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Abstract: Numerous microRNAs (miRNAs) have been shown to play an important regulatory role in the progression 
of hepatocellular carcinoma (HCC). miR-96-5p, a cancer-related microRNA, was previously reported to inhibit cell 
apoptosis in HCC, but the function and underlying mechanism of miR-96-5p’s involvement in HCC metastasis and 
progression still remain unknown. In this study, we showed that a significant up-regulation of miR-96-5p in HCC 
tissues and cell lines, and its increased expression, are associated with microvascular invasion and with the TNM 
stages of HCC patients. Gain-of-function assays revealed that miR-96-5p induced the epithelial-mesenchymal tran-
sition (EMT) to promote the migration and invasion of HCC in vitro. The expression of TLN1 (Talin 1) is significantly 
decreased in HCC tissues and is inversely correlated to miR-96-5p levels. Notably, through a luciferase reporter 
assay and a Western blot analysis, TLN1 was confirmed to be a direct target gene of miR-96-5p. Furthermore, 
results of cell functional assays revealed that the over-expression of TLN1 partially reverses the promotive effects 
of miR-96-5p overexpression on the migration, invasion, and EMT of HCC. Overall, data from the present study 
demonstrate that miR-96-5p induces EMT to promote the migration and invasion of HCC by post-transcriptionally 
downregulating TLN1, indicating that the miR-96-5p/TLN1 axis might provide a potential therapeutic target for the 
treatment of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is among the 
most fatal malignancies and is the third leading 
cause of cancer-related death throughout the 
world [1]. The carcinogenesis and development 
of HCC are the result of complex and multi-step 
processes associated with epigenetic and ge- 
netic changes [2]. There are no obvious symp-
toms during the early stages of HCC, and HCC 
patients are commonly diagnosed at the ad- 
vanced or unresectable stages. Although re- 
markable improvements have been made in 
surgical techniques and perioperative manage-
ment, the prognosis of HCC patients after hep-
atectomy is still unsatisfactory because of the 
high rates of recurrence and metastasis [3, 4]. 
Therefore, it is essential to elucidate the under-

lying molecular mechanisms of HCC metastasis 
and to develop novel strategies for the early 
diagnosis and treatment of HCC.

microRNAs (miRNAs) are a class of evolution-
arily conserved small noncoding RNAs com-
posed of 15~22 nucleotides that usually bind 
with the 3’-untranslated regions (3’-UTRs) of 
target genes to suppress their expression [5]. 
As post-transcriptional regulators of gene ex- 
pression, miRNAs have broad effects on innu-
merous biological processes, including differ-
entiation, metastasis, apoptosis, and the cell 
cycle [6]. Recently, the aberrant expression of 
miRNAs has been shown to play an important 
role in the pathogenesis and tumorigenicity of 
various human malignancies [7-9]. For exam-
ple, the up-regulation of miR-1271 promotes 
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non-small-cell lung cancer cell proliferation and 
invasion by targeting HOXA5 (homeobox A5) 
[10]. miR-152 inhibits tumor cell growth by 
directly targeting RTKN (Rhotekin) in HCC [11]. 
The overexpression of miR-613 inhibits the pro-
liferation and invasion of renal cell carcinoma 
cells by targeting FZD7 (Frizzled class receptor 
7) [12]. miR-101-3p upregulation suppresses 
cell invasion and proliferation and enhances 
chemotherapeutic sensitivity in salivary gland 
adenoid cystic carcinoma by directly targeting 
Pim-1 (Pim-1 proto-oncogene, serine/threonine 
kinase) [13].

