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Abstract Hepatocellular carcinoma (HCC) is the most com-
mon liver malignancy. Current standard practices for treat-
ment of HCC are less than satisfactory because of CSCs-
mediated recurrence. For this reason, targeting CSCs, or can-
cer cells with CSCs-like properties, is a new approach for
HCC treatment. As we reported previously, microRNA-491
(miR-491) is lower expressed in poorly differentiated HCC
tissues relative to well-differentiated HCC tissues. Here, we
further evaluate the effects of miR-491 on the CSCs-like prop-
erties by using HCC cell lines and HCC tissue samples. Our
data showed that miR-491 had a negative relationship with
CSCs-like properties both in cell lines and tissue samples of
HCC. Further, miR-491 levels of non-recurrence HCC tissues
were higher than those of recurrence HCC tissues. In HCC
cell lines, nuclear factor kappa B (NF-κB)/snail pathway was
involved in the epithelial to mesenchymal transition and the
maintenance of CSCs-like properties. Overexpression of miR-
491 targeted G-protein-coupled receptor kinase-interacting

protein 1 (GIT-1), which blocked the activation of NF-κB by
the inhibition of extracellular signal-regulated kinases
(ERKs). Such process attenuated the CSCs-like properties in
HCC cells. Our results point to a previously undefined mech-
anism by which miR-491 decreases CSCs-like properties and
help to identify potential targets for the therapy of HCCs.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth highest inci-
dence of cancer and the third highest cause of cancer death
worldwide [1]. Intrahepatic and extrahepatic metastasis and
postsurgical recurrence lead to poor prognosis for HCC pa-
tients [2]. Current standard treatments such as surgical resec-
tion and liver transplantation for HCC patients are less than
satisfactory as high postsurgical recurrence rates [3, 4]. Re-
searches have been made to discuss molecular factors corre-
lating with the prognosis for HCC patients; however, the mo-
lecular pathogenesis underlying metastasis and recurrence re-
mains obscure. Our previous report showed that microRNA-
491 (miR-491) inhibits metastasis of HCCs through the inhi-
bition of epithelial to mesenchymal transition (EMT) process,
but a continued search for links between miR-491 and the
EMT of HCC is essential [5].

A brand new conception proposed to explain the character-
istics of neoplastic tissues is the existence of self-renewing,
stem-like cells, called cancer stem cells (CSCs) [6]. CSCs
have been identified in lung cancer [7], breast cancer [8],
glioblastoma [9], colorectal cancer [10], and HCC [11]. CSCs
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are defined by their capacity to regenerate new tumors which
constitute only a small portion of the neoplastic cells within a
tumor. On this account, they are also termed tumor initiating
cells. Close relationships have been proven between the EMT
and CSCs in that EMTcells acquire CSCs-like traits as well as
mesenchymal-like appearance of CSCs [12]. We assume that
associations between EMTand induction of CSCs may clarify
the mechanism of EMT-induced tumor metastasis and post-
surgical recurrence.

We previously reported that, as determined by a high-
throughput miRNA microarray, 41 miRNAs are differentially
expressed in HCC tissues with different statuses of differenti-
ation. Among these, miR-491 levels are extensively downreg-
ulated in poorly differentiated HCC tissues relative to well-
differentiated HCC tissues [5]. The present study aimed to
investigate the action of miR-491 on the EMT progression,
and the molecular mechanisms underlying in, which are re-
sponsible for CSCs-like properties and recurrence of HCCs, in
cell lines and tissues with different potentials for metastasis.

Materials and methods

Patients and tissue specimens

This study was reviewed and approved by the Medical Ethics
Committee of Nanjing Medical University. The approbation
of our ethics committees and the participants’ written in-
formed consent were listed in the supporting information. A
cohort of 92 Chinese HCC patients was enrolled in this study.
These patients underwent curative liver resection for primary
tumors between May 2009 and Mar 2012 at The Second Af-
filiated Hospital of Nanjing Medical University (n=32) and
The First Affiliated Hospital of Nanjing Medical University
(n=60). The inclusion criteria of the cohort included (i) having
a distinctive pathologic diagnosis of HCC; (ii) undergoing
surgical resection, defined as complete resection of all tumor
nodules with the cut margin being free of cancer by histologic
examination; and (iii) having complete clinicopathologic data.
An exclusion criterion was prior anticancer treatment before
liver resection. None of the patients had extrahepatic metasta-
ses when they underwent hepatectomies. The clinicopatholog-
ic characteristics of the patients are shown in Table 1.

