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Abstract: MicroRNAs (miRNAs) serve as major regulators during the tumorigenesis and tumor development of he-
patocellular carcinoma (HCC). In addition, miRNAs may serve as new promising biomarkers for the diagnosis and
prognosis and as effective therapeutic targets for patients with this malignancy. Therefore, understanding the as-
sociation between miRNAs and HCC may be beneficial to discover novel therapeutic approaches towards diagnosis
and treatments. Results of this study showed that miRNA-337 (miR-337) was markedly downregulated in HCC
tissues and cell lines. Decreased miR-337 expression was significantly associated with the TNM stage and lymph
node metastasis of HCC. Ectopic expression of miR-337 prohibited the proliferation, colony formation, migration,
and invasion of HCC cells. It also promoted the apoptosis in vitro and reduced the tumor growth in vivo of these cells.
High-mobility group AT-hook 2 (HMGA2) was identified as a direct target gene of miR-337 in HCC through a series
of experiments. HMGA2 was significantly overexpressed in HCC tissues and negatively correlated with miR-337 ex-
pression. Moreover, the functions of HMGA2 inhibition were similar to those induced by miR-337 in HCC. Restored
HMGA2 expression rescued the tumor-suppressive roles of miR-337 overexpression in HCC. Furthermore, miR-337
overexpression inhibited the activation of PI3K/AKT and Wnt/B-catenin signaling pathways in HCC both in vitro and
in vivo. This study demonstrated that miR-337 may play tumor-suppressing roles in HCC, at least partly, via directly
targeting HMGA2 and inhibiting the PI3K/AKT and Wnt/[-catenin signaling pathways. Therefore, miR-337 may be a
novel and effective target for the therapeutic treatment of patients with HCC.
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Introduction nosis and treatment of HCC, the therapeutic
outcomes for patients with this malignancy
remain unsatisfactory with a 5-year survival
rate of only 15% [6]. The unfavorable prognosis
of HCC patients is largely attributed to the high
incidence rates of tumor recurrence and me-

tastasis even after surgery resection, as well

Hepatocellular carcinoma (HCC), the most co-
mmon form of primary liver cancer, ranks as
the fifth most common cancer and the third
leading cause of cancer-related death world-
wide [1]. Over 780,000 novel HCC cases and

approximately 745,000 HCC-related deaths
were estimated per annum globally [2]. Num-
erous risk factors, including alcoholic liver dis-
ease, non-alcoholic fatty liver disease, liver cir-
rhosis, and hepatitis B and C infection, influ-
ence the occurrence and development of HCC
[3-5]. However, the mechanism underlying the
pathogenesis of HCC remains largely unkno-
wn. Despite great improvements in the diag-

as the lack of useful adjuvant therapy [7].
Therefore, understanding the mechanisms un-
derlying HCC tumorigenesis and tumor progr-
ession is crucial to develop novel therapeutic
methods for patients with this malignancy.

MicroRNAs (miRNAs) are a cluster of endoge-
nous, single-strand, and non-coding short RNA
molecules with approximately 19 to 25 nucleo-
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tides in length [8]. MiRNAs negatively regulate
gene expression through interaction with the
3’-untranslated regions (UTRs) of their target
genes in a base-pairing manner to form RNA-
induced silencing complexes, resulting in mR-
NA degradation or translation suppression [9].
Thus far, over 1400 miRNAs have been identi-
fied in the human genome and estimated to
modulate more than half of all human prote-
in-coding genes [10]. Via regulation of their ta-
rgets, miRNAs play crucial roles in almost all
aspects of physiological and pathological pro-
cesses, including early embryonic develop-
ment, immunity, metabolism, cell division, pro-
liferation, apoptosis, differentiation, and meta-
stasis [11, 12]. Altered miRNA expression has
been identified in numerous types of human
neoplasm, including HCC [13, 14]. Highly ex-
pressed miRNAs may play oncogenic functions
by regulation of tumor suppressor genes [15],
whereas downregulated miRNAs may perform
tumor-suppressive roles via blockade of onco-
genes [16]. Hence, further investigation of the
biological roles of cancer-related miRNAs may
allow for the identification of novel and effici-
ent therapeutic targets for anticancer treat-
ments.

