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Abstract Hepatocellular carcinoma (HCC) is a major cause
of cancer-related deaths owing to its high rate of postoperative
recurrence and metastasis. New research is continuously iden-
tifying novel metastasis-associated oncogenes and tumor sup-
pressor genes. miRNAs are noncoding RNAs that regulate
protein synthesis post-translationally. miR-130b is one of sev-
eral miRNAs involved in tumor metastasis. However, the role
of miR-130b in HCC remains controversial. Here, we demon-
strate that miR-130b is highly expressed in HCC and that it
correlates with tumor number, vascular invasion, and TNM
stage—important predictors of postoperative recurrence and
metastases. Moreover, high levels of miR-130b predicted poor
overall and disease-free survival of HCC patients, and in vitro
and in vivo research revealed that knockdown or overexpres-
sion of miR-130b inhibited and promoted proliferation and
metastasis of HCC cells, respectively. We identified PTEN
as a direct functional target of miR-130b using miRNA data-
bases and a dual luciferase report assay. Next, using a gain and
loss assay and epithelial-mesenchymal transition (EMT) rela-
tive assays, we show that miR-130b may promote prolifera-
tion and EMT-induced metastasis via PTEN/p-AKT/HIF-1α
signaling. Collectively, our data suggests that miR-130b may
have prognostic value in HCC. Additionally, the miR-130b/

PTEN/p-AKT/HIF-1α axis identified in this study provides
novel insight into the mechanisms of HCC metastasis, which
may facilitate the development of new therapeutics against
HCC.
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Abbreviations
HCC Hepatocellular carcinoma
SLHCC Solitary large hepatocellular carcinoma
SHCC Small hepatocellular carcinoma
NHCC Nodular hepatocellular carcinoma
ANLT Adjacent nontumorous liver tissues
miRNA MicroRNA
3′-UTR 3′ Untranslated region
mRNA Messenger RNA
qRT-
PCR

Quantitative reverse-transcription polymerase
chain reaction

PTEN Phosphatase and tensin homolog

Introduction

Hepatocellular carcinoma (HCC) is a common malignancy
with more than 780,000 new HCC cases and around 745,
000 HCC-related deaths annually, and the second most com-
mon cause of cancer-related deaths [1]. Liver transplantation
remains the optimal therapeutic strategy, with a 5-year surviv-
al rate of more than 80 % [2]. However, in countries with
severe shortages of liver donors, liver resection is the main
therapeutic avenue for most patients [3]. Importantly, long-
time survival remains unsatisfactory because of high rates of
HCC recurrence and metastasis after liver resection [4]. An
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increasing number of researchers are therefore devoted to
studying HCC metastasis. Recent research suggests that
PTPRS [5], JARID1B [6], and Sox12 [7] are important regu-
lators of HCC metastasis. However, the molecular mecha-
nisms of HCC metastasis remain largely unclear.

MicroRNAs (miRNAs) are a class of small endogenously
expressed noncoding RNAs that can induce RNA degradation
or repress protein translation by directly binding to the 3′
untranslated region (3′-UTR) of target mRNA [4]. Indeed,
miRNAs have been implicated in almost every biological pro-
cess, particularly in cancer progression and metastasis. For
instance, miR-1269 [8], miR-494 [9], and miR-422a [10] play
key roles in HCC metastasis by downregulating mRNA tar-
gets involved in the metastasis. Moreover, miR-29 [11] and
miR-26a [12] are associated with better or worse prognosis,
respectively, which illustrates the importance of miRNAs as
clinical biomarkers in addition to being important regulators
of HCC.

