to investigate the pathogenic implications 
of miRNA in hepatocellular carcinoma (HCC) cells and further analyze its characteristics. We found that different 
expression profiles of miRNAs in tumor and adjacent tissue by miRNA microarray. MiR-134 expression was signifi-
cantly decreased in human tumors and cancer cells. We demonstrate that miR-134 inhibits cancer cell proliferation, 
migration and induced apoptosis. Further, GSK3β was identified as a direct target of miR-134, and established the 
molecular and functional links between miR-134, GSK3β and migration in vitro. We also uncover the molecular 
pathways through regulating the AKT/GSK3β/SNAIL signaling pathway. Taken together, our findings provide a prom-
ising and potential therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth 
most common cancer globally and the second 
most lethal cancer all over the world [1-3]. Due 
to the strongest invasion, the fastest metasta-
sis of HCC, HCC is also diagnosed at an 
advanced stage [4]. Although traditional thera-
py for the advanced stage of HCC is not very 
efficient, including surgical resection, trans-
catheter arterial chemoembolization and liver 
transplantation, etc, cytotoxic chemotherapy is 
still the important treatment method [5]. 
However, metastasis is a significant cause to 
the high mortality in patients with HCC [6]. The 
mechanism of metastasis begins when tumor 
cells break away and grow independently from 
a primary tumor while migrating through the 
extracellular matrix. Then, the cells arrested at 
a distant organ site, micrometastasis forma-
tion and metastatic colonization [7, 8]. Each 
step contributes to intrinsic (i. e., genetic) and 
extrinsic (i. e., microenvironmental signals) fac-
tors. Many molecules involve to this process, 
and some of these molecules are involved in 

the mechanical aspects, whereas others regu-
late signaling pathways [9].

MicroRNAs (miRNAs) are small, endogenous, 
nonprotein-coding RNA molecules, which bind 
to complementary sequences in the 3’ untrans-
lated region (3’ UTR) of multiple target mRNAs. 
MiRNAs are dysregulated in diverse biological 
processes, including proliferation, differentia-
tion, development, apoptosis, immunity, and 
carcinogenesis [10]. This miRNA has been 
linked to participate in cancer development in 
humans [11-14]. However, the functions and 
mechanisms of miRNA-mediated regulation of 
HCC metastasis or recurrence are largely 
unknown.

Migration is a key phenotypic characteristic of 
many cancer cells [15]. MiR-145 was found to 
positively modulate tumor invasion and metas-
tasis in HCC by acting on the FAK gene [16]. 
MiR-625 was found to inhibit invasion in HCC 
cell by downregulating the expression of the 
IGF2BP1 gene [17]. MiR-331-3p is a miRNA that 
has been demonstrated to modulate HCC inva-
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sion and metastasis by decreasing PH domain 
and leucine-rich repeat protein phosphatase 
[18]. By far miRNAs play crucial roles in modu-
lating the invasion and migration of HCC, result-
ing in changes of cell adhesion, movement and 
some related adhesion and cytoskeletal mole-
cules, where this is a multistep carcinogenesis 
process [19]. 

As a result, we discovered that miR-134 is 
downregulated in human HCC tissue through 
the miRNA array and miR-134 acted as a tumor 
suppressor through inhibiting AKT/GSK3β/
SNAIL pathway. These findings provide a frame-
work for better understanding the pathogene-
sis of HCC.

Materials and methods

Human tissue samples

Frozen tissues from 25 HCC cases were col-
lected from the Department of liver and gall 
surgery, the Affiliated Hospital of Qingdao 
University (Qingdao, China) between March 
2009 and September 2011. Patients included 
20 men and 5 women. The mean ages of the 
patients at the time of surgery were 53.7 years 
for men and 53.8 years for women. All patients 
provided prior consent and approval of the 
Affiliated Hospital of Qingdao University. The 
study protocol was approved by the Ethics 
Committee of the Affiliated Hospital of Qingdao 
University.