miR-96-5p is one member of the miR-183-96-
182 cluster, and it is located on human chro-
mosome 7q32.2. Accumulating evidence has 
suggested that miR-96-5p is upregulated and 
plays a key role in different types of cancer, 
including breast [14], colorectal [15], and ovar-
ian cancer [16]. Additionally, a previous study 
has demonstrated that miR-96-5p inhibits cell 
apoptosis by targeting the caspase-9 gene in 
HCC [17]. However, an understanding of the 
exact role and mechanism of miR-96-5p on 
HCC progression and metastasis is still need-
ed. Recently, Fang et al. demonstrated that 
TLN1 (Talin 1) correlates with the malignancy 
potential of the HCC MHCC-97 L cell [18]. Fur- 
ther, emerging studies have suggested that 
TLN1 is significantly downregulated in HCC tis-
sues compared with adjacent non-tumor tis-
sues, and low TLN1 expression is associated 
with HCC progression and a poor prognosis 
[19]. TLN1 knockdown induces the epithelial-
mesenchymal transition and promotes migra-
tion and invasion in SK-Hep-1 cells and HepG2 
cells [19]. Interestingly, a bioinformatics analy-
sis predicts that miR-96-5p is able to bind TLN1 
mRNA 3’-UTR. Thus, we suspected miR-96-5p 
might have an important role in HCC progres-
sion by inhibiting TLN1 expression. In this study, 
we explored the possibility that miR-96-5p 
might be involved in HCC cell progression and 
metastasis, and we partially elucidated the 
underlying molecular mechanism. 

Materials and methods

Cell lines and cell culture

The human normal liver cell line (L02) and 
human liver cancer cell lines (Hep3B, Huh7, and 
HCCLM3) were obtained from the Cell Bank of 
the Chinese Academy of Sciences, Shanghai, 

China. These cell lines were maintained in 
Dulbecco’s Modified Eagle’s Medium (DMEM, 
Gibco, CA, USA) supplemented with 10% fetal 
bovine serum (FBS, Gibco, CA, USA), 100 μg/ml 
streptomycin (Sigma, USA), and 100 U/ml peni-
cillin (Sigma, USA) at 37°C in a humidified 
chamber containing 5% CO2.

Cell transfection

The miR-96-5p mimic (5’-UUUGGCACUAGCAC- 
AUUUUUGCU-3’) and the corresponding mimic 
negative control (mimic NC, 5’-CAAUAACCAU- 
GACUUGACCU-3’), as well as the TLN1 express-
ing vector and the corresponding negative con-
trol vector (NC vector) were designed and syn-
thesized by RiboBio Co., Ltd (Guangzhou, Chi- 
na). Huh7 and HCCLM3 cells were transfected 
with 50 nmol/L miR-96-5p mimic and mimic NC 
and/or 1 μg TLN1 expressing vector and NC 
vector by utilizing the Lipofectamine 2000 tr- 
ansfection reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s proto-
cols. At 48 h post-transfection, the transfection 
efficiency was evaluated in each experiment by 
qRT-PCR or Western blot analysis.

Patients and tissue samples

This study was approved by the Ethics Board of 
Hunan Provincial People’s Hospital (Changsha, 
China), and it complied with the Declaration of 
Helsinki. All patients or the legal guardians of 
the patients agreed to participate in this study. 
Informed consent was obtained from each par-
ticipant. HCC tissue specimens were obtained 
from 51 patients who underwent a surgical 
resection of their HCC lesions at the Departme- 
nt of Hepatopancreatobiliary Surgery between 
January 2007 and December 2010. None of 
the patients had received prior radiotherapy or 
chemotherapy. Fresh HCC tissues were imme-
diately snap-frozen in liquid nitrogen and stored 
at -80°C until use. The pathological diagnosis 
was based on the World Health Organization 
criteria, and the tumor differentiation grades 
were based on the classification proposed by 
Edmondson and Steiner [20]. Tumor stage was 
determined in conformity with the TNM classifi-
cation system proposed by the 2010 Interna- 
tional Union Against Cancer [21]. After their sur-
geries, the patients were monitored until De- 
cember 31, 2016. Overall survival (OS) was 
defined as the time between surgery and death 
or between surgery and the last observation 
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time. The OS data were censored at the last 
follow-up for the surviving patients.