To gain a better understanding of miRNAs deregulated in
HCC, we previously analyzed miRNA expression patterns in
solitary large HCC—a subtype with unique and pathological
characteristics firstly described by our group [13]. We previ-
ously showed that while miR-140-5p [14] and miR-188-5p
[13] function as important tumor suppressors in HCC, but
miR-331-3p [15] may promote HCC metastasis by targeting
PHLPP. Here, we focus on miR-130b, which is significantly
upregulated in HCC compared with adjacent nontumorous
liver tissues (ANLT) by miRNA array (6.799 vs. 1). miR-
130b is highly expressed and functions as an oncogene in
various malignant tumors [16–23]. However, the mechanism
and prognostic value of miR-130b in HCC warrant further
investigation.

Here, we comprehensively investigate the expression,
prognostic value, biological functions, and molecular mecha-
nism of miR-130b in HCC proliferation and metastasis both
in vitro and in vivo.

Materials and methods

Patients and tissue specimens

A total of 150 pairs of HCC and ANLTs collected be-
tween January 2006 and December 2013 were randomly
selected from patients who underwent liver resection at
the Department of Surgery, Xiangya Hospital of Central
South University. The 150 HCC patients were divided
into two cohorts: patients who underwent liver resection
after January 2009 were used as the training cohort, while
the rest were used as the validation cohort (Supplementary
Fig. 1). The samples were snap-frozen in liquid nitrogen
and stored at −80 °C for later RNA extraction or formalin-
fixed and paraffin-embedded for immunohistochemistry.

Histopathological analyses were performed by two certi-
fied pathologists. The clinical and pathological features of
these patients are described in Supplementary Table 1. All
research protocols strictly complied with REMARK
guidelines for reporting prognostic biomarkers in cancer
[24]. Prior informed consent was obtained from all pa-
tients and the study was approved by the Ethics
Committee of Xiangya Hospital of CSU.

More details are described in the Supplementary Materials
and Methods.

Results

miR-130b is commonly upregulated in HCC tissues

miRNA array analysis was performed to compare miRNA
expression profiles in solitary large HCC (SLHCC), small
HCC (SHCC), and nodular HCC (NHCC) as described in
the BSupplementary material and methods.^ miR-130b was
upregulated more than threefolds in HCC compared with
ANLTs (Fig. 1a). To validate this miRNA array-based result,
miR-130b expression was measured in 150 pairs of HCC tis-
sues and their corresponding ANLTs and these cases were
divided into a training and validation cohort as described in
the BMaterials and methods^ section. miR-130b expression
was higher in 90.6 % of HCC tissues than in matched ANLT
tissues in the training cohort (Fig. 1b). Similarly, in the vali-
dation cohort, miR-130b was upregulated in 86.2 % of HCC
tissues (Fig. 1c).

We previously identified a unique subtype of HCC named
solitary large hepatocellular carcinoma (SLHCC), which was
>5 cm in diameter, consisted of a single lesion, and always
grew expansively within an intact capsule or pseudocapsule
[25]. After hepatic resection, SLHCC had a similar long-term
overall and disease-free survival to SLHCC (solitary nodular,
diameter≤5 cm), but much better than that of NHCC (node
number≥2) [25, 26]. In this study, these subtypes were ana-
lyzed individually within training and the validation cohorts.
miR-130b expression was significantly higher in NHCC than
in SLHCC or SHCC in both the training cohort (Fig. 1d) and
the validation cohort (Fig. 1e), which is in agreement with the
metastatic potential of SLHCC, SHCC, and NHCC.

Correlations between miR-130b expression
and clinicopathologic characteristics

Considering that NHCC has the greatest metastatic potential
among the three HCC subtypes [25], we investigated whether
miR-130b correlates with metastasis-associated HCC clinico-
pathologic characteristics in the two cohorts. To evaluate the
correlations between miR-130b and clinicopathological vari-
ables, patients were stratified according to their HCC miR-
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130b expression with those having higher than twofold
increase relative to the corresponding ANLT, classified as
the relative high-expression group and the rest as the relative
low-expression group. First, we compared all clinicopath-
ologic variables between the training and validation co-
horts and found no significant differences (Table S1). We
then analyzed the correlation between miR-130b expres-
sion and HCC clinicopathologic characteristics. miR-130b
expression levels were significantly correlated with tumor
number, vascular invasion, and TNM stage in both the

training cohort (Table 1) and in the validation cohort
(Table S2).