Cell cultures and oligonucleotide transfection

The human HepG2, Hep3B and SMMC7721 
HCC cell lines, L02 liver normal cell line, 293 
cells were purchased from the Cell Bank Type 
Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China). Cells were routine-
ly cultured in DMEM (Hyclone, Thermo Fisher 
Scientific, Waltham, MA, USA) supplemented 
with 10% FBS (Gibco, Invitrogen, Carlsbad, CA, 
USA) at 37°C in a humidified atmosphere of  
5% CO2. For miR-134 overexpression, cells 
were transfected with 100 nmol/L of miR-134 
mimics, which are synthesized by Genepharma 
(Shanghai, China). For inhibition, cells were 
transfected with anti-miR-134 (also named 
miR-134 inhibitors), which are chemically syn-
thesized by Genepharma (Shanghai, China). 
The sequences were as follows: for miR-134 
mimics, 5’-UGUGACUGGUUGACCAGAGGGG-3’; 

for the negative control oligonucleotide, 5’- 
CGUCAGU UCCGUTTACGUAACGU-3’; for miR-
134 inhibitors, 5’-CCCCUCUGGUCAACCAGUCA- 
CA-3’. The entire transfection process was com-
pleted using Lipofectamine 2000 (Invitrogen), 
according to the manufacturer’s instructions. 
Cells were collected 48 h later for migration 
and western blot assays.

Quantitative RT-PCR (qRT-PCR) analysis of 
mRNA and miRNA expression

Total RNA from tissues and cells was extracted 
using RNAiso reagent (Takara Bio Inc., Shiga, 
Japan) for both mRNA and miRNA analyses. For 
GSK3β mRNA detection, complementary DNA 
was synthesized using the PrimeScript RT 
reagent kit (Takara Bio Inc., Shiga, Japan) and 
qRT-PCR was performed using SYBR green pre-
mix Ex Taq (Takara Bio Inc., Shiga, Japan) and 
were normalized to levels of GAPDH mRNA. The 
following primers were used: GSK3β forward, 
5’-TGGTCGCCAT CAAGAAAGTATTG-3’; GSK3β 
reverse, 5’-GCGTCTGTTTGGCTCGACTAT-3’; GAP- 
DH forward, 5’-TCATGGGTGTGAACCATGAGAA-3’; 
GAPDH reverse, 5’-GGCATGGACTGTGGTCATG- 
AG-3’. For analysis of miR-134 expression, qRT-
PCR analyses were carried out using the All-in-
One miRNA qRT-PCR Detection Kit (Gene- 
Copoeia, Rockville, MD, USA) according to the 
manufacturer’s instructions (LightCycler 480 II, 
Roche) and using small nuclear U6 RNA as an 
internal standard. Relative expression was cal-
culated using the 2-ΔΔCT method. All qRT-PCR 
analyses were carried out in triplicate, and data 
presented were generated from the means 
standard errors. 

Luciferase reporter assay

HEK 293 cells were plated in 24-well plates at 
a density of 3 × 104 cells per well. Cells were 
transfected with 50 ng psiCHECK2 recombina-
tion vector and miR-134 mimics or anti-
miR-134. Three replicates were made for each 
transfection. The pRL-TK vector (Promega, 
Madison, WI, USA) encoding Renilla luciferase 
was cotransfected as internal control. Relative 
Firefly and Renilla luciferase activities were 
evaluated with the Dual-Glo luciferase system 
(Promega) and measured with a multi-well fluo-
rescence reader (Tecan SAFIRE) at 48 h after 
transfection. Firefly luciferase activity was nor-
malized to Renilla luciferase activity.
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Western blot analysis 

Cells were lysed in cell RIPA buffer (Beyotime, 
Shanghai, China) in the presence of a protease 
inhibitor cocktail (Sigma Aldrich, Louis, MO, 
USA), and protein content was quantified by 
BCA methods. 30 μg total cellular protein was 
fractionated by 12% (w/v) SDS-PAGE and  
electronically transferred to 0.45 μm PVDF 
membrane (Millipore). The membrane was 
blocked for 2 hours in TBS-Tween 20 (TBST) 
containing 5% (w/v) non-fat milk, and incubated 
with primary antibody for 1 h at room tempera-
ture. The membrane was washed three times in 
TBST and incubated with secondary antibody 
for 1 h. GSK3β was measured by monoclonal 
anti-GSK3β antibody (Cell Signaling Technology, 
Danvers, MA). Total and phosphorylation AKT 
was detected by monoclonal anti- total AKT and 
phospho-AKT antibody (Cell Signaling Techno- 
logy, Danvers, MA). Monoclonal anti-SNAIL, 
anti-GAPDH antibody was used to detect total 
β-catenin protein. SNAIL was detected by 
monoclonal SNAIL antibody (Cell Signaling 
Technology, Danvers, MA). GAPDH protein was 
used as reference (Cell Signaling Technology, 
Danvers, MA), and the secondary antibody was 
HRP-conjugated goat anti-rabbit IgG and HRP-
conjugated goat anti-mouse IgG. Membranes 
were washed and followed by detection and 
visualization using ECL Western blot detection 
reagents (Pierce Biotechnology, Rockford, IL).

