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INTRODUCTIO

Hepatocellular carcinoma (HCC & most

common cancers in humé d it{has igfreased rap-

idly in recent years, reg large ber of deaths
worldwide'?. Although has been made
on surgical resection, radio

the prognosis of HCC patients

and chemotherapy,

g still poor, mainly due

to recurrence and metastasis’. Therefore, studying the

mechanism underlying HCC growth and metastasis is

beneficial for the development of targeted treatment strat-
egies for HCC.

MicroRNAs (miRs), a kind of noncoding RNAs that
are 18-25 nucleotides in length, have been demonstrated
to act as important regulators of gene expression via
directly binding to the 3’-untranslated region (3’-UTR)
of their target mRNAs, resulting in inhibition of trans-
lation or degradation of mRNA™*. Through negatively
regulating the protein expression of their target genes,
miRs are involved in a variety of cellular biological pro-
cesses, including cell survival, differentiation, proliferation,

apoptosis, autophagy, migration, invasion, angiogenesis,
and tumorigenesis™. In recent years, many miRs have been
reported to play suppressive or oncogenic roles in HCC,
such as miR-98°, miR-101", miR-137%, and miR-133’.
miR-133b has been previously demonstrated to par-
ticipate in many physiological and pathological pro-
cesses. For instance, miR-133b is involved in the effect
of morphine on dopaminergic neuron differentiation'’.
miR-133b is also significantly downregulated in human
myocardial infarctions''. Moreover, miR-133b was found
to be frequently downregulated in different human can-
cers and acts as a tumor suppressor'>*. For instance,
Zhao et al. found that miR-133b was downregulated in
osteosarcoma and inhibited osteosarcoma cell prolif-
eration, migration, and invasion, and promoted cell apo-
ptosis”. Liu et al. reported that miR-133b inhibited the
growth of non-small cell lung cancer (NSCLC) by target-
ing epidermal growth factor receptor (EGFR)'°. Recently,
miR-133b was found to directly target connective tissue
growth factor (CTGF), which is crucial in the ductular
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reaction/oval cell response for generating new hepatocyte
lineages during liver injury in the context of hepatotoxin-
inhibited hepatocyte proliferation'’. Tian et al. reported
that miR-133b inhibited HCC cell progression by target-
ing Sirt1'®. However, whether other targets of miR-133b
exist in HCC still needs to be studied.

The present study aimed to reveal the clinical signifi-
cance of miR-133b expression in HCC. We also studied
the regulatory mechanism of miR-133b underlying HCC
growth and metastasis.

MATERIALS AND METHODS
Tissue Collection

This study was approved by the ethics committee of
Jishou University, Jishou, P.R. China. A total of 102 pri-
mary HCC tissues and adjacent nontumor tissues were
collected from the Affiliated Hospital of the School of
Medicine, Jishou University, between May 2013 and
May 2015. These 102 HCC patients included 65 males
and 37 females; 34 were less than 50 years old and
68 were more than 50 years old; 70 had a tumor size of
less than 5 cm and 32 had a tumor size of greater than
5 cm; 65 had well or moderate tumor differentiation and
37 cases had poor differentiation; 47 had node metastasis
and 55 did not; 81 had HPV infection and 21 did not;
52 were I-II clinical stage and 50 were III-IV cling
stage; and 49 had less than 400 ng/ml of o-feto
(AFP) and 53 had greater than 400 ng/mlpof. >
patients had received radiation therapy or ¢ thera

before surgical resection. Tissues were i ia ap
frozen in liquid nitrogen after surgic section and
stored in liquid nitrogen be . In eddtonsents

were obtained from all p

Cell Culture

Human HCC cell lines (Hep ep3B, LM3, and
SMCC7721) and human normal liver epithelial cell line
THLE-3 were purchased from The Cell Bank of the
Chinese Academy of Sciences, Shanghai, P.R. China.
Cells were cultured in DMEM (Thermo Fisher, Waltham,
MA, USA) supplemented with 10% fetal bovine serum
(FBS; Thermo Fisher) in a 37°C humidified atmosphere
of 5% CQ,.