High miR-130b expression is associated with poor
prognosis of HCC patients

Kaplan-Meier analysis showed that HCC patients with high
miR-130b expression had poorer overall survival and disease-
free survival than patients with lowmiR-130b expression in both
the training (Fig. 1f) and validation cohorts (Fig. 1g).

Fig. 1 miR-130b is upregulated in HCC and is a promised biomarker for
poor prognosis of HCC. a Cluster analysis of miRNAs expression
profiles in HCC and ANLT. b, c Expression of miR-130b of HCC
tissues and the corresponding ANLTs in training cohort (85 cases) and
validation cohort (65 cases). Expression levels of miR-130b were
normalized to the corresponding levels of U6 snRNA. Fold change were
analyzed using the formula 2−(ΔΔCT[HCC/ANLT]). Red line indicates fold
change of miR-130b equal to 2, which is cut off line to divide relative
high miR-130b group and relative low miR-130b group. d, e miR-130b

expression in HCC subtypes including SHCC, SLHCC, and NHCC in
training cohort and validation cohort. The expression level was compared
with ANOVA. f, g Overall survival and disease-free survival of HCC
patients with different miR-130b expression. According to the data of
qRT-PCR in (a, b), HCC cases in training cohort and validation cohort
was classified into low-expression group and high-expression group.
Survival curves were constructed using the Kaplan-Meier method and
evaluated using the log-rank test
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Univariate and multivariate survival analyses were also
performed to identify independent risk factors of overall
survival and disease-free survival. Tumor number, vascu-
lar invasion, TNM stage, BCLC stage, and miR-130b ex-
pression were independent risk factors for overall survival
in both the training cohort (Table S3) and the validation
cohort (Table S5). Vascular invasion, BCLC stage, and
miR-130b expression were independent risk factors for
disease-free survival in both the training cohort
(Table S4) and validation cohort (Table S6), while tumor
number was also an independent risk factors for disease-
free survival in the validation cohort (Table S6).

Overexpression of miR-130b therefore appears to be a
predictor of poor prognosis in HCC patients.

miR-130b promotes proliferation and metastasis in HCC
cells in vitro

To study the role of miR-130b in HCC cells, we first measured
miR-130b expression in these cells. Real-time PCR showed
that, compared with a liver cell line, miR-130b was highly
expressed in HCC cell lines (Fig. 2a). Interestingly, the
HCCLM3 cell line, which has the highest metastatic potential
among the five HCC lines, expressed the highest level of miR-
130b. Of the five HCC cell lines, HCCLM3 and HepG2 cells
were chosen for further in vitro study. We subsequently sup-
pressed miR-130b expression in HCCLM3 and restored miR-
130b expression in HepG2 by lentiviral-mediated inhibition
and overexpression, respectively. Real-time PCR was used to
confirm differential miR-130b expression in cells infected by
lentivirus (Fig. 2b).

A wound-healing assay and transwell assay were used to
assess the role of miR-130b in HCC cell metastasis. miR-130b
overexpression accelerated wound closure in HepG2 cells and
miR-130b inhibition suppressed wound closure of HCCLM3
cells (Fig. 2c). Transwell assays with Matrigel showed that
increased expression of miR-130b in HepG2 cells was asso-
ciated with increased invasive activity (Fig. 2d), whereas re-
duced miR-130b expression in HCCLM3 cells resulted in
reduced invasive activity (Fig. 2d). The role of miR-130b in
HCC cell proliferation was assessed using cell growth curves
and colony formation assays. The cell growth curve clearly
showed increased proliferation of HepG2miR-130b compared
with HepG2NC cells and decreased proliferation of
HCCLM3Anti-miR-130b compared with HCCLM3NC cells
(Fig. 2e). Similarly, colony formation assays showed signifi-
cantly more colonies in HepG2miR-130b than in HepG2NC cells
and significantly less colonies in HCCLM3Anti-miR-130b than in
HCCLM3NC cells (Fig. 2f). These results indicate that miR-
130b promotes proliferation and metastasis of HCC in vitro.