Reverse transcription-quantitative polymerase 
chain reaction (qRT-PCR)

TRIzol solution (Invitrogen, Carlsbad, CA, USA) 
was used to extract total RNA from cell lines 
and frozen tumor specimens according to the 
manufacturer’s protocols. Synthesis of comple-
mentary DNA (cDNA) was performed by a Taq- 
Man™ MicroRNA Reverse Transcription Kit (Ap- 
plied Biosystems, Foster City, CA, USA) or Pri- 
meScript Reverse Transcriptase reagent Kit 
with gDNA Eraser Kit (Takara, Osaka, Japan). 
U6 small nuclear 1 (U6) or glyceraldehyde 3- 
phosphate dehydrogenase (GAPDH) was used 
as an internal control. qPCR was performed 
using a 7900 Real-Time PCR System (Applied 
Biosystems, Foster City, CA, USA) with Hieff™ 
qPCR SYBR® Green Master Mix (Yisheng Bio-
Technology Co., Ltd; Shanghai, China), in accor-
dance with the manufacturer’s protocols. The 
primers used for qPCR used are as follows: 
miR-96-5p (sense) 5’-ACACTCCAGCTGGGTTT- 
GGCACTAGCACATTT-3’, miR-96-5p (antisense)  
5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGT- 
TGAGAGCAAAAA-3’; U6 (sense) 5’-CTCGCTTC- 
GGCAGCACA-3’, U6 (antisense) 5’-AACGGTTC- 
ACGAATTTGCGT-3’; TLN1 sequences of forward 
and reverse primers: 5’-GTGCCCTATCCACTTC- 
CC-3’ and 5’-TGGCTACCAGTCGTCCAG-3’; GAP- 
DH sequences of forward and reverse prim- 
ers: 5’-CTGGGCTACACTGAGCACC-3’ and 5’-AA- 
GTGGTCGTTGAGGGCAATG-3’. The reaction con-
dition was 95°C for 10 min, followed by 40 
cycles of denaturation at 95°C for 20 sec and 
annealing/elongation step at 60°C for 30 sec. 
The expression levels of miR-96-5p and TLN1 
were normalized by U6 and GAPDH to produce 
a 2-∆∆Ct value for relative expression [22].

Luciferase reporter assay

The prediction of potential miR-96-5p target 
genes was performed using the publicly ava- 
ilable algorithm TargetScanHuman 7.2 (http: 
//www.targetscan.org/vert_72/). Human TLN1 
3’-untranslated region (UTR), including the 
complimentary binding region of miR-96-5p, 
was amplified by PCR and inserted into pmir-
GLO Dual-Luciferase miRNA Target Expression 
Vector (Promega, Madison, WI, USA) to con-
struct the wild type (WT)-TLN1 reporter plas-
mid. The mutant binding region was generated 

using a Quick Change mutagenesis kit (Takara, 
Japan), and was also cloned into a pmirGLO 
vector to produce mutant (MUT)-TLN1 reporter 
plasmid. For the luciferase reporter assay, co-
transfection with WT or MUT-TLN1 reporter 
plasmid and miR-96-5p mimic and mimic NC 
were introduced into Huh7 and HCCLM3 cells 
by using the Lipofectamine 2000 transfection 
reagent. Luciferase activities were measured at 
48 h post-transfection by a Dual-Luciferase 
Assay kit (Promega, Madison, WI, USA), accord-
ing to the manufacturer’s protocols.

Cell migration assay

A wound-healing assay was performed to evalu-
ate cell migration. Briefly, Huh7 and HCCLM3 
cells (3×105 per/well) transfected with miR-96-
5p mimic and mimic NC and/or TLN1 express-
ing vector and NC vector were seeded into six-
well culture plates and cultured with DMEM 
medium and FBS to form a tight monolayer. 
Scraped lines were created with 200 μl sterile 
pipette tips, and the cell debris were removed 
with PBS, and the remaining cells were incu-
bated for 24 h at 37°C with no serum-contain-
ing DMEM medium. The migrated distances of 
the growing edge on the monolayer were ob- 
served by a lighted microscope (ECLIPSE TS- 
100; Nikon Corporation, Tokyo, Japan) under a 
400× microscope field at 0~12 h after being 
wounded.