MiR-337 is downregulated in various human
cancer types, such as melanoma [17], neuro-
blastoma [18], colorectal cancer [19], and non-
small cell lung cancer [20]. However, the exa-
ct expression pattern and biological functions
of miR-337 in HCC remain to be fully elucidat-
ed. Therefore, this study evaluated the expr-
ession level and clinical significance of miR-
337 in HCC and investigated the roles and as-
sociated regulatory mechanism of miR-337 in
HCC.

Materials and methods
Tissue samples and cell lines

Forty-seven paired HCC tissues and adjacent
non-cancerous tissues were obtained from
HCC patients who underwent surgical resec-
tion at Affiliated Zhongshan Hospital of Dali-
an University between March 2014 and Fe-
bruary 2016. Patients who underwent preop-
erative chemotherapy, radiotherapy, or other
treatments were excluded. All tissues were
immediately frozen in liquid nitrogen and stor-
ed at -80°C until further use. This study was
approved by the Ethics Committee of Affiliated
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Zhongshan Hospital of Dalian University. Wri-
tten informed consent was also provided by
all participants.

Three human HCC cell lines (HepG2, Hep3B,
and Huh-7) and a normal human liver cell line
LO2 were acquired from the Cell Type Culture
Collection of the Chinese Academy of Scien-
ces (Shanghai, China). All human cell lines we-
re grown in Dulbecco’s modified Eagle’s me-
dium (DMEM) containing 10% fetal bovine
serum (FBS), 100 ug/mL streptomycin, and
100 Units/mL penicillin (all from Gibco; Ther-
mo Fisher Scientific, Inc., Waltham, MA, USA)
and then maintained at 37°C in a humidified
incubator with 5% CO,.

Cell transfection

MiR-337 mimics, miRNA mimics negative con-
trol (miR-NC), small interfering RNA (siRNA)
against the expression of HMGA2 (HMGA2 si-
RNA), and negative control siRNA (NC siRNA)
were chemically synthesized by RiboBio (Gu-
angzhou China). HMGA2 overexpression plas-
mid pcDNA3.1-HMGA2 and empty pcDNA3.1
plasmid were produced by Integrated Biotech
Solutions (Shanghai, China). Cells were plated
into 6-well plates at 60%-70% confluence one
day prior to transfection. Cell transfection was
conducted using Lipofectamine™ 2000 rea-
gent (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) in accordance with the ma-
nufacturer’s instructions.

Reverse transcription-quantitative polymerase
chain reaction (RT-gPCR) for miRNAs and
mRNAs

TRIzol® (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) was used to isolate
total RNA from tissues or cells in accordance
with the manufacturer’s instructions. For the
detection of miR-337 expression, reverse tran-
scription was performed to synthesize comp-
lementary DNA (cDNA) form total RNA using a
TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, USA).
Quantitative PCR (gPCR) was carried out on
an ABI7500 Real-Time PCR System (Applied
Biosystems, CA, USA) using a TagMan Micro-
RNA PCR Kit (Applied Biosystems, Foster City,
CA, USA). To quantify HMGA2 mRNA level, ¢cD-
NA was synthesized with a PrimeScript RT Re-
agent kit (Takara Bio, Dalian, China) followed
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by gPCR with a SYBR Premix Ex Tag™ kit (Ta-
kara Bio, Dalian, China). U6 snRNA and glyc-
eraldehyde-3-phosphate dehydrogenase (GA-
PDH) served as internal control for miR-337
and HMGA2 mRNA, respectively. Relative ex-
pression was calculated according to the 22ACt
method [21].