Real-Time Fluorescence Quantitative PCR

Total RNA was extracted using TRIzol reagent
(Thermo Fisher). Total RNA was then converted into
cDNA using PrimeScript Ist Strand cDNA Synthesis Kit
(Takara, Tokyo, Japan). For miR expression, real-time
PCR was performed using miRNA Q-PCR Detection Kit
(GeneCopoeia, Rockville, MD, USA) on an ABI 7500
thermocycler (Thermo Fisher). U6 gene was used as an
internal control. For mRNA expression detection, real-
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time PCR was performed using SYBR Green I Real-Time
PCR Kit (Biomics, Nantong, PR. China). The reaction
condition was 95°C for 3 min, followed by 40 cycles of
denaturation at 95°C for 15 s and annealing/elongation
step at 60°C for 30 s. The relative expression was ana-
lyzed by the 27**Ct method.

Bioinformatics Analysis and Dual-Luciferase
Reporter Gene Assay

TargetScan software (http://www.targetscan.org) was
used to predict the putative targets of miR-133b accord-
ing to the manufacturer’s instructions. QuickChange Site-
Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA)
was used to construct the mutant type (MT) of LASP1
3’-UTR lacking o6fMplementarity with the miR-133b seed
sequence. The wild (WT) or MT of LASP1 3"-UTR
was cloned into tlfe tream of the firefly lucifer-
ase coding region\® -GLOTM luciferase vector
USA). HepG2 and Hep3B cells
ith the WT- or MT-LASP1-3"-UTR
lasmid, and miR-NC or miR-133b

on for 48 h using the Dual-Luciferase
ssay System (Promega) according to the manu-
instructions.

| Transfection

HepG2 and Hep3B cells were transfected with scram-
ble miR mimic (miR-NC), miR-133b mimic, NC inhibi-
tor, miR-133b inhibitor, nonspecific siRNA (NC siRNA),
LASPI1 siRNA, or cotransfected with miR-133b mimic
and pcDNA3.1-LASP1 ORF plasmid using Lipofecta-
mine 2000 (Thermo Fisher) according to the manufac-
turer’s instructions.

Western Blot

HepG2 and Hep3B cells were lysed with ice-cold
lysis buffer (Beyotime, Shanghai, PR. China). Proteins
were collected and separated with 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE;
Beyotime) and transferred onto polyvinylidene difluo-
ride (PVDF) membrane (Thermo Fisher). The PVDF
membrane was incubated with phosphate-buffered saline
(PBS; Thermo Fisher) containing 5% nonfat milk (Yili,
Beijing, P.R. China) overnight at 4°C, and then incu-
bated with the mouse anti-human LASP1 and GAPDH
antibodies (Abcam, Cambridge, MA, USA) at room tem-
perature for 3 h. After washing with PBST three times,
the membrane was incubated with goat anti-mouse
secondary antibodies (Abcam) at room temperature for
1 h. The enhanced chemiluminescence system (Thermo
Fisher) was used to detect immunoreactive bands. Protein
expression was measured using Image-Pro Plus software
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(Media Cybernetics, Rockville, MD, USA). GAPDH was
used as the internal reference.

MTT Assay

HepG2 and Hep3B cell suspension (5x 10* cells/well)
was plated onto a 96-well plate and cultured for 12, 24,
48, or 96 h. Afterward, MTT (10 pl, 5 mg/ml) was added,
and cells were incubated at 37°C for 4 h. The superna-
tant was then removed, and 100 pl of DMSO was added
into each well. The absorbance at 570 nm was deter-
mined using the Model 680 Microplate Reader (Bio-Rad,
Hercules, CA, USA).

