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miR-101 is considered to play an important role in hepato-
cellular carcinoma (HCC), but the underlying molecular
mechanism remains to be elucidated. Here, we aimed to
confirm whether Girdin is a target gene of miR-101 and
determine the tumor suppressor of miR-101 through Gir-
din pathway. In our previous studies, we firstly found Gir-
din protein was overexpressed in HCC tissues, and it
closely correlated to tumor size, T stage, TNM stage and
Edmondson-Steiner stage of HCC patients. After specific
small interfering RNA of Girdin was transfected into HepG2
and Huh7.5.1 cells, the proliferation and invasion ability of
tumor cells were significantly inhibited. In this study, we
further explored the detailed molecular mechanism of Gir-
din in HCC. Interestingly, we found that miR-101 signifi-
cantly low-expressed in HCC tissues compared with that in
matched normal tissues while Girdin had a relative higher
expression, and miR-101 was inversely correlated with
Girdin expression. In addition, after miR-101 transfection,
the proliferation, migration and invasion abilities of HepG2
cells were weakened. Furthermore, we confirmed that Gir-
din is a direct target gene of miR-101. Finally we confirmed
Talen-mediated Girdin knockout markedly suppressed cell
proliferation, migration and invasion in HCC while down-
regulation of miR-101 significantly restored the inhibitory
effect. Our findings suggested that miR-101/Girdin axis
could be a potential application of HCC treatment.

INTRODUCTION

According to 2012 American cancer statistics, hepatocellular
carcinoma (HCC) is the fifth most common malignant tumor
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with an increasing incidence (Siegel et al., 2013). HCC is diffi-
cult to diagnose as early-stage disease, resulting in poor sur-
vival. In recent years, great advances have been made in diag-
nostic techniques and treatment of HCC, yet the overall survival
of patients is still relatively low (Tameda et al., 2014). Therefore,
the molecular mechanisms underlying HCC is expecting for
further research.

MicroRNAs are conserved non-coding RNAs with the length
of 19-25nt, which regulate gene expression at the post-
transcriptional level (Kim et al., 2015; Peng et al., 2015; Xu et
al., 2013). The abnormal miRNA expression has been reported
in many kinds of cancer, whereby miRNA plays act as either
tumor suppressor or promoter (Landgraf et al., 2007). Recent
studies have revealed that a series of mMiRNAs are played cru-
cial roles in HCC progression. MiR-195 has been proved to
function as a tumor suppressor by inhibiting CBX4 in HCC
(Zheng et al., 2015). However, miR-21 acts as promoter for
tumor metastasis in HCC (Zhou et al., 2013). These miRNAs
can be used as diagnostic markers or therapeutic targets for
HCC. The above research findings highlight the importance of
miRNAs in the oncobiological behavior, but their specific mole-
cular mechanisms remain to be elucidated.

Girdin protein was discovered in 2005 and according to its
functions was named as girders of actin filaments, Akt phos-
phorylated enhancer, Hook-related protein 1 and transport ve-
sicle-related Go. binding protein, respectively (Anai et al., 2005;
Enomoto et al., 2005; Le-Niculescu et al., 2005; Simpson et al.,
2005). Human Girdin protein was encoded through coiled-coil
domain containing 88A (CCDC88A) gene that is located on
chromosome 2p16.1. Numerous studies have shown that Gir-
din is highly expressed in many styles of tumor tissues, includ-
ing gastric cancer (Wang et al., 2014), esophageal cancer (Shi-
bata et al., 2013), colorectal cancer (Zhang et al., 2014) and
breast cancer (Jin et al., 2013). In our previous researches,
high expression level of Girdin was found in HCC tissues and it
closely correlated to tumor size, T stage, TNM stage and Ed-
mondson-Steiner stage of HCC patients. After specific small
interfering RNA of Girdin was transfected into HepG2 and
Huh7.5.1 cells, the proliferation and invasion ability of tumor
cells were significantly inhibited (Cao et al., 2015). However, the
concrete mechanisms of Girdin on proliferation, migration and
invasion in HCC remain to be elucidated.

According to multiple microRNA target gene prediction soft-
ware packages, such as TargetScan and miRanda, Girdin mRNA
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3-UTR is highly predicted to be a target gene of miR-101. Based
on these findings, we have proposed the hypothesis that miR-
101 inhibits HCC cell proliferation, migration and invasion by
directly regulating Girdin.