miR-130b promotes growth andmetastasis of HCC in vivo

HepG2miR-130b, HepG2NC, HCCLM3Anti-miR-130b, and
HCCLM3NC cells were implanted into Balb/c nude mice as

Table 1 Correlations between miR-130b expression and
clinicopathologic variables of 85 cases of HCC in training cohort

Clinicopathologic variable No. miR-130b expression levels

Low High P value

Gender

Female 24 5 19 0.713
Male 61 15 46

Age (years)

≤60 65 16 49 0.670
>60 20 4 16

Hepatitis B status

Negative 21 5 16 0.972
Positive 64 15 49

Liver cirrhosis

Presence 49 12 37 0.808
Absence 36 8 28

Tumor number

Solitary 38 13 25 0.037
Multiple 47 7 40

Tumor size

≤5 cm 21 5 16 0.972
>5 cm 64 15 49

Capsular formation

Presence 39 11 28 0.349
Absence 46 9 37

Vascular invasion

Presence 38 5 33 0.043
Absence 47 15 32

Edmondson-Steiner grade

Low grade (I–II) 46 9 37 0.349
High grade (III–IV) 39 11 28

TNM stage

I 36 13 23 0.019
II–III 49 7 42

BCLC stage

0–A 37 12 25 0.089
B–C 48 8 40

Italic values are significant (P < 0.05)

�Fig. 2 miR-130b promotes proliferation and metastasis of HCC cell
in vitro. amiR-130b expression in liver cell line (L02) and five HCC cell
lines (HepG2, SMMC7721, MHCC97-L, MHCC97-H, HCCLM3).
miR-130b expression in L02 is set as 1. b HepG2 and HCCLM3 are
infected by miR-130b overexpression lentivirus or anti-miR-130b
lentivirus or their corresponding control lentivirus. qRT-PCR were used
to validate the miR-130b expression in these cells infected by lentivirus.
The wound-healing assay (c), transwell assay (d), growth curve assay (e),
and colony formation assay (f) are performed as described in BMaterials
and methods^ with HepG2NC, HepG2miR-130b, HCCLM3NC, and
HCCLM3Anti-miR-130b cells to determine the role of miR-130b
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described in the BSupplementaryMaterials andMethods^ sec-
tion. Tumors were significantly larger in HepG2miR-130b mice
compared with HepG2NC mice (Fig. 3a) and smaller in
HCCLM3Anti-miR-130b mice than HCCLM3NC mice
(Fig. 3b). Moreover, rates of intrahepatic and pulmonary me-
tastasis in HepG2miR-130b mice were significantly higher than
in HepG2NC mice. Similarly, rates of intrahepatic and pulmo-
nary metastasis (Fig. 3c–e) were significantly lower in
HCCLM3Anti-miR-130b mice than in HCCLM3NC mice. Taken
together, these results indicate that miR-130b promotes HCC
growth and metastasis in vivo.

Phosphatase and tensin homolog (PTEN) is a direct target
of miR-130b

We identified potential miR-130b target genes using the
miRNA databases TargetScan, PicTar, and miRanda.
PTEN was a predicted target of miR-130b based on
their complementary sequences. Wild-type and mutant
3′-UTR PTEN target sequences were cloned into the
pGL3 luciferase reporter vector (Fig. 4a). Using a dual
luciferase reporter assay, we showed that miR-130b sig-
nificantly inhibits the activity of PTEN wild-type 3′-

Fig. 3 miR-130b promote
growth and metastasis of HCC
in vivo. The HCC xenograft
mouse model was constructed by
using HepG2NC and HepG2miR-