Wound Healing Assay

HepG2 and Hep3B cells were cultured to confluence,
and a wound was created with a plastic scriber. Cells
were then washed and incubated in serum-free DMEM at
37°C for 24 h. Afterward, the medium was replaced with
DMEM with 10% FBS and cultured at 37°C for 48 h.
Cells were observed under a Nikon microscope (Diag-
nostic Medical Instruments Inc., Syracuse, NY, USA)

Transwell Assay

A 24-well Transwell chamber (Chemicon, USA) with
a layer of Matrigel was used to perform the Trans
assay. HepG2 and Hep3B cell suspension was added finto,
the upper chamber, and DMEM containing 10%

removed using a cotton-tipped swab. Cells
surface of the membrane were staine gen
then rinsed with water, andgmdried adink cells were

stic Medical

Instruments Inc.).
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Tumor Growth In Vivo

Male BALB/C-nu/nu nude mice (10 weeks) were
maintained under pathogen-free conditions at the Animal
Center of Jishou University. HepG2 and Hep3B cells
were stably transfected with the pLVTH-miR-133b len-
tiviral plasmid or with blank pLVTH vector as control
group, respectively. The mice (n=6 in each group) were
injected subcutaneously in the dorsal flank with 1x 10’
HepG2 and Hep3B cells of each group. Ninety days after
tumor implantation, all mice were sacrificed. Tumor
weight and volume were recorded. Tumor volume was
calculated using the formula V (mm’)=0.5xaxb’ (a is
the maximum length to diameter, and b is the maximum
transverse diapacter).

Statistical Analysk

as meanztstandard deviation.
SPSS18.0 soft asvused to conduct the statistical
analysis assoelation between miR-133b or LASPI
TeSS1 nd dlinical characteristics in HCC were ana-

chi-square test. The difference between
as analyzed using the Student’s #-test. A value
was considered statistically significant.

Data were

RESULTS
ownregulation of miR-133b in HCC

In the present study, real-time quantitative PCR
(qPCR) data showed that the miR-133b expression levels
were significantly reduced in HCC tissues compared
with adjacent nontumor tissues (Fig. 1A). In addition,
its expression was decreased in HCC cell lines includ-
ing HepG2, Hep3B, LM3, and SMCC7721, when com-
pared with that in human normal liver epithelial cell line
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Figure 1. miR-133b is downregulated in hepatocellular carcinoma (HCC) tissues and cell lines. (A) Real-time quantitative PCR
(qPCR) was conducted to examine the expression levels of miR-133b in a total of 102 primary HCC tissues compared with their
matched adjacent nontumor tissues (Adjacent). **p <0.01 versus Adjacent. (B) Real-time qPCR was conducted to examine the expres-
sion levels of miR-133b in HCC cell lines (HepG2, Hep3B, LM3, and SMCC7721) compared with human normal liver epithelial cell

line THLE-3. **p<0.01 versus THLE-3.
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THLE-3 (Fig. 1B). We further studied the clinical signif-
icance of miR-133b expression in HCC. Low miR-133b
expression levels were associated with poor differen-
tiation (p=0.002), lymph node metastasis (p=0.017),
and advanced clinical stage (p=0.0004) in HCC, but
not with gender (p=0.413), age (p=1.00), tumor size
(p=0.087), HBV infection (p=0.337), or serum AFP
level (p=0.329) (Table 1).

LASPI, Upregulated in HCC, Is a Novel Target
of miR-133b in HepG2 and Hep3B Cells

TargetScan software was further used to predict the
putative target gene of miR-133b, and LASP1 was shown
to be a potential target gene (data not shown). We fur-
ther examined the expression of LASP1 in HCC. LASP1
mRNA levels were significantly increased in HCC tis-
sues compared with adjacent nontumor tissues (Fig. 2A).
Its protein expression was also upregulated in HCC cell
lines when compared with that in THLE-3 cells (Fig. 2B).
Therefore, LASP1 is upregulated in HCC. In addition,
the increased expression of LASP1 was significantly
associated with poor differentiation (p=0.01), lymph
node metastasis (p=0.005), advanced clinical stage
(p<0.0001), HBV infection (p=0.027), and AFP levels

Table 1. Association Between the MidroRN.
Characteristics of Patients Wit Hepat:
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(p=0.001) in HCC, but not with gender (p=1.00), age
(p=0.297), or tumor size (p=0.288) (Table 2).