Cell invasion assay

For the cell transwell invasion assay, Matrigel-
precoated 6-well and 8-μm pore transwell ch- 
ambers (Costar, Cambridge, MA, USA) were us- 
ed to evaluate the cell invasion. HCC cells 
(3×105 per/well) were dispensed into the upper 
chamber with a 200 μl no serum-containing 
DMEM medium, while a 500 μl normal serum-
containing DMEM medium was added in the 
under chamber. A cotton swab was used to 
remove the gel and cells in the upper chamber 
after 48 h of incubation, and the cells that 
invaded to the lower membrane of the chamber 
were fixed using 4% paraformaldehyde (Beyo- 
time Biotechnology, Shanghai, China) for 30 
min at 37°C and stained with 0.1% crystal vi- 
olet dye (Beyotime Biotechnology, Shanghai, 
China) at 37°C for 20 min. Finally, the invaded 
cells were counted (at ×200 magnification) in 
five microscopic fields using a lighted micro-
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Results

Expression of miR-96-5p was significantly in-
creased in HCC tissues and cell lines

To investigate the role of miR-96-5p in the pro-
gression of HCC, we first detected the levels of 
miR-96-5p by qRT-PCR in the HCC tissues and 
in the adjacent non-tumorous tissues from 51 
patients with HCC. As shown in Figure 1A, the 
expression of miR-96-5p in the HCC tissues 
was significantly higher than that in the adja-
cent non-cancerous tissues (P < 0.01). 

A qRT-PCR assay was further applied to quan-
tify miR-96-5p expression in three HCC cell 
lines, including Hep3B, Huh7, and HCCLM3, 
and the human normal liver cell line L02. The 
results revealed that the expression of miR-96-
5p was significantly upregulated in the three 
HCC cell lines compared with L02 cells (Figure 
1B, P < 0.05), especially in the case of the Huh7 
and HCCLM3 cells. According to the relatively 
high levels of expression of miR-96-5p in the 
Huh7 and HCCLM3 cells, these cells were se- 
lected for further study in vitro.

Up-regulation of miR-96-5p associated with 
microvascular invasion, TNM stage and the 
poor prognosis of patients with HCC

Next, we investigated the clinicopathological 
characteristics and prognosis of miR-96-5p in 
patients with HCC. Based on the median value 
of the miR-96-5p expression level, all 51 HCC 
patients were divided into two subgroups: the 
low miR-96-5p group (n = 23) and the high miR-
96-5p group (n = 28). The association between 
miR-96-5p expression and the clinicopathologi-
cal parameters of all HCC patients, including 
age, gender, alcoholism, cirrhosis, hepatitis B 
surface antigen (HBsAg) status, tumor size, 
TNM stage, differentiation and microvascular 
invasion, were analyzed. As shown in Table 1, 
an increase of miR-96-5p expression was sig-
nificantly correlated with the parameters of the 
TNM stages (P = 0.004) and microvascular 
invasion (P = 0.015), but not with age, gender, 
tumor size, differentiation, alcoholism, cirrho-
sis, or HBsAg status. The Kaplan-Meier survival 
analysis revealed that patients with high miR-
96-5p expression had a shorter overall survival 
(OS) times than those patients with low miR-
96-5p expression (Figure 1C, P < 0.05). Thus, 

scope (ECLIPSE TS100; Nikon Corporation, To- 
kyo, Japan).