Cell invasion assay

For the invasion assay, 5 × 104 HepG2 cells 
were transfected with miR-134 mimics, anti-
miR-134 or negative control oligonucleotides, 
and were placed in the upper chamber of each 
Matrigel-coated insert (BD Biosciences, Bille- 
rica, MA, USA) with a non-coated membrane. 
Then DMEM containing 10% FBS was added to 
the lower chamber as a chemoattractant. After 
incubation at 37°C for several hours, non-
migrating cells were removed from the upper 
part of the insert with cotton swabs. Cells 
adhering to the lower membrane surface were 
stained with 0.1% crystal violet in 20% metha-
nol. Cells that had migrated into the lower 
membrane were manually counted in five ran-
domly chosen fields under a microscope, and 
photographs were taken using a microscope 
equipped with an automatic photomicrograph 
system (Leica, Germany).

Wound healing assay

Wound healing assay was carried out to deter-
mine the cell migration ability by transfecting 
miR-134, anti-miR-134. HepG2 cells were 
seeded into 6-well dishes and grew until 80%-
90% confluence. Sterilized one-milliliter pipette 
tip was used to generate wounding across the 
cell monolayer, and the debris was washed with 
PBS. Migration of cells into the wound was then 
observed at different time. Cells migrated into 
the wounded area or protruded from the border 
of the wound were visualized and photographed 
under the inverted microscope at the indicated 
time. A total of ten areas were selected ran-
domly in each well by a 100 × magnification 
and cells in three wells of each group were 
quantified in each experiment. The experiment 
was done in triplicate.

Cell viability assay

Cell viability was assessed by MTT method. 
Briefly, cells were seeded in 96-well plate at a 
density of 1 × 104 cells/well. After 24 h incuba-
tion, cells were treated with miR-134, anti-
miR-134 or the blank vector (mock) was added 
to the cells while only DMSO (solvent) was 
added as a blank control. After growing for 24, 
48 and 72 h, cells were incubated with MTT 
(0.5 mg/mL) for 4 h at 37°C. During this incuba-
tion period, water-insoluble formazan crystals 
were formed, which were dissolved by the addi-
tion of 100 μL/well DMSO. The optical densi-
ties (OD) at 570 nm were measured using an 
enzyme-linked immunosorbent assay plate 
reader. Wells containing culture medium and 
MTT but no cells acted as blanks. Each cell 
viability assay was performed in quadruplicate 
and repeated three times.

Statistical analysis

All data were expressed as mean ± standard 
error of measurement and analyzed using SPSS 
version 13.0 (SPSS, Chicago, IL, USA), and 
significance determined with two-tailed Stu- 
dent’s t-test. Data were considered statistically 
significant at P < 0.05.

Results 

MiR-134 is downregulated in hepatocellular 
carcinoma

HCC often presents with multiple tumors, with 
only approximately 25% of tumors originating 
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from de novo lesions. Despite the observation 
that up to 75% of HCC tumors within a given 
patient’s liver are clonally related, the precise 
genomic profiles, and therefore likely the phe-
notypes, are different among tumor and adja-
cent tissues [20]. Accordingly, we compared 
miRNA expression profiles between tumor and 
adjacent tissues of the hepatocellular carcino-
ma patient by microRNA microarray. The pat-
tern of miRNA expression in tumor tissues was 
markedly different from the adjacent tissues. 
After normalization, the expression profiles of 
1867 miRNAs were determined between tumor 
and adjacent tissues, revealing 19 upregula-
tions and 85 downregulations (Figure 1A). The 
most differentially expressed miRNAs were 
identified and summarized in Table 1. 