To further clarify the relationship between miR-133b
and LASP1, the WT-LASP1-3"-UTR or MT-LASP1-3’-
UTR luciferase reporter vector was generated, respec-
tively (Fig. 2C). A dual-luciferase reporter gene assay was
then conducted, and we found that luciferase activity was
decreased in HepG2 and Hep3B cells cotransfected with
miR-133b mimics and WT-LASP1-3’-UTR vector, which
was attenuated by transfection with the MT-LASP1-3’-
UTR vector (Fig. 2D and E). These findings indicate that
miR-133b can directly bind to the 3’-UTR of LASP1
mRNA in HepG2 cells.

&€lls. HepG2 and Hep3B cells
iR-133b mimic or miR-133b

ile transfection with the miR-133b inhibi-
a decrease in the miR-133b levels in HepG2

)-133b Expression and Clinicopathologic

ular Carcinoma

umber ¥y Low Expression  High Expression
Characteristics ) (n=53) (n=49) p Value
Age (years) 1.00
<50 34 18 16
>50 68 35 33
Gender 0.413
Male 65 36 29
Female 37 17 20
Tumor size (cm) 0.087
<5 70 32 38
>5 32 21 11
Differentiation 0.002
Well and moderate 65 26 39
Poor 37 27 10
Node metastasis 0.017
Present 47 18 29
Absent 55 35 20
HBY infection 0.337
Present 81 40 41
Absent 21 13 8
Clinical stage 0.0004
I-11 52 18 34
1I-1v 50 35 15
a-Fetoprotein (AFP) (ng/ml) 0.329
<400 49 28 21
>400 53 25 28
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Figure 2. LASP1, upregulated in HCC, is a novel target of miR-133b in HepG2 and Hep3B cells. (A) Real-time qPCR was conducted
to examine the mRNA levels of LASP1 in a total of 102 primary HCC tissues compared with their matched adjacent nontumor tissues
(Adjacent). **p<0.01 versus Adjacent. (B) Western blot was conducted to examine the protein expression of LASP1 in HCC cell lines
(HepG2, Hep3B, LM3, and SMCC7721) compared with human normal liver epithelial cell line THLE-3. **p<0.01 versus THLE-3.
(C-E) The wild type (WT)-LASP1-3’-UTR and mutant type (MT)-LASP1-3"-UTR luciferase reporter vector were generated, and then
the dual-luciferase reporter gene assay was performed in HepG2 and Hep3B cells. Renilla luciferase activity was normalized to firefly

luciferase activity. **p<0.01 versus Control.

and Hep3B cells (Fig. 3A and B). Afterward, we con-
ducted Western blot to determine the protein expression
of LASP1. Overexpression of miR-133b reduced the pro-
tein levels of LASP1 in HepG2 and Hep3B cells (Fig. 3C
and D). Consistently, knockdown of miR-133b enhanced
the protein expression of LASP1 in HepG2 and Hep3B
cells (Fig. 3E and F). Therefore, LASP1 is negatively

regulated by miR-133b at the posttranscriptional level in
HepG?2 and Hep3B cells.

miR-133b Overexpression Suppresses Proliferation,
Migration, and Invasion of HepG2 and Hep3B Cells

We further investigated the regulatory effects of miR-
133b on the growth and metastasis of HepG2 and Hep3B
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Table 2. Association Between the SALL4 mRNA Levels and Clinicopathologic Characteristics

of Patients With Hepatocellular Carcinoma

Number Low Expression High Expression

Characteristics (n=102) (n=55) (n=47) p Value

Age (years) 0.297
<50 34 21 13
>50 68 34 34

Gender 1.00
Male 64 34 30
Female 38 21 17

Tumor size (cm) 0.288
<5 70 35 35
>5 32 20 12

Differentiation 0.01
Well and moderate 65 39 1
Poor 37 16 21

Node metastasis 0.005
Present 47 18 29
Absent 55 37

HBY infection 0.027
Present 81 39 42
Absent 21 16

Clinical stage <0.0001
I-11 52 43 9
nI-1v 50 12 38

AFP (ng/ml) 0.001
<400 49 3 14
>400 53 ' 33

cells in vitro. MTT, wound healing, an swe ay plasmid. The protein levels of LASP1 were significantly
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Knockdown of LASPI Inhibits Pro
and Invasion of HepG2 and Hep3RB