Cell culture and reagents

MHCC97H and MHCC97L cells (HCC cell lines with high
and low migratory potential, respectively) were obtained from
the Liver Cancer Institute, Zhongshan Hospital, Fudan Uni-
versity, Shanghai, China. They have the same genetic back-
grounds, without cross contaminating with another cell line,
and are widely applied in the study of HCCmetastasis in vitro
[5, 13]. HepG2 cells (an HCC cell line with low migratory

capacity), were obtained from the Shanghai Institute of Cell
Biology, Chinese Academy of Sciences (Shanghai, China).
Cells were maintained in 5 % CO2 at 37 °C in Dulbecco’s
Modified Eagle Medium (DMEM, Life Technologies/Gibco,
Grand Island, NY) supplemented with 10 % fetal bovine se-
rum (FBS, Life Technologies/Gibco), 100 U/ml penicillin,
and 100 μg/ml streptomycin (Life Technologies/Gibco, Gai-
thersburg, MD). A mycoplasma stain assay Kit (Beyotime,
Haimeng, China) was used for mycoplasma testing to rule
out the possibility of cryptic contamination. All the other re-
agents used were of analytical grade or the highest grade
available.

Quantitative real-time polymerase chain reaction

Total cellular RNAwas isolated by use of Trizol (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s recom-
mendations. For detection of CD44, CD90, EpCAM, and
snail, total RNA (2 μg) was transcribed into cDNA by use
of AMV Reverse Transcriptase (Promega, Madison, Wiscon-
sin, USA). Quantitative real-time polymerase chain reaction
(qRT-PCR) was performed using the Applied Biosystems

Table 1 The detailed characteristics of the patients with different status
of differentiation in HCC tissues

Characteristic Well differentiated Poorly differentiated
n=33 n=59

Age (years)

≤50 19 34

>50 14 25

Gender

Male 27 40

Female 6 19

HBsAg

Positive 27 50

Negative 6 9

Serum AFP (ng/ml)

≤200 9 10

>200 24 49

Liver cirrhosis

Yes 27 44

No 6 15

Tumor size

≤3 cm 23 31

>3 cm 10 28

Multinodular tumor

Yes 20 25

No 13 34

BCLC stage

0/A 9 19

B 24 40
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7300HT machine and MaximaTM SYBR Green/ROX qPCR
Master Mix (Fermentas, Waltham, MA, USA). The PCR re-
action was evaluated using melting curve analysis. Glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) was amplified
to ensure cDNA integrity and to normalize expression. For
detection of mature miR-491, 2 μg of total RNA, miR-491-
specific stem-loop RT primers, and MMLV reverse transcrip-
tase (Promega) were used in reverse transcription following
the manufacturer's protocol. The sequences of mature miR-
491 were from Sanger miRBase (http://microrna.sanger.ac.
uk/sequences/). qRT-PCR was performed using the Power
SYBR Green Master Mix (Applied Biosystems, Foster City,
CA, USA) and an ABI 7300 real-time PCR detection system
(Applied Biosystems). The U6snRNAwas used as an internal
control. Fold changes in expression of each gene were calcu-
lated by a comparative threshold cycle (Ct) method using the
formula 2−(ΔΔCt). The primers used were listed in Table 2.

Spheroid formation

In non-adherent dishes (Costar, Cole-Parmer, Vernon Hills,
IL), cells (1×104) were suspended in defined, serum-free me-
dium composed of DMEM/F-12 (Gibco), 10 ng/mL of human
recombinant basic fibroblast growth factor (bFGF, R&D Sys-
tems, Minneapolis, MN), and 10 ng/mL of epidermal growth
factor (EGF, R&D Systems). Cells were grown for 10 days
and fed every 48 h. Total spheres were then counted under a
microscope (Olympus, Tokyo, Japan).