Cell Counting Kit-8 (CCK-8) assay

Transfected cells were collected at 24 h post-
transfection and seeded into 96-well plates
with a density of 3 x 10%/well. Cells were th-
en incubated at 37°C for O, 24, 48 or 96 h. At
indicated time points, CCK-8 assay (Dojindo
Molecular Technologies, Inc., Kumamoto, Ja-
pan) was performed to detect cell proliferati-
on in accordance with the manufacturer’s pro-
tocol. In brief, 10 yL of CCK-8 reagent was
added into each well. After another incubation
at 37°C for 2 h, the absorbance was deter-
mined at 450 nm wavelength using an En-
SpireTM 2300 Multilabel Reader (PerkinElmer,
Inc., Waltham, MA, USA). Each assay was per-
formed in triplicate.

Colony formation assay

Transfected cells were collected at 24 h post-
transfection and mechanically suspended into
a single cell suspension. Afterward, the trans-
fected cells were counted and plated into 6-
well plates with an average 1000 cells per
well. After 2 weeks incubation at 37°C in a
humidified atmosphere of 5% CO,, the cells
were washed with phosphate buffer solution
(PBS), fixed with 4% paraformaldehyde, and
then stained with Methyal Violet (Beyotime In-
stitute of Biotechnology, Shanghai, China). Fi-
nally, the number of colonies (>50 cells/colo-
ny) was counted under a light microscope (IX-
53; Olympus Corporation, Tokyo, Japan).

Transwell cell migration and invasion assays

In brief, 24-well Transwell boyden chambers
(8.0 um pore size; Costar, Cambridge, MA) coat-
ed with or without Matrigel (BD Biosciences,
San Jose, CA, USA) were applied to evaluate
cell migration and invasion, respectively. For
both assays, 5 x 10* transfected cells sus-
pended in FBS-free DMEM were plated onto
the upper chambers. The lower chambers we-
re filled with 500 yL of DMEM containing 20%
FBS to serve as a chemoattractant. Following
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24 h incubation at 37°C, the non-migrated
or non-invaded cells that remained in the up-
per chambers were scraped off gently using a
cotton swab. The migrated and invaded cells
were fixed with 100% methanol, stained with
0.5% crystal violet solution (Beyotime Institute
of Biotechnology, Shanghai, China), washed
with PBS, and then dried in air. Stained cells
were photographed and counted under a light
microscope (magnification, 200 x) with five
randomly selected fields per membrane. Ea-
ch assay contained three replicates and was
repeated at least three times.

Flow cytometry analysis

An Annexin V-FITC apoptosis detection kit (In-
vitrogen Corporation, California, USA) was em-
ployed to detect cell apoptosis rate in accor-
dance with the manufacturer’s protocol. Fol-
lowing 48 h incubation, transfected cells we-
re harvested using trypsinization and washed
with ice-cold PBS. Subsequently, the cells we-
re suspended in 300 pL of 1 x binding buffer
and then incubated for 20 min with 5 L of
FITC-Annexin V and 5 pL of propidium iodide
(PI) at room temperature in the dark. Cell apop-
tosis was detected by flow cytometry (FACSc-
an; BD Biosciences, Franklin Lakes, NJ, USA)
and analyzed with CellQuest software version
3.3 (BD Biosciences, Franklin Lakes, NJ, USA).
Each assay was performed in triplicate.

Tumor growth assay in nude mice

Ten BALB/c nude mice (4- to 6-weeks of age)
were acquired from Changzhou Cavens Lab-
oratory Animal Center (Changzhou, China). Nu-
de mice were randomly divided into two gro-
ups (n = 5 for the miR-337 group; n = 5 for the
miR-NC group). Cells were collected at 24 h
post-transfection and mechanically dissociat-
ed into a single cell suspension. A total of 1 x
107 cells in 100 yL of DMEM containing 10%
FBS were subcutaneously injected into the
nude mice. At 2 weeks after inoculation, the
length and width of the tumors were record-
ed every 2 days. The nude mice were sacrific-
ed at day 30, and the tumors formed by HCC
cells were dissected and weighed. Tumor vol-
umes were calculated using the formula: vol-
ume = 1/2 x tumor length x tumor width. In
vivo studies were approved by the Ethics Revi-
ew Committee of Affiliated Zhongshan Hospi-
tal of Dalian University.
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Figure 1. MiR-337 is downregulated in HCC tissues and cell lines. A. The
expression level of miR-337 in 47 paired HCC tissues and adjacent non-
cancerous tissues was detected using RT-qPCR. *P<0.05 compared with
non-cancerous tissues. B. MiR-337 expression was examined in human
HCC cell lines HepG2, Hep3B, and Huh-7, and in the normal human liver