In this study, we found that miR-101 expression in the HCC
tissue was significantly downregulated compared with that in
the para-cancer tissue while Girdin mRNA expression in HCC
tissue was upregulatied compared with that in the para-cancer
tissue. Upon miR-101 transfection, the proliferation, migration
and invasion abilities of HepG2 cells were weakened. In addi-
tion, the dual luciferase assay confirmed that Girdin is the direct
target gene of miR-101. Finally we confirmed Talen-mediated
Girdin knockout remarkably suppressed cell proliferation, mi-
gration and invasion abilities in HCC while down-regulation of
miR-101 significantly restored the inhibitory effect. Thus, miR-
101/Girdin axis may be a promising molecular target for HCC
therapy.

MATERIALS AND METHODS

Tissue samples and cell lines

Forty-five cases of specimens of HCCs and the para-cancer
tissues (the distance between the tissue and cancer tissue was
>2 cm) were selected from Xiangya Hospital and the Third
Xiangya Hospital of Central South University. All patients had
signed informed consent forms and the study had received
approval from Xiangya Hospital Ethics Committee. Human
hepatocellular carcinoma cell strain HepG2 (ATCC, USA) was
purchased from Cell Biology Laboratory, Xiangya School of
Medicine, Central South University. HepG2 cells were cultured
in @ medium containing DMEM and 10% FBS in a 5% CO,
incubator at 37°C.

gRT-PCR

The Girdin amplification primer sequence was downloaded
from NCBI and Primer5.0 software was used to design primers.
The primer sequences of Girdin were as follows: forward 5'-
GACCAACTAGAGGGAACTCG-3' and reverse 5-TACTTTGT
TTCTGTGCCATT-3. The primer sequences of B-actin sense
strand was: AGGGGCCGGACTCGTCATACT and the anti-
sense strand was: GGCGGCACCACCA TGTACCCT. Both
miR-101 (HmIRQP0020) and U6 (HMiRQP9001) primers were
purchased from Guangzhou Fulengen Co., Ltd. (China). TRIzol
method (Invitrogen) was used to extract the total RNA of cells
and tissues. The purity and integrity of RNA was examined on a
Micro-UV Spectrophotometer and RNA electrophoresis. Total
RNAs was reverse- transcribed into cDNA with miScript Il RT
Kit (Qiagen, USA) on an ABI-9600 PCR Amplifier (PerkinElmer)
detected by ABI PRISM 7700 Sequence Detection System
(PerkinElmer). Samples were compared by using the relative
expression level was calculated via the 27““¢T method. Girdin
mRNA expression level was normalized to B-actin, while miR-
101 expression level was normalized to U6.

Cell transfection

miR-101 mimics, miR-101 inhibitor and miRNA NC mimics
were purchased from Guangzhou Fulengen Co., Ltd. (China).
Talen kit was purchased from SiDanSai Company (China). The
HepG2 cells were inoculated into the 60mm cell culture dish (5
ml/well) by density of 1 x 10°cells/ml. When the cells reached
80% confluence, Lipofectamin2000 (Invitrogen) was used to
transfect miR-101 mimics, miR-101 inhibitor and miRNA NC
mimics into HepG2 cells according to the instructions, respec-
tively. According to the method reported by literatures, plasmids
were transfected into HepG2 cells in order to perform the
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knockout of the Girdin gene (Cao et al., 2014). 48h after trans-
fection, the fluorescence microscopy and the qRT-PCR were
used to detect whether the cell cloning process was successful.

CCK-8 test

48 h after transfection, the cells were inoculated to a 96-well
plate by 5 x 10° cells for each well. Five repeated wells were
set in each group. Cells were cultured for 24, 48, 72 h, respec-
tively, and CCK-8 was added to each well for 2 h at 37°C.
ELIASA was used to detect absorbency value at a wavelength
of 450 nm.

Scratch test and Transwell test

The 48 h after transfection, the cells were inoculated to a 24-
well plate by 1 x 10° cells per well. When the cells covered the
well bottom, the 10uL tip was used to scratch the cell monolay-
er. And a serum-free medium was used to wash it twice. Im-
ages were captured at different time points (0 and 24 h) by
microscopy to assess the rate of gap closure. Scratch healing
rate = (scratch width at O time point — scratch width at 24 time
points)/scratch width at hour O time point x 100%.