Cell transfection

Anti-con, anti-miR-491, con-mimic, and miR-491-mimic
were synthesized by RiBoBio Co. Cells were transiently
transfected using the Lipofectamine 2000 reagent
(Invitrogen), according to the manufacturer’s protocol. For
miR-491 inhibition, cells were seeded in six-well plates at a
density of 1×105 per well. After 48 h, these cells were
transfected with 100 nM of anti-miR-491 or anti-con for
12 h. For miR-491 overexpression, cells were seeded in six-
well plates at a density of 1×105 per well. After 48 h, these
cells were transfected with 50 nM of miR-491-mimic or con-
mimic for 12 h. After transfection, cells were cultured in fresh
DMEM medium supplemented with 10 % FBS (Gibco), 100
U/ml penicillin, and 100 μg/ml streptomycin (Gibco) for an-
other 24 h before being used for other experiments.

Western blots

Cells were washed twice with ice-cold PBS and then scraped
off in 0.2 mL of buffer (20 mMHEPES, pH 6.8; 5 mMEDTA;
10 mM EGTA; 5 mMNaF; 0.1 μg/mL okadaic acid; 1 mM
DTT; 0.4 M KCl; 0.4 % Triton X-100; 10 % glycerol; 5 μg/
mL leupeptin; 50 μg/mL PMSF; 1 mMbenzamidine; 5 mg/

mL aprotinin; 1 mM Na orthovanadate) and incubated on ice
for 30 min, followed by centrifugation at 12,000 rpm for
15 min. Protein concentrations were measured with the BCA
protein assay (Pierce, Rockford, IL, USA). Afterwards, pro-
teins were diluted to equal concentrations (20 μg), boiled for
5 min, and separated by 10 % sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis. Then the proteins were
transferred to polyvinylidene fluoride (PVDF) membranes
(Millipore, Billerica, USA), which were probed with primary
antibody (dilutions, 1:500) overnight at 4 °C. Antibodies used
were E-cadherin, vimentin, p65, p-p65 (ser536), ERKs, p-
ERKs (Thr202/Tyr204), and snail (Cell Signaling Technolo-
gy); GIT-1 and GAPDH, Sigma. Then, membranes were in-
cubated with horseradish peroxidase-conjugated secondary
antibodies (Beyotime) for 1 h at room temperature (RT) to
enhance chemiluminescence before exposure to film. GAPDH
was used to normalize for protein loading.

Luciferase reporter assay

The pGL3-GIT-1 3′UTR (wide type, wt)-Luc construct and
the pGL3-GIT-1 3′UTR (mutation, mt)-Luc construct were
purchased from Shuntian Biology (Shanghai). The plasmid
phRL-tk (used as internal control for transfection efficiency
and cytotoxicity of test chemicals) containing the Renilla lu-
ciferase gene was purchased from Promega (Madison, WI,
USA). Briefly, cells were plated in 100-mm cell culture
dishes. The cells proliferated to 60 to 80 % confluence after
24 h of culture.MiR-491mimics or miR-491 inhibitor was co-
transfected with the reporter constructs, respectively, by using
Lipofecamine 2000 reagent (Invitrogen, Carlsbad, CA) ac-
cording to the manufacturer’s protocol. After an incubation
period of 12 h, the transfection medium was replaced. Then
the cells were harvested and washed with PBS (pH 7.4). The
cells were lysed with passive lysis buffer (Promega). The cell
lysates were analyzed immediately with a 96-well plate
luminometer (Berthold Detection System, Pforzheim, Germa-
ny). The amounts of luciferase and Renilla luciferase were
measured with the Dual-Luciferase Reporter Assay System
Kit (Promega) following the manufacturer’s instructions.
The values of luciferase activity for each lysate were normal-
ized to the Renilla luciferase activity. The relative transcrip-
tional activity was converted into fold induction above the
vehicle control value.

Southwestern analyses

Southwestern analyses were performed as described previous-
ly [14]. Briefly, the nuclear extracts (80 μg) were separated by
SDS-PAGE and transferred to nitrocellulose membranes
(Millipore). After the transfer, the filters were hybridized for
2 h at 20 °Cwith binding buffer containing 40 ng of the biotin-
labeled probe (κB: GGGGGTTTCC). The positions of the
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biotin end-labeled oligonucleotides were detected by a chemi-
luminescent reaction according to the manufacturer’s instruc-
tions (Pierce, Rockford, USA) and visualized by
autoradiography.