cell line LO2 (control). *P<0.05 compared with LO2.

Bioinformatics analysis and luciferase reporter
assay

Potential targets of miR-337 were predicted
using the publicly available programs Targ-
etScan7.1 (http://www.targetscan.org/) and
miRanda (http://www.microrna.org/). HMGA2
was predicted as a major target of miR-337.

The wild-type 3’-UTR of HMGA2 predicted to
interact with miR-337, together with mutant
binding sequence within the predicted target
sites, were synthesized by GenePharma (Sh-
anghai, China), inserted into the pMIR-REPO-
RT luciferase reporter plasmids (Promega, Ma-
dison, WI, USA) and then denoted as pMIR-
HMGA2-3-UTR Wt and pMIR-HMGA2-3’-UTR
Mut, respectively. Cells were plated into 24-
well plates at 60%-70% confluence. After incu-
bation overnight, miR-337 mimics or miR-NC
was transfected into cells, together with one
of the two reporter plasmids using Lipofecta-
mine™ 2000 reagent, in accordance with the
manufacturer’s protocol. Following cultivation
for 48 h, the transfected cells were collected
and evaluated for luciferase activity using a
dual luciferase reporter assay kit (Promega,
Madison, WI, USA) in accordance with the
manufacturer’s manual. The activity of firefly
luciferase was normalized to that of Renilla lu-
ciferase.

Western blot analysis

Total protein was extracted from tissue sam-
ples or cells using radioimmunoprecipitation
assay buffer (KeyGen Biotech Co., Ltd. Nanjing,
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to polyvinylidene difluoride me-
mbranes (EMD Millipore, Bille-
rica, MA, USA). Following block-
ing with 5% non-fat milk in Tr-
is-buffered saline containing
0.1% Tween-20 (TBST), the me-
mbranes were incubated over-
night at 4°C with primary antibodies. After be-
ing washed three times with TBST, the mem-
branes were probed with corresponding horse-
radish peroxidase-conjugated secondary anti-
bodies (1:5000 dilution; sc-2005; Santa Cruz
Biotechnology, CA, USA) at room temperature
for 2 h. After being washed repeatedly with
TBST, the protein bands were visualized us-
ing an enhanced chemiluminescence reagent
(Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Quantity One® software (version 4.62; Bio-
Rad Laboratories, Inc., Hercules, CA, USA) was
applied to analyze the densities of protein
bands. The primary antibodies used in this
study include mouse anti-human monoclonal
HMGA2 antibody (ab184616; 1:1000 dilution;
Abcam, Cambridge, UK), mouse anti-human
monoclonal AKT antibody (sc-81434; 1:1000
dilution; Santa Cruz Biotechnology, CA, USA),
mouse anti-human monoclonal p-AKT antibo-
dy (sc-271966; 1:1000 dilution; Santa Cruz
Biotechnology, CA, USA), mouse anti-human
monoclonal B-catenin antibody (sc-59737; 1:
1000 dilution; Santa Cruz Biotechnology, CA,
USA), mouse anti-human monoclonal p-B-ca-
tenin antibody (sc-57534; 1:1000 dilution;
Santa Cruz Biotechnology, CA, USA) and mou-
se anti-human monoclonal GAPDH antibody
(sc-47724; 1:1000 dilution; Santa Cruz Bio-
technology, CA, USA). GAPDH was used as a
loading control.