Among the shared 27 significantly decreased 
miRNAs, we focused on miR-134 because it 
exhibited more than 40 fold decreased. To fur-
ther address the relationship between miR- 
134 and HCC patients, we analyzed miR-134 

expression levels in all 25 pairs of HCC tumors 
and matched tumor adjacent tissues by qRT-
PCR (Figure 1B). The result was similar to the 
expression pattern using the miRNA microar-
ray. HepG2, Hep3B and SMMC7721 cell lines, 
compared with normal liver cell L02, was signifi-
canctly downregulated (Figure 1C). These 
results were consistent with the microRNA 
microarray. 

MiR-134 directly targets GSK-3β in human he-
patocellular carcinoma cells

To understand the molecular mechanisms by 
which miR-134 induces tumor profiles, we em- 
ployed three strategies to identify the potential 
downstream targets of miR-134: first, we ana-
lyzed potential gene targets of miR-134 by pre-
diction algorithms, including miRWalk (http://
www.umm.uni-heidelberg.de/apps/zmf/mir-
walk), PicTar (http://pictar.mdc-berlin.de/), Tar- 
getScan (http://www.targetscan.org) and miR- 
anda (http://www.microrna.org). Among them, 

Figure 1. Expression of miR-134 is associated with 
HCC. A. Comparison of miRNA expression between 
tumor and adjacent tissues using the Agilent Human 
miRNA microarray. B. A validation experiment was car-
ried out using qRT-PCR. Expressions of miR-134 from 
25 HCC patients were analyzed. C. qRT-PCR analy-
sis shows that HepG2, Hep3B and SMMC7721 cells 
express lower levels of miR-134 compared with L02 
cells. The data are given as the means (± SD) of three 
replicate. (*P < 0.05).
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GSK-3β was found to be the candidates of  
miR-134 targets. By analyzing the homology 
between miR-134 and GSK-3β mRNA sequenc-
es, we observed that the 12 nucleotides from 
the 5’ end of miR-134 were complementary to 
bases 1201-1223 of the GSK-3β cDNA (Homo 

sapiens, NM_002093; Figure 2A). Second, a 
dual-luciferase reporter assay system was 
used to validate whether the GSK-3β mRNA 
transcript is regulated by miR-134 through 
direct binding to its 3’ UTR region of GSK-3β 
mRNA. As shown in Figure 2B, luciferase levels 
of the miR-134 groups transfected with psi-
GSK3β 3UTR WT constructs were significantly 
decreased, compared to those transfected 
with psi-GSK3β 3UTR MUT constructs, for the 
293 cell line, implying that GSK-3β is a direct 
target of miR-134. To further demonstrate the 
correlation between miR-134 and GSK-3β in 
HepG2 cells, mRNA and protein expression of 
GSK-3β were detected by qRT-PCR and Western 
blot. Data showed that miR-134 upregulation 
dramatically reduced the protein expression of 
GSK-3β. Meanwhile, we observed that GSK-3β 
expression was increased by downregulating 
miR-134 (Figure 2C-E). Thus, miR-134 inhibited 
GSK-3β expression in human hepatocellular 
carcinoma.

MiR-134 affects the invasion and migration 
capability in HepG2 cells 

Given the low level of miR-134 expression 
detected in HCC tissues, we asked whether 
miR-134 may function as a tumor suppressor 
and could affect cell invasion or migration [24]. 
To address this question, we transfected miR-
134 into HepG2 cells. Transwell assay showed 
that the invasive speed of HCC cells with highly 
expressing miR-134 was markedly slower than 
that of control cells (Figure 3A and 3B). 
Furthermore, overexpression of miR-134 inhib-
ited wound closure speed of HepG2 cells by 
wound healing assay (Figure 3C and 3D). These 
findings suggested that miR-134 could inhibit 
migration and invasion of HepG2 cells and may 
function as a tumor suppressor in vitro.

Overexpression of miR-134 inhibited HepG2 
cell growth and enhanced apoptosis

The significant reduction of miR-134 expres-
sion in HCC cell lines and tissue specimens 
prompted us to explore the possible biological 
significance of miR-134 in tumorigenesis. The 
proliferative ability of HCC cells was determined 
by MTT assay. The result revealed that miR-134 
cells showed a significant reduction in cell via-
bility compared to vector-control or the mock 
group (Figure 4A) (**P < 0.01). We also ana-
lyzed the effect of miR-134 on apoptosis in 