Western blot

Western blot was performed to evaluate the 
protein expression. In brief, the total protein 
from the cell lines was extracted using a RIPA 
lysis buffer (Beyotime Biotechnology, Shanghai, 
China) according to the manufacturer’s proto-
cols. A BCA Protein Assay Kit (Pierce, IL, USA) 
was used to quantify the concentration of each 
sample. The protein was then subjected to 8% 
SDS-polyacrylamide gel electrophoresis (Beyo- 
time Biotechnology, Shanghai, China) and tra- 
nsferred onto polyvinylidene difluoride (PVDF) 
membranes (Millipore, MA, USA). After that, the 
membranes were blocked with 5% non-fat milk 
for 2 h at 37°C and then incubated with TLN1 
antibodies (dilution: 1:500; no. ab137843), GA- 
PDH antibodies (dilution: 1:5000; no. ab181- 
602), E-cadherin antibodies (dilution: 1:1000; 
no. ab1416), N-cadherin antibodies (dilution: 
1:500; no. ab76011), and vimentin antibodies 
(dilution: 1:2000; no. ab92547) at 4°C over-
night. These antibodies were obtained from 
Abcam (Cambridge, MA, USA). After washing 
with a TBS-T buffer for 15 min, the membranes 
were incubated with appropriate second anti-
bodies (Cambridge, MA, USA) for 1 h at 37°C. 
Positive bands were conducted using an ECL 
(enhanced chemiluminescence) system (Pierce, 
IL, USA). The protein expressions of TLN1, E- 
cadherin, N-cadherin and vimentin were ana-
lyzed by using Image-Pro plus software 6.0 
(Media Cybernetics Inc, Silver Springs, MD, 
USA), comparing the density ratio with GAPDH. 

Statistical analysis

All statistical analyses were performed using 
SPSS 19.0 (SPSS Inc., Chicago, IL, USA) and 
GraphPad Prism5 (GraphPad Software Inc., 
San Diego, CA, USA). Data were presented as 
the mean ± standard deviation (SD). The statis-
tically significant differences between different 
groups were analyzed by one-way ANOVA fol-
lowed by post hoc tests or Student’s t-test, as 
appropriate. Correlations were determined by 
Spearman’s correlation analysis. The relation-
ship between miR-96-5p expression and the 
clinicopathologic characteristics of HCC pati- 
ents was analyzed using a chi-square test. 
Survival curves were evaluated using a Ka- 
plan-Meier survival analysis. A value of P < 0.05 
indicated significant differences.
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our findings indicated that the upregulation of 
miR-96-5p might play a potential role in pro-
moting the malignant progression of HCC.

The over-expression of miR-96-5p promoted 
the migration, invasion and EMT of HCC cells

To explore the functional role of miR-96-5p in 
HCC, gain-of-function assays were performed 
in the Huh7 and HCCLM3 cells. Known from the 
qRT-PCR assay, the levels of miR-96-5p in Huh7 
and HCCLM3 cells were successfully overex-
pressed by the transfection of the miR-96-5p 
mimic (Figure 2A, P < 0.01). Results of both the 
wound healing and transwell invasion assays 
revealed that the HCC cells transfected with 
the miR-96-5p mimic had a higher migratory 
and more invasive capacity than the cells treat-
ed with mimic NC (Figure 2B and 2C, P < 0.05). 
Furthermore, miR-96-5p was studied on HCC 
metastasis by regulating EMT. The expressions 
of the EMT markers were detected and the 
results indicated that the level of E-cadherin, as 
an epithelial marker, was decreased after miR-
96-5p upregulation in Huh7 and HCCLM3 cells, 
but the levels of mesenchymal markers includ-
ing N-cadherin and vimentin were increased 
(Figure 2D, P < 0.05). Therefore, these results 
suggest that miR-96-5p induces EMT to pro-
mote the migration and invasion of HCC.

TLN1 level was inversely correlated with miR-
96-5p expression in HCC tissues 

miR-96-5p was predicted to be able to bind 
TLN1 mRNA 3’-UTR; therefore, our next objec-
tive was to determine the levels of TLN1 mRNA 
present in the 51 HCC samples using a qRT-
PCR assay and analyzing the relationship be- 
tween TLN1 level and miR-96-5p expression. 
As shown in Figure 3A, TLN1 mRNA expression 
was significantly lower in the HCC tissues than 
it was in the adjacent non-cancerous tissues (P 
< 0.01). Spearman’s correlation analysis show- 
ed a significant inverse correlation between 
TLN1 level and miR-96-5p expression in HCC 
tissues (Figure 3B, P < 0.01).