Statistical analysis

Derived values were presented as the means±SD. A Student’s
t test, and a one-way analysis of variance (ANOVA) followed
by Dunnett’s t test were used to assess significant differences
between groups. P values <0.05 were considered statistically
significant.

Results

Expressions of miR-491 and CSCs-like markers are
associated with malignant behavior of cell lines and tissue
samples of HCC

Our previous study showed that miR-491 expression was
downregulated in 17 poorly differentiated HCC tissues [5].
Here, we continuously verified that the expression of miR-
491 was downregulated in the poorly differentiated group in
92 HCC tissues (Fig. 1a). CD44, CD90, and EpCAM are
representative cell-surface markers of CSCs-like cells in
HCC [15]. We then used qRT-PCR to determine the expres-
sions of CSCs-like surface markers in these HCC tissues. As
shown in Figs. 1b, c, expressions of CD44, CD90, and
EpCAM mRNA in poorly differentiated HCCs were higher
than those in well-differentiated HCCs.

Next, we used three HCC cell l ines HepG2,
MHCC97L, and MHCC97H (our previous study showed
that the migration potential, HepG2<MHCC97L<

MHCC97H [5]) to specify the relationship between
miR-491 and CSCs-like properties in HCC. High rates
of migratory behavior of HCC cell lines were prone to
have a lower expression of miR-491 (Fig. 1d), and more
elevation of CSCs-like properties as determined by
CSCs-like markers (Fig. 1e) and formation of spheroids,
which represented the capacity for self-renewal [16]
(Fig. 1f, g). These results indicate that miR-491 has a
negative relationship with CSCs-like properties both in
cell lines and tissue samples of HCC.

MiR-491 attenuates the CSCs-like properties in HCC cells

We then investigated the functions of miR-491 on CSCs-
like properties in HCC cell lines. Compared with HepG2
cells, there was relative lower background expression of
miR-491 in MHCC97H cells. Here, overexpression of
miR-491 (Fig. 2a) decreased the expressions of CD44,
CD90, EpCAM (Figs. 2b, c), and attenuated the capacity
for formation of spheroids (Fig. 2d). Further, in HepG2
cells, knockdown of miR-491 (Fig. 2e) improved the
expressions of CD44, CD90, EpCAM (Figs. 2f, g), and
elevated the capacity for formation of spheroids
(Fig. 2h). These results suggest that miR-491 attenuates
the CSCs-like properties in HCC cells.

NF-κB is involved in the maintenance of CSCs-like prop-
erties of HCC cells and is associated with malignant behavior
in HCC tissue samples.

We previously showed that NF-κB is involved in the
acquirement of EMT and CSCs-like properties by the
activation of snail [16]. Here, as shown in Fig. 3a, acti-
vation of NF-κB (as determined by the phosphorylation
of NF-κB/p65), the expression of vimentin (a mesenchy-
mal marker), and snail in poorly differentiated HCCs was

Table 2 Primers used for qRT-
PCR Genes Primers (5′-3′)

CD44 TGAGCATCGGATTTGAGAC (F)

CATACTGGGAGGTGTTGGA (R)

CD90 AAGGAGAAACAGGAAACCTC (F)

ACAGACACAGTCCAACTTCC (R)

EpCAM AAGGAGAAACAGGAAACCTC (F)

ACAGACACAGTCCAACTTCC (R)

Snail TTCTCCCGAATGTCCCT (F)

TCAGCCTTTGTCCTGTAGC (R)

miR-491 (for RT) CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCCTCATGG

miR-491 (for qPCR) ACACTCCAGCTGGGAGTGGGGAACCCTTCC (F)

TGGTGTCGTGGAGTCG (R)

U6 (for RT) AAAATATGGAACGCTTCACG

U6 (for qPCR) CGCTTCGGCAGCACATATACTAAAATTGGAAC (F)

GCTTCACGAATTTGCGTGTCATCCTTGC (R)
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higher than those in well-differentiated HCC tissues;
while the expression of E-cadherin (an epithelium mark-
er) was lower than that in well-differentiated tissues. In
HCC cell lines, we also found that, with more migration
behavior of HCC cells, there was more increased phos-
phorylation of NF-κB/p65 (Fig. 3b).