The Transwell chamber was placed in a 24-well culture plate.
A 500 pl preheated serum-free medium was added into the
invasion chamber. After transfection, the density of HepG2 cells
was adjusted to 5 x 10° cells/ml with a serum-free medium. A
100 wl cell suspension was added into each upper chamber,
and a 500 pl medium containing 10% FBS was added into the
lower chamber. After 24 h, cotton swabs were used to wipe
cells on the upper surface, while cells attached to the mem-
branes were fixed in 4% paraformaldehyde for 20 min and
stained with hematoxylin. The results of the Transwell assay
were imaged and the number of invasive cells was evaluated
by the OD value.

Western blot

The 48 h after transfection, the cellular protein was extracted.
After the protein concentration was measured via the BCA me-
thod, 5% stacking gel and 12% separating gel were performed
SDS-PAGE electrophoreses. After that, the substances were
transferred to a PVDF membrane. Rabbit anti-human Girdin
polyclonal primary antibody (SC-133371, Santa Cruz Biotech-
nology) was added and kept in a shaker at 4°C overnight, and
goat anti-rabbit secondary antibody (111-035-003, Jackson)
was added for incubation at 37°C for 1 h. X-ray film was ex-
posed, developed and fixed. The incubation and coloring of 3-
actin internal reference antibody were the same as the above
mentioned methods, and the primary antibody and secondary
antibodies used were mouse anti-human B-actin monoclonal
antibody (BM0272, ABZOOM) and goat anti-mouse secondary
antibody (111-035-008, Jackson), respectively.

Dual luciferase assay

psiCHECKTM-2 vector (Promega) was purchased from Aura-
gene Bioscience Corporation Inc. (China). miR-101 binds to
two sites of Girdin-3'UTR, the vectors of the two sites were built,
respectively, which were named UTR-1 and UTR-2. Two re-
striction endonucleases, Xhol and Notl, were used to clone the
target gene fragment into the vectors. The primer sequences of
Girdin-3'UTR and mutant Girdin-3'UTR are shown below. When
the confluence of cells reached 50-60% in the 24-well plate, a
0.5 pug reporter gene plasmid and miR-101 mimics and miRNA
NC mimics were co-transfected into HepG2 cells. The 48 h
after transfection, the Dual-Luciferase Reporter Assay System
E1910 (Promega, USA) was used to detect the activities of
firefly luciferase and renilla luciferase in each group, and ratio of
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Fig. 1. miR-101 and Girdin expression in HCC tissue. (A) miR-101 expression level in HCC tissue was significantly lower than that seen in the
para-cancer tissue, and miR-101 expression level in phase Ill/IV was lower than that seen in stage I/ll. (B) Girdin expression level in HCC
tissue was significantly higher than that seen in the para-cancer tissue, and Girdin expression level in stage Ill/IV was higher than that seen in
stage I/ll. PT: para-cancer tissue. Box-plot diagrams with median, maximum, minimum values and non-outlier range. (C) The correlation of
miR-101 expression and Girdin mRNA level was analyzed. ‘P < 0.05, "'P < 0.001.

renilla luciferase activity/firefly luciferase activity (R/F) was used
as the relative activity value.

Girdin-3'-UTR gene sequence was downloaded from NCBI.
Primer 5.0 software was used for primer design, and primer
sequences are as follows:

Girdin-3-UTR-1-F:
(Xhol)
Girdin-3-UTR-1-R: GCGGCCGCGCTAACCAAATAAGGCTCT
(Notl)

Mut-Girdin-3'-UTR-1-F:
GCGGCCGCCAGGCAAGAAATACAAACC (Notl)
Mut-Girdin-3'-UTR-1-R: CTCGAGGCTAACCAAATAAGGCTCT
(Xhol)

Girdin-3-UTR-2-F : CTCGAGTTGTATGTAGCACCTTTC
(Xhol)

Girdin-3-UTR-2-R : GCGGCCGCCATTGTCCAAATATCTCAA
(Notl)

Mut-Girdin-3'-UTR-2-F:
GCGGCCGCTTGTATGTAGCACCTTTC  (Notl)
Mut-Girdin-3-UTR-2-R: CTCGAGCATTGTCCAAATATCTCAA
(Xhol)

CTCGAGCAGGCAAGAAATACAAACC

Statistical method

All tests were repeated at least three times, and SPSS 17.1
(USA) was used for statistical analysis. The experimental data
were expressed as X + SD (n = 3), independent sample t-test
was used for comparison between the two sets of data, and
univariate variance analysis or rank sum test were used for
comparison between groups. The difference of P < 0.05 was
statistically significant.