To further test the association between miR-
96-5p and TLN1, we quantified expression of 
endogenous TLN1 in the HCC cells after they 
were transfected with the miR-96-5p mimic or 
the mimic NC. The data showed that transfec-
tion of the miR-96-5p mimic resulted in a dra-
matically decreased protein expression of TLN1 
in both HCC cell lines (Figure 3C, P < 0.01).

TLN1 was found to be one of the targets of 
miR-96-5p 

To further investigate the underlying mecha-
nism of how miR-96-5p exerts its functional 

Figure 1. The expression of miR-96-5p was sig-
nificantly increased in the HCC tissues and cell 
lines. A. The relative expression levels of miR-
96-5p in 51 pairs of HCC tissues and adjacent 
non-tumor tissues were analyzed by qRT-PCR 
assay. U6 was used as an endogenous control. 
B. The expression levels of miR-96-5p in three 
human HCC cell lines and a human normal liver 
cell line L02. C. Kaplan-Meier survival curves for 
HCC patients in low and high miR-96-5p expres-
sion groups. Error bars represent the mean ± 
standard deviation of triplicate assays. qRT-PCR: 
reverse transcription-quantitative polymerase 
chain reaction, HCC: hepatocellular carcinoma, 
miR: microRNA, U6: U6 small nuclear 1.
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mid after modulating the miR-96-5p 
expression (Figure 4B and 4C, P < 
0.01). Taken together, these data sug-
gested that TLN1 could be a direct 
downstream target of miR-96-5p in 
HCC.

TLN1 mediated the effects of miR-
96-5p on the invasion, migration, 
and EMT of HCC cells

Finally, rescue experiments were per-
formed to confirm whether miR-96-5p 
executed its functional effects by sup-
pressing TLN1 in HCC cells. TLN1 
expression was restored by the TLN1 
expressing vector after the overex-
pression of miR-96-5p in Huh7 and 
HCCLM3 cells (Figure 5A, P < 0.01). 
Restoration of TLN1 expression atten-
uated the miR-96-5p-mediated pro-
motive effects on the migration, inva-
sion, and EMT in both HCC cell lines 
(Figure 5B-D, P < 0.05). These find-
ings strongly suggested that TLN1 
acts as a functional downstream tar-
get of miR-96-5p in HCC cells, indicat-
ing miR-96-5p induces EMT to pro-
mote the migration and invasion of 
HCC by the downregulation of TLN1.

Discussion

Deregulated miRNAs have been sh- 
own to be involved in the develop-
ment and progression of HCC, which 
function as either tumor suppressor 
genes or oncogenes [23]. For instan- 

effects on HCC cells, identification of the target 
genes for miR-96-5p was performed through 
an algorithm from TargetScanHuman 7.2. Am- 
ong these genes, TLN1, an important tumor 
suppressor gene in HCC, was chosen for fur-
ther experiments. As shown in Figure 4A, a 
complimentary binding region for miR-96-5p 
was found in the 3’-UTR of TLN1 mRNA. To 
determine whether TLN1 was a direct target 
gene of miR-96-5p, a luciferase reporter assay 
was performed. The results showed that an 
overexpression of miR-96-5p was able to de- 
crease the luciferase activity of the WT-TLN1 
reporter plasmid in both HCC cell lines; howev-
er, no significant change of the luciferase activ-
ity was found with the MUT-TLN1 reporter plas-