Then, we used a specific siRNA to knockdown
NF-κB for further investigating the effects of NF-κB on
CSCs-like properties in HCC cells. As MHCC97H cells
exhibited a spindle-like mesenchymal morphology [5],
we firstly determined the functions of NF-κB on the
EMT process in MHCC97H cells. Our data showed that

Fig. 1 Expressions of miR-491 and CSCs-like markers are associated
with malignant behavior of cell lines and tissue samples of HCC. a and b
qRT-PCR analyses of miR-491, CD44, CD90, and EPCAM levels in
HCC tissues with different statuses of differentiation, **p<0.01
compared with well-differentiated group. c Western blot analyses of the

expressions of CD44, CD90, and EpCAM proteins. d and e qRT-PCR
analyses of miR-491, CD44, CD90, and EPCAM levels in HCC cells. f
Free-floating, viable spheres formed by HCC cells (bars 125 μm). g
Sphere quantitation.*p<0.05 and **p<0.01 compared with HepG2
cells; ##p<0.01 compared with MHCC97L cells

Fig. 2 MiR-491 attenuates the CSCs-like properties in HCC cells. a–d
MHCC97H cells were transfected by con-mimic or miR-491 mimic for
12 h. a and b qRT-PCR analyses of miR-491, CD44, CD90, and EPCAM
levels in MHCC97H cells. cWestern blots analyses of CD44, CD90, and
EPCAM levels in MHCC97H cells. d, top Free-floating, viable spheres
formed by HCC cells (bars 125 μm), bottom Sphere quantitation.
**p<0.01 compared with MHCC97H cells transfected by con-mimic.

e–h HepG2 cells were transfected by anti-con or anti-miR-491 for 12 h.
e and f qRT-PCR analyses of miR-491, CD44, CD90, and EPCAM levels
in HepG2 cells. g Western blots analyses of CD44, CD90, and EPCAM
levels in HepG2 cells. h, top Free-floating, viable spheres formed by
HCC cells (bars 125 μm), bottom Sphere quantitation. *p<0.05 and
**p<0.01 compared with HepG2 cells transfected by anti-con
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knockdown of NF-κB improved the expression of E-
cadherin but decreased the expression of vimentin, and
changed the cell morphology to an epithelial-like proper-
ties (Figs. 3c, d). Then, we further investigated the ef-
fects of NF-κB on CSCs-like properties in both
MHCC97L and MHCC97H cells. Here, knockdown of
NF-κB decreased the expressions of CD44, CD90, and
EpCAM (Fig. 3e), and attenuated the capacity for forma-
tion of spheroids (Figs. 3f, g). Collectively, these data
suggest that the NF-κB may be involved in the mainte-
nance of CSCs-like properties in HCC cell lines and
tissue samples.

MiR-491 blocks the activation of NF-κB/snail signal
pathway by GIT-1-mediated ERKs inactivation

We then determined the effects of miR-491 on the signal
pathway of NF-κB. Compared with HepG2 cells, there
was relative lower background expression of miR-491
and higher background activation (phosphorylation) of
NF-κB in MHCC97H cells. We firstly used miR-491-
mimc to improve the expression of miR-491. As shown
in Figs. 4a, b, overexpression of miR-491 decreased the
levels of p-p65 and snail. Meanwhile, southwestern assay
suggested that miR-491 attenuated the DNA-binding