RESULTS

Low miR-101 expression and high Girdin expression in
HCC tissue

In order to verify the abnormal expression of miR-101 in HCC,
qRT-PCR method was used to detect miR-101 expression in
45 cases of HCC tissues and the para-cancer tissues. The
experimental results showed that the miR-101 expression level
in HCC tissue was significantly lower than that in the para-
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cancer tissue (Fig. 1A), and the miR-101 level in HCC tissue
specimens in stage IlIl/IV (15 cases) was lower than that found
in stage /1l (30 cases).

The result of Girdin mRNA expression in 45 cases of HCC
tissues and the para-cancer tissues detected via RT-PCR me-
thod was consistent with previous results of our team. As
shown in Fig. 1B, Girdin mRNA expression level in HCC tissue
was significantly higher than that in the para-cancer tissue, and
Girdin mRNA level in HCC tissue specimens in stage IlI/IV (15
cases) was also higher than that found in stage /Il (30 cases).

The correlation analysis (Fig. 1C) of Girdin and miR-101 in
HCC tissue confirmed the negative relationship between the
miR-101 and Girdin which indicated that miR-101 may inhibited
Girdin in HCC tissue.

In order to confirm whether miR-101 directly regulates Girdin,
we transfected miR-101 mimics and miRNA NC mimics into
HepG2 cells, respectively. The fluorescence microscopy (Fig.
2A) and RT-PCR method (Fig. 2B) were used to detect post-
transfection miR-101 expression levels in HepG2 group (miR-
101-HepG2), blank group (NC-HepG2) and the negative con-
trol group (HepG2). The results showed that miR-101 had been
successfully transfected into HepG2 cells.

MiR-101 overexpression inhibits HepG2 cell proliferation
ability

CCK-8 method (Fig. 2C) was used to detect the effect of miR-
101 transfection on HepG2 cell proliferation. At 24, 48, 72 h
time points, the proliferation rates in HepG2 group (miR-101-
HepG2) receiving miR-101 transfection were significantly lower
than that in the group (NC-HepG2) and the untreated group
(HepG2), while there was no statistically significant difference
between NC-HepG2 group and HepG2 group. This suggested
that the up-regulation of miR-101 expression inhibits HepG2
cell proliferation ability.

MiR-101 overexpression inhibits HepG2 cell migration and
invasion abilities

Scratch test result (Fig. 3A) showed that the scratch healing
rates in the miR-101-HepG2 group was significantly lower than
the cells in the blank control group and negative control group
(P < 0.05). The results indicated that upregulation of miR-101
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Fig. 2. Overexpression of miR-101 inhibited the proliferation ability of HepG2 cells. HepG2 cells were transfected with miR-101 mimics or NC-
mimics, and cells were divided into three groups: untreated HepG2 group, NC-HepG2 group and miR-101-HepG2 group. (A) Representative
fluorescence microscopy picture (x 100, the two small upper pictures) and white light microscopy picture (x 100, the two small lower pictures)
are shown in the lower left part. (B) RT-PCR method was used to detect the miR-101 expression levels in HepG2 group, the blank group and
the negative control group after transfection of miR-101. The untreated group (HepG2 group) was set as 1. (C) CCK method was used to

detect cell proliferation at specific time points, P < 0.05, P < 0.001.

expression inhibits HepG2 cell migration.

The Transwell invasion test result (Fig. 3B) showed that the
number of invading cells in overexpressing miR-101 group
was much less than that in either the NC-treated groups or
non-treated blank groups. These results suggested that up-
regulation of miR-101 expression inhibits invasion ability of
HepG2 cells.

Girdin is the target gene of miR-101 in HepG2 cells

Girdin, which exhibits tumor promoter in many kinds of cancer.
To test whether miR-101 inhibited tumor proliferation, migration
and invasion through Girdin suppression we used western blot
(Fig. 4A) and gRT-PCR (Fig. 4B) analyses to examine the ex-
pression of Girdin in HepG2 cells. In correspondence with our
hypothesis, the results revealed that Girdin mRNA and protein
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expression levels were decreased when miR-101 was overex-
pressed.