Table 1. Dysregulation of miRNAs in hepato-
cellular carcinoma tissue
miRNA name Score (d)
Decreased expression (27)
    hsa-miR-216a-5p -167.785
    hsa-miR-517a-3p -119.901
    hsa-miR-663a -106.978
    hsa-miR-512-3p -94.4024
    hsa-miR-3188 -94.0008
    hsa-miR-4465 -92.7766
    hsa-miR-642b-3p -87.0549
    hsa-miR-205-3p -84.4844
    hsa-miR-3127-5p -79.672
    hsa-miR-520c-3p -72.642
    hsa-miR-3692-5p -72.617
    hsa-miR-4417 -70.9428
    hsa-miR-125a-3p -59.4713
    hsa-miR-10b-5p -55.1163
    hsa-miR-4669 -54.9961
    hsa-miR-34a-5p -53.3617
    hsa-miR-34b-5p -47.7756
    hsa-miR-3620-5p -47.6437
    hsa-miR-134 -47.5368
    hsa-miR-5187-5p -45.6114
    hsa-miR-202-3p -45.0858
    hsa-miR-5088 -40.6771
    hsa-miR-6131 -40.4137
    hsa-miR-1181 -40.2024
    hsa-miR-4689 -37.5369
    hsa-miR-6509-5p -36.887
    hsa-miR-199b-5p -36.0143
Increased expression (10)
    hsa-miR-557 40.34202
    hsa-miR-152 43.19254
    hsa-miR-4731-3p 44.37989
    hsa-miR-486-5p 58.2291
    hsa-miR-483-5p 65.72054
    hsa-miR-146a-5p 71.40368
    hsa-miR-200b-3p 90.1433
    hsa-miR-188-5p 95.2645
    hsa-miR-144-3p 101.95
    hsa-miR-142-5p 108.7475
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HCC cells by Annexin V-PI double staining. The 
Annexin V-positive early-phase apoptotic cells 
were significantly increased in cells transfected 
with miR-134 overexpression when compared 
with untreated or scramble controls cells 
(Figure 4B). Percentages of apoptotic cells are 
shown in the histogram (Figure 4C).

MiR-134 inactivates the Akt/GSK-3β/SNAIL 
pathway to inhibit HCC migration

Activation of AKT plays an important role in cell 
migration [21]. We tested the expression of 

several proteins involved in the Akt/GSK-3β/
Snail pathway by western blot analysis and 
observed that decreased expression of phos-
phorylated AKT and Snail could be detected in 
miR-134-transfected cells (Figure 5A and 5B). 
As expected, opposite expression patterns of 
these proteins were detected in anti-miR-134 
cells (Figure 5A and 5B). Collectively, miR-134 
inhibited cell migration through decreasing 
GSK3β protein translation and phosphorylated 
AKT, SNAIL level, and the latter inactivated the 
transcription of genes that repressed cell 
migration.

Figure 2. MiR-134 directly targets GSK-3β in HCC. (A) Analyzing the homology of miR-134 and GSK-3β mRNA  
sequences. The predicted binding site of miR-134 in the 3’ UTR of GSK3β. (B) Luciferase assay revealed reduced 
relative luciferase activities in HEK293 cells following transfection of miR-134 or GSK-3β 3’-UTR, GSK-3β 3’-UTR 
MUT. (**P < 0.01). (C) GSK3β mRNA measured by qPCR, and (D) protein expression detected by western blot and 
densitometry analysis (E) in HepG2 at 48 h post-transfection with miR-134 mimics. Data are means of at least three 
independent experiments; error bars indicate ± SD (*P < 0.05; **P < 0.01).
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Discussion 

The importance of miRNAs expression in main-
taining normal liver cell physiology and HCC 
gene expression has been well documented 
[22]. MiR-134 is located at chromosome 
14q32.31 [23]. It is worth noting that miR-134 
is detected in low expression in ODG and glio-
blastomas (GBM) [24]. Whereas GSK-3β is 
upregulated in HCC tissues [25]. However, the 
association between pathological grade of HCC 
and miR-134 expression, downregulation of 
GSK3β expression by miR-134 in HCC cells and 
knockdown of GSK3β impacting the prolifera-
tion and progression of HCC cells are still 
unclear.