Fig. 3 NF-κB is involved in the maintenance of CSCs-like properties of
HCC cells and is associated with malignant behavior in HCC tissue
samples. Western blots analyses of E-cadherin, vimentin, snail, p-p65,
and p65 levels in HCC tissues with different statuses of differentiation
(a) and in HCC cells (b). c–eMHCC97H cells were transfected by 10 nM
of con-siRNA or p65-siRNA for 12 h. c Western blots analyses of E-

cadherin, vimentin, and p65 levels. d Cell morphology. e qRT-PCR
analyses of CD44, CD90, and EPCAM levels. f and g MHCC97L and
MHCC97H cells were transfected by 10 nMof con-siRNAor p65-siRNA
for 12 h, respectively. f Free-floating, viable spheres formed byHCC cells
(bars 125 μm), g Sphere quantitation. **p<0.01 compared with cells
transfected by con-siRNA
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activity of NF-κB (Fig. 4c). Then we used HepG2 cells
to further confirm our conclusion. As shown in Fig. 4d,
e, knockdown of miR-491 improved the expressions of
p-p65 and snail. These results indicate that miR-491
blocks the activation of NF-κB/snail signal pathway in
HCC cells.

We further determined the upstream regulator in-
volved in the miR-491-mediated inhibition of NF-κB.
Recent study suggests that the G-protein-coupled recep-
tor kinase-interacting protein 1 (GIT1), a ERKs activa-
tor, is a direct target gene controlled by miR-491 in oral
squamous cell carcinoma [17–20]. Here, to verify
whether miR-491 directly targeted GIT-1 in HCC cell
lines, luciferase reporter assays were conducted. In
MHCC97H, co-transfected with pGL3-GIT-1 3′UTR
(wt)-Luc construct and miR-491-mimic caused a signif-
icant decrease in the luciferase activity (Fig. 4f). We
previously demonstrated that ERKs was an upstream
regulator, which activated NF-κB 26. Here, knockdown
of GIT-1 decreased the phosphorylation of p-ERKs and
p65 (Fig. 4g). Furthermore, in HepG2 cells, knockdown
of miR-491 improved the activation of ERKs and
NF-κB, however, inhibition of ERKs blocked such phe-
nomenon (Fig. 4h). Collectively, these results suggest
that miR-491 blocks the activation of NF-κB/snail sig-
nal pathway by GIT-1-mediated ERKs inactivation.

MiR-491 is inversely correlated with recurrence in HCC
patients

We conducted a long-term follow-up work for overall 92 post-
surgical HCC patients. Data showed that the recurrence rate
(38/59) in poorly differentiated HCC patients was obviously
higher than that (9/33) in well-differentiated HCC patients,
which demonstrates that the outcome of poorly differentiated
HCC patients is poorer than that of well-differentiated HCC
patients. After that, we re-divided the HCC tissue specimens
(the initial tissue samples taken during surgical removal of
tumors) into both non-recurrence and recurrence groups, and
re-determined the expressions of miR-491 and CSCs-like
markers. The expression of miR-491 was downregulated in
the recurrence group (Fig. 5a) while the expressions of CD44,
CD90, and EpCAM in recurrence group were higher than the
level in non-recurrence group (Figs. 5b, c). These results
prompt that miR-491 is inversely correlated with the CSCs-
like properties and the probability of recurrence in HCC
patients.

Discussion

HCC has represented the sixth most common cancer for years
worldwide as well as being the third leading cause of cancer

Fig. 4 MiR-491 blocks the activation of NF-κB/snail signal pathway. a–
cMHCC97H cells were transfected by con-mimic or miR-491 mimic for
12 h. aWestern blots analyses of snail, p-p65, and p65 levels. b qRT-PCR
analyses of snail level. c Southwestern blots analyses the binding of NF-
κB to DNA (κB: GGGGGTTTCC). **p<0.01 compared with

MHCC97H cells transfected by con-mimic. d and e HepG2 cells were
transfected by anti-con or anti-miR-491 for 12 h. dWestern blots analyses
of snail, p-p65, and p65 levels. e qRT-PCR analyses of snail level.
**p<0.01 compared with HepG2 cells transfected by anti-con
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related death. Surgical resection and liver transplantation still
stands for the primary treatment guidelines for HCC. Despite
molecular biological and the clinical advances, high-
frequency postsurgical recurrence constrains the development
of prognosis for HCC [1, 2]. Current chemotherapy against
HCC usually aims at the bulk population of tumor cells direct-
ly, which successfully shrinks the primary tumor but fails to
eradicate the lesions consistently [3, 4]. The discovery among
the ideas of CSCs has renovated our view of carcinogenesis
and chemotherapy. CSCs, also termed tumor initiating cells,
underline the capacity to form new metastasis tumors, CSCs
are critical to the formation and growth of neoplastic tissue
and the resistance to chemotherapeutic agents, which dis-
closes why traditional drugs can initially shrink a tumor but
fail to eradicate it, leading to the ultimate recurrence [21].
Therefore, a continuous research for the molecular markers
that target HCC cells with CSCs-like properties is
indispensible. As we reported previously, miR-491 is in-
volved in metastasis of HCC by inhibition of MMPs and the
EMT. Here, we further found that miR-491 could attenuate the
CSCs-like properties and inversely correlated with the recur-
rence of HCC.