HepG2 and Hep3B cells were then transfected with
LASPI siRNA. Transfection with NC siRNA was used
as the control group. The protein levels of LASP1 were
significantly decreased in HepG2 and Hep3B cells after
transfection with LASP1 siRNA (Fig. SA and B). We
then found that knockdown of LASP1 also inhibited
the proliferation, migration, and invasion of HepG2 and
Hep3B cells (Fig. 5C and D, Fig. 6), just as miR-133b
overexpression.

epation, Migration,
ells

LASPI Is Involved in the miR-133b-Mediated Malignant
Phenotypes of HepG2 and Hep3B Cells

Based on the findings above, we speculated that LASP1
might be involved in the miR-133b-malignant pheno-
types of HepG2 and Hep3B cells. To clarify our specula-
tion, miR-133b-overexpressing HepG2 and Hep3B cells
were further transfected with pcDNA3.1-LASP1 ORF

with those in the miR-133b group (Fig. 7A and B). We
then found that the proliferation, migration, and invasion
of HepG2 and Hep3B cells were also upregulated in the
miR-133b+LASP1 group compared with the miR-133b
group (Fig. 7C, D and Fig. 8). Accordingly, we suggest
that miR-133b plays a suppressive role in the growth and
metastasis of HepG2 and Hep3B cells via directly target-
ing LASP1.

Overexpression of miR-133b Inhibits Tumor Growth
of HCC Cells in Nude Mice

We then studied the effect of miR-133b overexpres-
sion on HCC growth in vivo. We cloned the miR-133b
to pLVX-IRES-ZsGreenl vector to construct the pYr-
LVX-miR-133b lentiviral plasmid, which was then sta-
bly transfected into HepG2 and Hep3B cells. miR-NC
was used as the control group. After transfection, the
miR-133b levels were significantly increased in HepG2
and Hep3B cells (Fig. 9A and B). Afterward, nude mice
were subcutaneously implanted with these HepG2 and
Hep3B cells. All mice were sacrificed 90 days after
implantation, and the tumor xenografts were obtained
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Figure 3. The protein expression of LASP1 is negatively mediated by miR-133b in HepG2 and Hep3B cells. Real-time RT-PCR was
conducted to examine the expression levels of miR-133b in HepG2 and Hep3B cells transfected with (A) miR-133b mimics or scram-
ble miR (miR-NC), and (B) miR-133b inhibitor or negative control (NC) inhibitor, respectively. (C—F) Western blot was conducted to
examine the protein levels of LASP1. (A, C, D) *¥p<0.01 versus miR-NC. (B, E, F) **p<0.01 versus NC inhibitor.
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Figure 4. Overexpression of miR-133b inhibits the proliferation, migration, and invasion of HepG2 and Hep3B cells. (A, B) MTT
assay, (C, D) wound healing assay, and (E, F) Transwell assay were used to examine the proliferation, migration, and invasion of
HepG2 and Hep3B cells transfected with miR-133b mimic or scramble miR (miR-NC), respectively. **p<0.01 versus miR-NC.
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Figure 5. Knockdown of educ iferation of HepG2 and Hep3B cells. (A, B) Western blot assay was conducted to

examine the protein expy

(Fig. 9C and D). We found thdt the weight and volume
of the tumor xenografts were significantly higher in
the miR-29a-overexpressing group when compared to
the control group (Fig. 9E-H). Therefore, our findings
indicate that miR-29a could inhibit the tumor growth of
HCC cells in vivo.