130b cells (a) or HCCLM3NC and
HCCLM3Anti-miR-130b (b) as
described in BMaterials and
methods.^ The tumor volume was
measured and compared. c
Representative figures for lung
metastases of each group
(hematoxylin and eosin stain;
original magnification ×100 or
×400). The mice with intrahepatic
(d) or lung metastatic nodules (e)
were counted under microscope
and analyzed
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UTR but not PTEN mutant 3′-UTR in both HCCLM3
and HepG2 cells (Fig. 4b, c). Western blot analysis
showed that endogenous PTEN protein levels were in-
deed suppressed in HCC cells with relatively high miR-
130b expression (Fig. 4d). We next evaluated the ex-
pression of potential downstream targets of PTEN by
western blot analysis. The results showed that p-AKT
and HIF-1α expression was positively associated with
miR-130b expression in HepG2 and HCCLM3 cells,
but that AKT expression was not affected by miR-
130b expression (Fig. 4e). Taken together, these results
indicated that miR-130b may inhibit p-AKT/HIF-1α sig-
naling by directly targeting PTEN.

miR-130b promotes cell proliferation and metastasis
by suppressing PTEN expression

To examine whether miR-130b exerts its function via PTEN,
we restored PTEN expression in HepG2miR-130b cells with a
PTEN expression vector without the PTEN 3′-UTR and si-
lenced PTEN expression in HCCLM3Anti-miR-130b cells with
PTEN-shRNA. Restoration of PTEN in HepG2miR-130b cells
suppressed miR-130b-induced proliferation and colony

formation (Fig. 5a, b). In contrast, silencing PTEN in
HCCLM3Anti-miR-130b cells promoted proliferation and colony
formation suppressed by miR-130b silencing (Fig. 5a, b).
Similarly, wound-healing and transwell assays showed that
PTEN expression blocked miR-130b-mediated migration
and metastasis of HepG2 cells (Fig. 5c, d). Conversely, silenc-
ing PTEN abrogated the function of anti-miR-130b in migra-
tion and metastasis (Fig. 5c, d). These results suggest that
PTEN is a direct functional target of miR-130b, whereby
miR-130b promotes HCC cell proliferation and metastasis.

miR-130b promotes metastasis via
epithelial-mesenchymal transition

Epithelial-mesenchymal transition (EMT) is an important step
during metastasis and migration [5, 27] and AKTand HIF-1α
promote EMT in HCC [28]. In our study, we found that miR-
130b and PTEN affects HCC cell morphology (S-Fig. 3). We
therefore investigated whether miR-130b induces EMT in
HCC. Western blot showed that miR-130b induced Snail, N-
cadherin, and vimentin and suppressed E-cadherin via
PTEN/p-AKT/HIF-1α (Fig. 5e). Moreover, p-AKT, HIF-1α,
Snail, N-cadherin, and vimentin expression was higher in an

Fig. 4 PTEN is direct
downstream target for miR-130b.
a miR-130b and its putative
binding sequence in the 3′-UTR
of PTEN. The mutant miR-130b
binding site was generated in the
complementary site for the seed
region of miR-130b. Relative
luciferase activity was analyzed in
HepG2NC and HepG2miR-130b

cells (b) or HCCLM3NC and
HCCLM3Anti-miR-130b cells (c).
Firefly luciferase reporter
containing either a wild type or a
mutant 3′-UTR (indicated as WT
or Mut on the X axis). The
normalized luciferase activity of
wild type was set as relative
luciferase activity. Western blot
results of PTEN (d) or its
potential downstream protein
such as p-AKT, AKT, and HIF-
1α (e) in HepG2NC, HepG2miR-
130b, HCCLM3NC, and
HCCLM3Anti-miR-130b cells.
P< 0.05
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HCC sample with high miR-130b expression (D107) than in
another HCC sample with low miR-130b expression (D165);
E-cadherin expression was also lower in the HCC sample with
high miR-130b expression; and there was no significant dif-
ference in AKT expression between the two samples
(Supplementary Fig. 4a). Similarly, in HCC tissues from the
xenograft mouse model, HepG2miR-130b mice had higher p-
AKT, HIF-1α, Snail, N-cadherin, and vimentin expression
and lower E-cadherin expression than HepG2NC mice.
HCCLM3Anti-miR-130b mice had lower p-AKT, HIF-1α,
Snail, N-cadherin, and vimentin expression and higher E-