The EMT features a loss of epithelial properties, such as
cell adhesion; low expression of the epithelial marker, E-
cadherin; and acquisition of mesenchymal properties, such
as increased cell motility and expression of the mesenchymal
marker, vimentin. It is involved in the development of em-
bryogenesis [22]. In the case of cancer, similar cell transfor-
mations are recapitulated during its pathological processes.
Most of the research conducted on the EMT process has con-
centrated on the morphology of the invasion and metastasis of
cancer cells. Particularly, there is a relationship between the
EMT and CSCs in that stem cell-like traits enable EMT pro-
cesses while CSCs display a mesenchymal-like appearance.
The link between EMT and induction of CSCs may account
for why EMT induces the initiation and progression of

neoplasm. Several developmental genes that induce EMT act
as E-cadherin repressors such as snail, slug, and twist1/2 [23,
24]. The first among these is zinc-finger transcriptional factors
from snail family that bind DNA by recognizing E-box motifs
in target promoters like E-cadherin [25]. The initiation and
maintenance of EMT process embodies a variety of signal
pathways. Our previous study demonstrated that miR-491 in-
hibits EMT in HCC cell lines and in HCC tissues. In this
report, we further found that such process might be mediated
by the inhibition of NF-κB/snail signal pathway.

NF-κB signaling pathway is involved in cancer develop-
ment and progression. Inhibition of NF-κB restrains the cell
transformation induced by tumor promoters [16]. Snail func-
tions as a regulator to suppress the expression of adhesion
molecules and to assist the escape of tumor cells from cell
death during EMT. NF-κB binds to the snail promoter and
transcriptionally upregulates snail expression [16, 25]. As
shown in the present study, overexpression of miR-491 in-
hibits NF-κB and snail expression in MHCC97H cells.
However, in HepG2 cells, knockdown of miR-491 blocks
NF-κB/snail signaling. Further, in our present study, miR-
491 inhibited phosphonation of p65, but the expression of
p65 was not affected, suggesting the indirect activation of
miR-491 on p65 activation. Recent study suggests that the
G-protein-coupled receptor kinase-interacting protein 1
(GIT1) is a direct target gene controlled by miR-491 [17].
Overexpression of GIT1 abolishes the miR-491-mediated
inhibition of cancer metastasis [17]. Moreover, GIT1 binds
to extracellular signal-regulated kinases (ERKs), which acti-
vates ERKs in response to epidermal growth factor [18, 19];
further, GIT1 activates ERKs to induce growth in human
liver and colon cancer [20]. We and other groups previously
showed that ERKs upregulated the activation of NF-κB
[26–28]. Here, we suggested that the direct target of miR-
491 on upstream of NF-κB pathway was the GIT1-mediated
ERKs activation.

Fig. 5 MiR-491 is inversely correlated with recurrence in HCC patients.
a and b qRT-PCR analyses of miR-491, CD44, CD90, and EPCAM
levels in HCC tissues with different outcome (recurrence or no-

recurrence), **p<0.01 compared with no-recurrence group. c Western
blots analyses of CD44, CD90, and EPCAM levels in HCC tissues with
different outcome (recurrence or no-recurrence)
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In sum, in HCC cells and tissue samples, miR-491 de-
creases activation of the NF-κB/snail signal pathway by
GIT-1 mediated ERKs inactivation. Such process blocks the
EMT process. Such progression attenuates the CSC-like prop-
erties in HCC cells. The results help to identify potential tar-
gets for the therapy of HCC.
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