Huang reported that cyclic AMP (cAMP) 
response element-binding protein (CREB) as a 
putative target of miR-134 was regulated by 
miR-134, thereby regulates ischemia/reperfu-
sion injury-induced neuronal cell death [26]. 

miR-134 could target HSPA12B by binding to its 
3’-UTR. miR-134 overexpression promoted 
neuronal cell death and apoptosis by decreas-
ing HSPA12B protein levels. Conversely, down-
regulating miR-134 reduced neuronal cell 
death and apoptosis by enhancing HSPA12B 
protein levels [27]. MiR-134 inhibits cancer cell 
and stem-cell proliferation, survival, and xeno-
graft growth, as well as cancer stem-cell self-
renewal and stemness through regulation of 
RTKs MET, EGFR, and PDGF in glioblastoma 
(GBM) [28]. However, the regulation of miR-134 
expression in HCC remains to be elucidated. 
Moreover, miR-134, miR-487b, and miR-655, 
which belong to the same cluster located on 
chromosome 14q32, were associated with 
EMT in lung adenocarcinoma cells. The miR-
134/487b/655 cluster contributed to the TGF-
beta1-induced EMT phenomenon and affected 
the resistance to gefitinib by directly targeting 
MAGI2, in which suppression subsequently 
caused loss of PTEN stability in lung cancer 

Figure 3. MiR-134 reduces invasion and migration of HCC cells. A, B. Transwell migration system showed that the 
numbers of migrate cells were significantly reduced compared with the cultures transfected with the negative con-
trol oligonucleotide. C. Representative image of scratches from each condition at 0, and 48 h; D. Quantification of 
wound healing rates. Each bar represents mean values ± SD from three independent experiments. (**P < 0.01). 
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cells. The miR-134/miR-487b/miR-655 cluster 
may be a new therapeutic target in patients 
with advanced lung adenocarcinoma, depend-
ing on the EMT phenomena [29]. Previous work 
also demonstrated that miR-134 is often down-
regulated in HCC tissues [30].

Participation of Akt/GSK-3β/snail pathway in 
the cell migration has also been reported previ-
ously in hepatocellular carcinoma line [31, 32]. 
Further study found that miR-134 was able to 
decrease the migration of HCC cells via the 
downregulation of the AKT-GSK3β-Snail signal-
ing pathway. It has been reported that the acti-
vation of phosphorylating AKT is able to impact 
GSK3β activity, ultimately triggering cell migra-
tion [33]. Our data indicated that the expres-
sion of phosphorylated Akt increased or de- 
creased accordingly when miR-134 was overex-
pressed or silenced. This change positively cor-
related with the expression level of GSK-3β and 

Figure 4. Ectopic expression of miR-134 inhibits pro-
liferation and induces apoptosis of HepG2 cells. A. 
Proliferation inhibition rate of HepG2 cells analyzed 
by the MTT assay. Inhibition of cell proliferations was 
evaluated after 24, 48 and 72 h of miR-134 transiently 
transfected cells by MTT assay and expressed as per-
cent of that inhibited at a time relative to the control. 
B. Flow cytometric analyses of Annexin V-propidium io-
dide-stained cells were performed in triplicate. C. Per-
centages of apoptotic cells are shown in the histogram. 
Data are mean ± SD (*P < 0.05, **P < 0.01). 

Figure 5. Detection the expression of AKT, p-AKT and 
SNAIL by transfecting miR-134 or anti-miR-134. Af-
ter post-transfection with miR-134 or anti-miR-134 
into HepG2 cells, western blot (A) detected AKT, p-

AKT and SNAIL protein levels, and the differences 
were analyzed by densitometry analysis (B). Data are 
means of at least three independent experiments; 
error bars indicate ± SD (*P < 0.05, **P < 0.01).
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Snail. Taken together, these results suggest 
that the role of miR-134 in inhibiting migration 
was through the inactivation of the AKT-GSK3β-
Snail signaling pathway.

In the present study, we investigated the 
expression of miR-134 in HCC tissues and cells 
and found that miR-134 was downregulated in 
HCC and HCC cell line compared to normal liver 
tissues. It was suggested that miR-134 might 
be a novel specific biomarker for HCCs. In addi-
tion the loss of miR-134 could be involved in 
HCC development. The miR-134 ectopic expres-
sion slowed down tumor cells growth in vitro, 
compared to vector-control and blank groups. 
Furthermore, miR-134 overexpression in vitro 
inhibited migration and invasion in HepG2 HCC 
cells. We suggest that miR-134 may play a criti-
cal role in HCC tumorigenesis and progression. 
This work suggests that miR-134 could be a 
novel therapeutic target for the treatment of 
HCC.
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