DISCUSSION

The regulatory mechanism of miR-133b underlying
HCC growth and metastasis remains largely unclear.
In the present study, we found that miR-133b was signif-
icantly downregulated in HCC tissues and cell lines, and
low miR-133b levels were significantly associated with
HCC progression. LASP1, upregulated in HCC tissues
and cell lines, was identified as a novel target of miR-133b
in HepG2 and Hep3B cells, and the increased expres-
sion of LASP1 was also associated with HCC progres-
sion. Either miR-133b upregulation or LASP1 inhibition

epG2 and Hep3B cells transfected with LASP1-specific siRNA or nonspecific (NC)
determine the cell proliferation. **p<0.01 versus NC siRNA.

inhibited the proliferation, migration, and invasion of
HepG2 and Hep3B cells. Moreover, overexpression of
LASP1 attenuated the suppressive effects of miR-133b
on the malignant phenotypes of HepG2 and Hep3B cells,
suggesting that miR-133b inhibits HCC growth and
metastasis via targeting LASP1. Finally, we found that
miR-133b could inhibit the tumor growth of HepG2 and
Hep3B cells in vivo.

Many miRs have been demonstrated to play sup-
pressive or oncogenic roles during the development and
malignant progression of HCC. For instance, miR-21 is
highly expressed in HCC tissues and negatively regulates
the expression of the PTEN tumor suppressor gene and
thus acts as an oncogene in HCC". miR-122 is specifi-
cally repressed in a subset of primary tumors that are
characterized by poor prognosis, and loss of miR-122
causes an increase in HCC cell migration and invasion,
while restoration of miR-122 reverses this phenotype®.
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Figure 6. Knockdown of LASP1 reduces the migration and invasion of HepG2 and Hep3B cells. HepG2 and Hep3B cells were trans-
fected with LASP1-specific siRNA or nonspecific (NC) siRNA, respectively. (A, B) Wound healing assay and (C, D) Transwell assay
were conducted to determine the cell migration and invasion. *¥p<0.01 versus NC siRNA.

Recently, miR-133b was reported to play a suppressive
role in HCC'®*'. Tian et al. found that miR-133b was
downregulated in HCC tissues and cell lines, consistent
with our findings, and inhibited HCC cell proliferation
and invasion through repressing the protein expression
of Sirt1". In addition, miR-133b was found to directly
target PP2A-B556, which can enhance the sensitivity of
HCC to cDDP chemotherapy”'. However, the clinical
significance of miR-133b expression in HCC has never
been previously reported. In this study, we found that the

low expression of miR-133b was significantly associated
with poor differentiation, metastasis, and advanced clini-
cal stage in HCC. Therefore, the decreased expression of
miR-133b may contribute to the malignant progression
of HCC.

As miRs function through negative regulation of their
target genes, we further focused on the potential targets
of miR-133b in HCC. Bioinformatics analysis predicted
that LASP1 was a putative target gene of miR-133b,
which had not been previously reported. To clarify this
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prediction, we first examined the expression of LASP1 in
HCC tissues and cell lines. Our data showed that LASP1
was significantly upregulated in HCC tissues and cell
lines, and its high expression was significantly associated
with poor differentiation, metastasis, advanced clinical
stage, HBV infection, and AFP level in HCC. We further
conducted a luciferase reporter gene assay and identi-
fied LASP1 as a novel target of miR-133b in HepG2 and
Hep3B cells. LASP1, a member of LIM proteins and of
the nebulin family of actin-binding proteins, is charac-
terized by a LIM motif and a domain of Src homology
region 3*?. Itis a cAMP- and cGMP-dependent signaling
protein and binds to the actin cytoskeleton at extensions
of the cell membrane®. Recently, LASP1 was found to
be significantly upregulated in different human cancers
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iR-133b-mediated proliferation of HepG2 and Hep3B cells. (A, B) Western blot was conducted
in HepG2 and Hep3B cells transfected with miR-133b mimic or cotransfected with miR-
OREF plasmid, respectively. (C, D) MTT assay was conducted to determine the cell proliferation.