ce, Wang, et al. showed that miR-300 regulates 
the EMT and invasion of HCC by targeting the 
FAK/PI3K/AKT signaling pathway [24]. Luo, et 
al. found that miR-501-3p suppresses the 
metastasis and progression of HCC by target-
ing LIN7A (lin-7 homolog A, crumbs cell polarity 
complex component) [25]. Yang, et al. reported 
that miR-1301 inhibits HCC cell migration, inva-
sion, and angiogenesis by decreasing Wnt/β-
catenin signaling through targeting BCL9 (B-cell 
lymphoma 9) [26]. Cao, et al. demonstrated 
that miR-23b suppressed EMT and metastasis 
in HCC via targeting PTK2B (protein tyrosine 
kinase 2 beta) [27]. Although several studies 
have demonstrated the roles of miRNAs in the 
metastasis and progression of HCC, the under-

Table 1. The association of miR-96-5p expression with the 
clinicopathological features of patients with HCC

Features Patients
miR-96-5p expression

P valueLow  
(n = 23)

High  
(n = 28)

Age (years)
    < 60 19 6 13 0.135
    ≥ 60 32 17 15
Sex
    Male 38 15 23 0.168
    Female 13 8 5
Tumor size
    < 5 cm 25 10 15 0.473
    ≥ 5 cm 26 13 13
TNM stage
    I-II 27 7 20 0.004
    III-IV 24 16 8
Differentiation
    Well/Moderately 30 16 14 0.158
    Poorly 21 7 14
Microvascular invasion
    Absent 35 20 15 0.015
    Present 16 3 13
Alcoholism
    No 23 11 12 0.723
    Yes 28 12 16
Cirrhosis
    Without 17 8 9 0.842
    With 34 15 19
HBsAg status
    Negative 8 2 6 0.269
    Positive 43 21 22
HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen.
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lying molecular mechanisms by which miRNAs 
regulate HCC metastasis are still unclear.

As a multifunctional miRNA, miR-96-5p plays 
crucial roles in a variety of physiological and 

pathological processes, such as hepatic stel-
late cell activation (28), autophagy [28], cranio-
facial and dental development [29], and neuro-
protection [30]. As an oncogene, miR-96-5p 
has been shown to be overexpressed in several 

Figure 2. The over-expression of miR-96-5p promoted the migration, invasion, and EMT of HCC cells. A. Huh7 and 
HCCLM3 cells transfected with miR-96-5p mimic and mimic NC were subjected to qRT-PCR for the analysis of the 
miR-96-5p expression. B. The migratory capacity of the HCC cells was strengthened by miR-96-5p overexpression 
(at ×400 magnification). C. Invasion of Huh7 and HCCLM3 cells that were transfected with the miR-96-5p mimic 
and mimic NC was determined using a transwell invasion assay (at ×200 magnification). D. miR-96-5p upregula-
tion decreased the expression of E-cadherin and increased the levels of N-cadherin and vimentin in Huh7 and HC-
CLM3 cells. The experiments were performed in triplicate. mimic NC: corresponding mimic negative control, GAPDH: 
glyceraldehyde-3-phosphate dehydrogenase. 
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types of human cancers, including breast, co- 
lorectal, and ovarian cancer, and is closely re- 
lated to the migration and metastasis of malig-
nant tumors [14-16]. In the present study, our 
data showed that miR-96-5p was significantly 
up-regulated in HCC tissues and cell lines. The 
presence of upregulated miR-96-5p expression 
in HCC was consistent with the results of previ-
ous studies [14-16]. Combined with the clinico-
pathological features, our results revealed that 
an increased expression of miR-96-5p in pa- 
tients with HCC was associated with microvas-
cular invasion, TNM stage, and a poor progno-
sis. These data strongly suggest that the upreg-
ulation of miR-96-5p is correlated with the 
metastasis and progression of HCC.