To further explore this hypothesis, we amplified the Girdin
3-UTR containing the target sequence (Supplementary Fig.
S1) in which there are two possible biding sites (the under-
line position). Either left intact or mutated (Supplementary Fig.
S2) sequence was inserted into a psiCHECK?2 luciferase re-
porter vector. We detected fluorescence activity intensity of
the dual luciferase reporter vectors, as shown in Fig. 4C. Luci-
ferase activity intensity in cell samples co-transfected with
WT-Girdin-3'-UTR-psi-CHECK2 plasmid and miR-101 mimics
was significantly down-regulated than that in the other two
groups (Fig. 4C). These results suggest that miR-101 directly
combines to the 3-UTR of Girdin and Girdin is a target gene
of miR-101.

Fig. 3. Overexpression of miR-101

inhibited HepG2 migration and

invasion abilities. (A) The scratch

test was used to detect cell migra-

tion rates at 0, 24, 48 h, and the

an representative microscopy picture

(x 40) was shown in the upper left

- part. (B) The Transwell test method
was used to detect cell invasion
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Fig. 4. Girdin is the target gene of
miR-101. (A) Western blotting was
used to detect the protein expression
level of Girdin in HepG2 cells and (-
actin was used as the internal control.
(B) gRT-PCR was used to detect the
expression levels of Girdin mRNA in
different treatment groups. (C) Cells
were divided into three groups: non-
treated blank (HepG2), negative con-
trol (NC-HepG2), and hsa-mir-101
(miR-101-HepG2), and co-transfected
with either the WT Girdin reporter
vector (Girdin) or the mutant (Girdin-
Mut) vector. Fluorescence activities in
different groups were detected. The
normalized luciferase activity in the
control group was set to 1. P <0.05,
"P<0.01, "P<0.001.

Fig. 5. Silencing Girdin expression inhi-
bited proliferation ability of HepG2 cells.
(A) The plasmid structure of Talen vector.
(B) HepG2 cells were transfected plas-
mids in order to knockout of the Girdin
gene. Forty-eight hours later Girdin ex-
pression levels were determined by
western blotting. (C) CCK method was
used to detect proliferation of HepG2 cell
at indicated time points. ‘P < 0.05, P <
0.001 (NC vs. Girdin-KO), #P < 0.01,
" p < 0.001 (Girdin-KO+miR-101 inhibi-
tor vs. Girdin-KO).

http://molcells.org



miR-101 Targets Girdin in HCC
Ke Cao et al.

A NC o Girdin-KO+ B 1 NC
Girdin-KO miR-101-inhibitor 504 B Girdin-KO
Il Girdin-KO+miR-101-inhibitor
40 X
b ® =
§
.% 204
=
10
24h
0 24
Time (hours)
C D
*
Girdin-KO+ 0.6 .
Girdin-KO miR-101-inhibitor =
(ﬁ”’" y*f."\z : - g o
*'g‘ T4, % 5 0.4-
5 oo g s
Q
[=
'§ 0.2+
o
7]
k-]
<
0.0 T
NC Girdin-KO  Girdin-KO+

miR-101-inhibitor

Fig. 6. Silencing Girdin expression inhibited migration and invasion abilities of HepG2 cells. (A, B) The scratch test was used to measure mi-
gration ability of HepG2 cell in different treatment groups. (C, D) The Transwell test was performed to detect cells invasion ability in different

treatment groups. KO: knockout, P<0.05 "P<0.01, " P<0.001.

Silencing Girdin expression can inhibit proliferation and
migration abilities of HepG2 cells

To further confirm the effects of miR-101/Girdin axis on HepG2
cells, the cells were divided into three groups, the group which
was transfected with blank plasmid (NC), the group which was
co-transfected with two Talen plasmids (Girdin-KO) and the
group was con-transfected with two Talen plasmids and miR-
101 inhibitor (Girdin-KO+miR-101 inhibitor). Western blotting
(Fig. 5B) were used to detect Girdin expression levels in
HepG2 group (Girdin-KO) as well as the con-transfected group
(Girdin-KO+miR-101 inhibitor) and the negative control group
(NC). The results showed that Girdin had been successfully
silenced in HepG2 cells while down-regulation of miR-101 sig-
nificantly restored the Girdin expression level. CCK-8 assays

(Fig. 5C), scratch (Figs. 6A and 6B) and transwell analysis (Figs.