and to function as an oncogene™ . For instance, LASP1
can induce the transforming growth factor-f (TGF-B)-
mediated epithelial-mesenchymal transition (EMT) in
colorectal cancer®®. Moreover, LASP1 was found to be
significantly upregulated in HCC tissues compared with
adjacent nontumor tissues™, consistent with our find-
ings. They further showed that the increased expres-
sion of LASP1 was associated with poor prognosis in
HCC patients™. In our study, we showed that the protein
expression of LASP1 was negatively regulated by miR-
133b in HepG2 and Hep3B cells. Afterward, we further
conducted an in vitro study to reveal the regulatory role
of miR-133b and LASPI in HCC growth and metasta-
sis and found that both miR-133b overexpression and
LASP1 downregulation could reduce the proliferation,
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Figure 8. LASP1 is involved in the miR-133b-mediated migration and invasion of HepG2 and Hep3B cells. HepG2 and Hep3B cells
were transfected with miR-133b mimic or cotransfected with miR-133b mimic and pcDNA3.1-LASP1 ORF plasmid, respectively. (A,
B) Wound healing assay and (C, D) Transwell assay were conducted to determine the cell migration and invasion. **p<0.01 versus

miR-133b.

migration, and invasion of HepG2 and Hep3B cells, sug-
gesting that miR-133b acts as a tumor suppressor, while
LASPI plays a promoting role in HCC. As LASP1 was
a target gene of miR-133b, it might act as a downstream
effector of miR-133b in HCC cells. Indeed, further inves-
tigation showed that overexpression of LASP1 attenu-
ated the suppressive effect of miR-133b overexpression

on the proliferation, migration, and invasion of HepG2
and Hep3B cells.

In summary, our study demonstrates that miR-133b
acts as a tumor suppressor in HCC at least partly via
directly targeting LASP1 and suggests that the miR-133b/
LASP1 axis may become a promising therapeutic target
for HCC treatment.
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Figure 9. Overexpression of miR-133b inhibits tumor growth of HepG2 and Hep3B cells in vivo. (A, B) Real-time qPCR was
conducted to examine the expression levels of miR-133b in HepG2 and Hep3B cells stably transfected with miR-NC or miR-133b
lentiviral plasmid. (C, D) Nude mice (n=6) were subcutaneously implanted with these HepG2 and Hep3B cells, and all mice were
sacrificed on 90 days after implantation and the tumor xenograft was obtained. (E-H) The weight and volume of the tumor xenograft
were determined. **p<0.01 versus miR-NC.



1282

ACKNOWLEDGMENT: The authors declare no conflicts of
interest.

10.

11.

12.

13.

14.

REFERENCES

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin. 2011;61:69-90.
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA
Cancer J Clin. 2015;65:5-29.

Ambros V. The functions of animal microRNAs. Nature
2004;431:350-5.

Moss EG. MicroRNAs: Hidden in the genome. Curr Biol.
2002;12:R138-40.

. Bartel DP. MicroRNAs: Genomics, biogenesis, mechanism,

and function. Cell 2004;116:281-97.
Wang CY, Zhang JJ, Hua L, Yao KH, Chen JT, Ren XQ.
MicroRNA-98 suppresses cell proliferation, migration and
invasion by targeting collagen triple helix repeat contain-
ing 1 in hepatocellular carcinoma. Mol Med Rep. 2016;
13:2639-44.

Zheng F, Liao YJ, Cai MY, Liu TH, Chen SP, Wu PH, Wu
L, Bian XW, Guan XY, Zeng YX, Yuan YF, Kung HF, Xie
D. Systemic delivery of microRNA-101 potently inhibits
hepatocellular carcinoma in vivo by repressing multiple
targets. PLoS Genet. 2015;11:¢1004873.

Wu DC, Zhang MF, Su SG, Fang HY, Wang XH, He D,
Xie YY, Liu XH. HEY2, a target of miR-137, indicates poor
outcomes and promotes cell proliferation and migration in
hepatocellular carcinoma. Oncotarget 2016;7:38052—-63.
Zhang W, Liu K, Liu S, Ji B, Wang Y, Liu Y. MicroRNA-
133afunctions as a tumor suppressor by targeting IGF-1R i
hepatocellular carcinoma. Tumour Biol. 2015;36:9779-

Rodriguez RE. Morphine regulates dopaminergi
differentiation via miR-133b. Mol Pharm
935-42.

Bostjancic E, Zidar N, Stajer D, Glava
miR-1, miR-133a, miR-133b and miR-2!
in human myocardial infarg

163-9. @
d N 1)

Kano M, Seki N, Kikka
83b: Tumor-suppressive

Y, Chiyomaru T, Enokida
miR-145, miR-133a and miR

miRNAs target FSCN1 in esophag@@¥squamous cell carci-
noma. Int J Cancer 2010;127:2804£14.