cadherin expression than HCCLM3NC mice (Supplementary
Fig. 4b). These results were consistent with the in vitro results.
Taken together, these findings provide evidence that miR-
130b may promote EMT through PTEN/p-AKT/HIF-1α
signaling.

Discussion

Numerous studies indicate the critical role of miRNAs in tu-
morigenesis and progression in various human cancers [29].

Fig. 5 miR-130b promotes proliferation and metastasis of hepatocellular
carcinoma through PTEN/AKT/HIF-1α signaling. Cell proliferation
analysis (a), colony formation assay (b), wound-closure assay (c), and
transwell assay (d) in HCCLM3Anti-miR-130b and HepG2miR-130b cells
infected with PTEN-shRNA vector or PTEN expression vector or their

control vector. eWestern blot results of p-AKT, AKT, and HIF-1α as well
as EMT associated markers, Snail, N-cadherin, E-cadherin, and vimentin
in HCCLM3Anti-miR-130b and HepG2miR-130b cells infected with or
without PTEN-shRNA plasmids
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Studies on cancer-specific miRNAs and their direct targets
provide mechanistic insight into the process of tumorigenesis
and enable identification of novel biomarkers and therapeutic
targets for human cancers. miR-130b is commonly expressed
in cancer with diverse roles depending on cancer type. In
2008, miR-130b was identified as one of the regulators of cell
growth in T cell leukemia via its target protein TP53INP1
[30]. Several studies subsequently showed that miR-130b is
overexpressed in different cancers [18–23]. miR-130b likely
has specific functions depending on the type of malignancy.
miR-130b was recently identified as a potential prognostic
biomarker for HCC [31]. However, the prognostic value of
miR-130b requires further validation with longer follow-up
times. Our study included 150 HCC patients who underwent
liver resection between January 2006 and December 2013.We
showed that miR-130b was correlated with tumor number,
vascular invasion, and TNM stage in the training and valida-
tion cohorts. We also demonstrated that miR-130b promotes
HCC proliferation in vitro but that miR-130b expression was
not significantly correlated with tumor size in HCC clinical
samples. One possible explanation for this is that tumor size
does not fully represent proliferative potential of HCC cells.
For example, a tumor with low proliferative potential can
reach the same size as tumor with high proliferative potential
given enough time. We aim to evaluate this inference in future
studies by determining whether miR-130b expression corre-
lates with Ki67 expression, which is a marker of proliferation.
Kaplan-Meier analysis showed that overexpression of miR-
130b might indicate poor prognosis in HCC patients. In the
validation cohort, the 7-year overall survival and disease-free
survival rates in the high miR-130b-expression group was
11.8 and 8.2 %, and 38.4 and 24.8 % in the low-miR-130b
expression group. Further study showed that miR-130b is an
independent risk factor for overall survival and disease-free
survival of HCC patients. These findings further support the
prognostic value of miR-130b in HCC.