The recurrence and metastasis of HCC are the 
main culprits of the poor prognosis of HCC pa- 

tients [31]. miRNAs have been found to play an 
important role in modulating the invasion and 
metastasis of HCC cells [24-27]. Following the 
determination of the clinical significance of 
miR-96-5p in HCC samples, the biological roles 
of miR-96-5p were analyzed in HCC cell lines. 
The results indicated that miR-96-5p plays a 
key role in the progression of HCC by promoting 
cell migration and invasion in vitro. EMT is a bio-
logical process by which cancer cells lose their 
epithelial polarity to assume a mesenchymal 
phenotype, and it is characterized by a decre- 
ased expression of the epithelial marker (E- 
cadherin) and an increased expression of the 
mesenchymal markers (vimentin and N-ca- 
dherin) [32]. EMT has been demonstrated as 
the critical mechanism for the invasion and 
metastasis of human cancer cells. Accumulating 
evidence has demonstrated that miRNAs play a 

Figure 3. TLN1 levels were downregulated in HCC tissues and inversely correlated with miR-96-5p expression. A. The 
expression levels of TLN1 from HCC tissues and adjacent non-tumor tissues, as determined by a qRT-PCR assay. 
GAPDH was used as an endogenous control. B. The correlation between the miR-96-5p expression and the TLN1 
levels in the HCC samples. C. miR-96-5p overexpression reduced the expression of TLN1 protein in the Huh7 and 
HCCLM3 cells. Values are expressed as the mean ± standard deviation of three independent experiments. TLN1: 
Talin 1. 
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miR-124 in prostate cancer 
[39]; however, the interac-
tion between miR-96-5p 
and TLN1 has not been re- 
ported in HCC. Here, by us- 
ing a luciferase reporter as- 
say, we confirmed that the 
TLN1 gene was a direct tar-
get of miR-96-5p. The over-
expression of miR-96-5p si- 
gnificantly suppressed the 
expression levels of the TL- 
N1 protein in HCC cells. Ex- 
citingly, the restoration of 
TLN1 expression attenuat-
ed miR-96-5p-mediated pr- 
omotive effects on migra-
tion, invasion, and EMT in 
both HCC cell lines. These 
results indicated that TLN1 
was a direct and functional 
target of miR-96-5p in HCC. 
The limitations of this study 
are as follows: 1) the clini-
cal samples of HCC were 
insufficient; 2) the target 
genes of miR-96-5p were 
not limited to TLN1 in HCC; 
3) the function and mecha-
nism of miR-96-5p in the 

critical role in the EMT of HCC cells [33, 34]. 
Here, we also found that the over-expression of 
miR-96-5p decreases E-cadherin expression 
and increases N-cadherin and vimentin expres-
sion. These data suggest that miR-96-5p could 
promote the migration and invasion of HCC by 
inducing EMT.

To explore the molecular mechanisms by which 
miR-96-5p promotes the progression and me- 
tastasis of HCC, we identified TLN1 as a direct 
target gene of miR-96-5p in HCC. TLN1, a large 
270 kDa cytoskeletal protein that contains 
2541 amino acids, is mainly expressed in the 
liver, spleen, stomach, kidney, lung, and vascu-
lar smooth muscle and plays an essential role 
in integrin activation [35]. Previous studies 
have demonstrated that aberrantly expressed 
TLN1 is associated with oral squamous cell car-
cinoma and prostate cancer [36, 37]. TLN1 
knockdown induces the epithelial-mesenchy-
mal transition and promotes migration and 
invasion in SK-Hep-1 cells and HepG2 cells 
[19]. TLN1 has been reported to be a target 
gene of miR-9 in ovarian carcinoma [38] and 

nude mouse tumor model remains to be el- 
ucidated.

In conclusion, our results demonstrate that 
miR-96-5p is upregulated in HCC tissue and 
cell lines, and high miR-96-5p expression is sig-
nificantly associated with microvascular inva-
sion, TNM stage, and a poor prognosis in pa- 
tients with HCC. The over-expression of miR-
96-5p induces EMT to promote the migration 
and invasion of HCC by the suppression of 
TLN1. Understanding the role of the miR-96-
5p/TLN1 axis’ involvement in HCC metastasis 
and progression will enable us to use it as a 
therapeutic target in treating HCC.
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