Qiu T, Zhou X, Wang J, Du Y, Xu J, Huang Z, Zhu W, Shu
Y, Liu P. MiR-145, miR-133a and miR-133b inhibit prolif-
eration, migration, invasion and cell cycle progression via
targeting transcription factor Spl in gastric cancer. FEBS
Lett. 2014;588:1168-77.

Wu D, Pan H, Zhou Y, Zhou J, Fan Y, Qu P. microRNA-133b
downregulation and inhibition of cell proliferation, migra-
tion and invasion by targeting matrix metallopeptidase-9 in
renal cell carcinoma. Mol Med Rep. 2014;9:2491-8.

£
2
R,
[on
g
I
jan

16.

18.

19.

20.

21.

23.

24.

25.

26.

LIETAL.

. Zhao H, Li M, Li L, Yang X, Lan G, Zhang Y. MiR-133b is

down-regulated in human osteosarcoma and inhibits osteo-
sarcoma cells proliferation, migration and invasion, and
promotes apoptosis. PLoS One 2013;8:e83571.

Liu L, Shao X, Gao W, Zhang Z, Liu P, Wang R, Huang P,
Yin Y, Shu Y. MicroRNA-133b inhibits the growth of non-
small-cell lung cancer by targeting the epidermal growth
factor receptor. FEBS J. 2012;279:3800-12.

. Gjymishka A, Pi L, Oh SH, Jorgensen M, Liu C,

Protopapadakis Y, Patel A, Petersen BE. miR-133b regula-
tion of connective tissue growth factor: A novel mechanism
in liver pathology. Am J Pathol. 2016;186:1092-102.

Tian Z, Jiang H, Liu Y, Huang Y, Xiong X, Wu H, Dai X.
MicroRNA-133b inhibits hepatocellular carcinoma cell
progression by targeting Sirtl. Exp Cell Res. 2016;343:
135-47.

Meng F, Hensoj
Patel T. Micrd
tumor suppressor
Gastroenterolog
Coulouarn C,

R, Wehbe-Janek H, Ghoshal K, Jacob ST,
-21 regulates expression of the PTEN
ae in human hepatocellular cancer.

properties. Oncogene 2009;28:3526-36.
He C, Zhang S, Qiu Y, Luo B, Zhao

lular garcinoma under the regulation of microRNA-133b.
lin Cancer Res. 2016;35:67.

ME, Cazes A, Butt E, Grunewald TG. An update on
he LIM and SH3 domain protein 1 (LASP1): A versatile
structural, signaling, and biomarker protein. Oncotarget
2015;6:26-42.

Wang H, Li W, Jin X, Cui S, Zhao L. LIM and SH3 protein
1, a promoter of cell proliferation and migration, is a novel
independent prognostic indicator in hepatocellular carci-
noma. Eur J Cancer 2013;49:974-83.

Traenka C, Remke M, Korshunov A, Bender S, Hielscher
T, Northcott PA, Witt H, Ryzhova M, Felsberg J, Benner A,
Riester S, Scheurlen W, Grunewald TG, von Deimling A,
Kulozik AE, Reifenberger G, Taylor MD, Lichter P, Butt E,
Pfister SM. Role of LIM and SH3 protein 1 (LASP1) in the
metastatic dissemination of medulloblastoma. Cancer Res.
2010;70:8003-14.

Wang C, Zheng X, Shen C, Shi Y. MicroRNA-203 sup-
presses cell proliferation and migration by targeting BIRCS
and LASP1 in human triple-negative breast cancer cells.
J Exp Clin Cancer Res. 2012;31:58.

Wang H, Shi J, Luo Y, Liao Q, Niu Y, Zhang F, Shao Z,
Ding Y, Zhao L. LIM and SH3 protein 1 induces TGFbeta-
mediated epithelial-mesenchymal transition in human colo-
rectal cancer by regulating S100A4 expression. Clin Cancer
Res. 2014;20:5835-47.