To further understand the underlying mechanisms of
miR-130b, its downstream functional targets need to be
identified. Tu et al. reported that miR-130b is elevated in
HCC tissues and may promote HCC cell migration and
invasion by inhibiting PPAR-γ [16]. However, using in
silico analyses, we predicted another important down-
stream target of miR-130b, the tumor suppressor gene,
PTEN. To validate whether miR-130b is able to inhibit
PTEN expression, we used a dual luciferase reporter assay
and western blot to confirm that miR-130b directly binds
to the 3′-UTR sequence of PTEN and inhibits its expres-
sion in HCC cells. Complementary gain and loss of func-
tion assays revealed that PTEN recovery significantly di-
minished the effect of miR-130b on proliferation and me-
tastasis. Our study provides the first concrete evidence
that miR-130b suppresses HCC proliferation and metasta-
sis by directly inhibiting PTEN expression.

TP53INP1 and PPAR-γ were previously reported to be
targets of miR-130b [16, 32]. We therefore determined
the i r exp re s s i on in HepG2NC , HepG2m iR - 1 3 0 b ,
HCCLM3NC, and HCCLM3Anti -miR-130b cell lines.
TP53INP1 expression was similar across cell lines
(Supplementary Fig. 5a), leading us to speculate that
miR-130b may regulate TP53INP expression only in can-
cer stem cells [32]. PPAR-γ was, however, highly
expressed in HCC cells with relatively low miR-130b ex-
pression (HepG2NC and HCCLM3Anti-miR-130b cells) indi-
cat ing that PPAR-γ was also a miR-130b target
(Supplementary Fig. 5a). We also determined PPAR-γ ex-
pression in HepG2miR-130b+PTEN, HepG2miR-130b+Vector,
HCCLM3Anti-miR-130b+Vector, and HCCLM3Anti-miR-130b+

PTEN-shRNA cell lines (Supplementary Fig. 5b), but PTEN
mostly mimicked or eliminated the role of miR-130b with-
out affecting PPAR-γ expression (Fig. 5; Supplementary
Fig. 5b). Colangelo et al. reported that miR-130b promotes
colorectal cancer development via PPARγ suppression,
which in turn deregulates PTEN, E-cadherin, Snail, and
vascular endothelial growth factor [33]. We therefore sug-
gest that miR-130b promotes HCC proliferation and me-
tastasis by two ways (Supplementary Fig. 6): by directly
regulating PTEN expression and promoting tumor devel-
opment and by regulating PPAR-γ expression, which then
regulates PTEN expression to promote tumor develop-
ment. The relationship between miR-130b, PTEN, and
PPARγ, however, requires further validation.

EMT is an important step of tumor metastasis [34]. There is
ample evidence that major signaling pathways such as
TGF-β, Wnt, and AKT pathways involved in the regulation
of transcription factors repress the transcription of E-cadherin
and lead to EMT [35]. Although numerous factors participate
in EMT, the role of miR-130b in EMT and cancer metastasis
remains unclear. PTEN is a key inhibitor of the PI3K/AKT
pathway [36], and emerging evidence suggests that PTEN
regulates EMT of HCC cells via the AKT pathway [36, 37].
Interestingly, we also found that suppression or overexpres-
sion of miR-130b may significantly affect HCC cell morphol-
ogy. We therefore speculated that miR-130b may induce HCC
EMT through the PTEN/p-AKT pathway.We found that miR-
130b expression was positively associated with vimentin and
N-cadherin expression and negatively associated with E-
cadherin expression in HCC cells or tissues. Taken together,
these results suggest that miR-130b may regulate EMT via
PTEN/p-AKT/HIF-1α signaling in HCC.

In summary, we found miR-130b to be highly expressed in
HCC via miRNA arrays in various HCC subtypes. Our study
demonstrates that miR-130b is an independent prognostic fac-
tor associated with aggressive tumor phenotypes in two co-
horts. We are the first to show that miR-130b promotes pro-
liferation and EMT-mediated metastasis of HCC via
PTEN/AKT/HIF-1α. This implies that miR-130b may
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promote proliferation and metastasis by directly binding to
PTEN mRNA or by inhibiting PPAR-γ expression, which
then suppresses PTEN. We uncovered a novel function and
molecular mechanism for miR-130b in HCC, which improves
our understanding of proliferation and metastasis.
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