6C and 6D) were performed to test the proliferation, migration
and invasion abilites of HepG2 cells in vitro. The results
showed that knockout of Girdin expression also remarkably
suppresses proliferation, migration and invasion abilities of
HepG2 cells while down-regulation of miR-101 significantly
restored the inhibitory effect, suggesting that miR-101 sup-
pressed HCC development by mainly targeting Girdin.

DISCUSSION

In recent years, increasing evidence suggests that the dysregu-
lation of MiRNAs participates in many types of cancer and the
abnormal expression of miR-101 is closely related to the pro-
gression of many tumors. Zhang et al. (2013) confirmed that
miR-101 inhibits angiogenesis of cholangiocarcinoma by direct-
ly regulating the VEGF mRNA. Another study found that miR-
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101 suppresses the proliferation of thyroid papillary cancer cells
through targeting Rac1 (Lin et al., 2014). However, miR-101
also has been reported to increase pulmonary adenocarcinoma
cell sensitivity to cisplatin by activating caspase 3-dependent
apoptosis (Yin et al., 2014). The functions of miR-101 in HCC
also have attracted an increasing amount of attention. Su et al.
(2009) examined the expression levels of 308 kinds of miRNA
in HCC tissue and found that miR-101 expression in HCC tis-
sue was significantly lower. miR-101 exerts pro-apoptotic func-
tion through its target Mcl-1 in HCC (Su et al., 2009). However,
the specific molecular mechanism of miR-101 in HCC remains
to be elucidated.

In this study, miR-101 expression level in HCC tissue de-
tected via qRT-PCR method. The results showed that the miR-
101 level in HCC tissue was significantly lower than that in the
para-cancer tissue and miR-101 level in stage IlIl/IV was lower
compared with that in stage I/ll. Meanwhile, Girdin mRNA ex-
pression level in HCC tissue was significantly higher in HCC
tissues and Girdin level in stage llI/IV was also higher than that
in stage I/Il. This result verified the results previously reported in
the literature. The correlation analysis was showed that a nega-
tive correlation between miR-101 and Girdin expression levels.

To further explore the effect of miR-101 in vitro, we overex-
pressed miR-101 in HepG2 cells. The cell proliferation assays
revealed that miR-101 suppresses proliferation of HepG2 cells.
The scratch and Transwell analysis revealed that miR-101 inhi-
bits cell migration and invasion abilities. These results demon-
strated that up-regulation of miR-101 expression can effectively
inhibit the proliferation, migration and invasion abilities of
HepG2 cells. The aforementioned results were consistent with
the previously study results (Shen et al., 2014; Su et al., 2009).
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However, the relationship between miR-101 and Girdin has
not been reported. To further verify whether Girdin is the target
gene of miR-101, qRT-PCR and western blot analyses were
performed to detect the expression of Girdin in HepG2 cells.
We found that Girdin mRNA and its protein expression levels
were significantly decreased after miR-101 mimics were trans-
fected into the HepG2 cell. The dual luciferase gene analysis
confirmed that miR-101 could directly bind to Girdin mRNA 3'-
UTR. Therefore, Girdin is the target gene of miR-101 in HCC.

In this study, Tanlen technology was used to perform the
knockout of Girdin. After co-transfected with Talen plasmids and
miR-101 inhibitor, CCK-8 test , scratch test and Transwell test
were used to further verify tumor promotion effect of Girdin. The
results showed that after knockout of Girdin limited proliferation,
migration and invasion abilities of HepG2 cell, yet downregula-
tion miR-101 significantly recovered this inhibitory effect, sug-
gesting that miR-101 suppressed HCC development by mainly
targeting Girdin.

In summary, our study demonstrated that miR-101 expres-
sion is dramatically decreased in HCC tissues compared with
that in matched normal tissues. Upregulation of miR-101 re-
markably inhibits HepG2 cell proliferation, migration and inva-
sion abilities. As a target gene of miR-101, knockout of Girdin
also suppressed HepG2 cell proliferation, migration and inva-
sion while down-regulation of miR-101 significantly restored the
inhibitory effect. Therefore, the miR-101/Girdin pathway may
provide a new direction for the clinical treatment of HCC.

Note: Supplementary information is available on the Molecules
and Cells website (www.molcells.org).
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