Statistical analysis

Data are expressed as mean * standard de-
viation (SD) and analyzed with SPSS software
(19.0; SPSS, Inc., Chicago, IL). Data were com-
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Table 1. The association between miR-337
expression and clinicopathological features
of HCC patients

Clinicopathological m|R—3?.>7
features —_expresspn Pvalue
Low High

Age 0.474
<55 years 8 10
>55 years 16 13

Gender 0.534
Female 9 6
Male 15 17

Tumor size 0.642
<5cm 11 9
>5cm 13 14

Differentiation 0.238
Well and Moderate 12 16
Poor 12 7

TNM stage 0.006
I-11 6 15
I-1v 18 8

Lymph node metastasis 0.001
Negative 7 18
Positive 17 5

pared with Student’s t-test or one-way ANOVA
plus multiple comparisons combined with a
post-hoc analysis (Student-Newman-Keuls te-
st). The chi-square test was used to evaluate
the associations between miR-337 expression
and clinicopathological factors in HCC. Spe-
arman’s correlation analysis was used to as-
sess the correlation between miR-337 and
HAMGA2 mRNA level in HCC tissues. Statisti-
cal significance was considered at P<0.05.

Results

MiR-337 is underexpressed in HCC tissues and
cell lines

We detected miR-337 expression in 47 paired
HCC tissues and adjacent non-cancerous tis-
sues to determine the role of miR-337 in HCC.
The data of RT-qPCR analysis revealed that
miR-337 was underexpressed in HCC tissues
in comparison with that in adjacent non-can-
cerous tissues (Figure 1A, P<0.05). To clarify
the clinical significance of miR-337 in HCC, we
divided all HCC patients into low miR-337
expression group (n = 24) or miR-337 high
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expression group (n = 23) based on the medi-
an expression of miR-337. As shown in Table 1,
the expression level of miR-337 was signific-
antly correlated with TNM stage (P = 0.006)
and lymph node metastasis (P = 0.001). Ho-
wever, no association was found between miR-
337 and other clinicopathological features, in-
cluding age, gender, tumor size and differentia-
tion (all P>0.05).

Furthermore, we measured the expression of
miR-337 in three HCC cell lines, including
HepG2, Hep3B and Huh-7. Compared with that
in the normal human liver cell line LO2, miR-
337 was downregulated in all examined HCC
cell lines at different extents (Figure 1B, P<
0.05). These data suggest that miR-337 may
play important roles in the regulation of human
HCC progression.

MiR-337 overexpression inhibits cell prolifera-
tion and promotes apoptosis in HCC

Considering that miR-337 is closely associat-
ed with HCC progression, we studied the bio-
logical roles of miR-337 in HCC. MiR-337 mim-
ics was transfected into HepG2 and Hep3B
cells, which expressed relatively lower miR-337
expression among the three HCC cell lines.
RT-gPCR analysis confirmed that miR-337 was
effectively improved in the HepG2 and Hep3B
cells transfected with miR-337 mimics (Figure
2A, P<0.05). CCK-8 assay was performed to
evaluate the effect of miR-337 overexpression
on HCC cell proliferation in vitro. As shown in
Figure 2B, cell proliferation was obviously sup-
pressed in the HepG2 and Hep3B cells trans-
fected with miR-337 mimics than in the cells
transfected with miR-NC (P<0.05). Then, colony
formation assay was conducted to confirm the
HCC cell proliferation inhibition induced by
miR-337. Results revealed that the HepG2 and
Hep3B cells transfected with miR-337 mimics
exhibited obviously fewer and smaller coloni-
es compared with those transfected with miR-
NC (Figure 2C, P<0.05). Furthermore, the eff-
ect of miR-337 on cell apoptosis in HCC was
determined using flow cytometry analysis. The
apoptosis rate of the HepG2 and Hep3B cells
transfected with miR-337 mimics was higher
than that of the cells transfected with miR-NC
(Figure 2D, P<0.05). These results suggest th-
at miR-337 prohibits cell proliferation and pro-
motes apoptosis in HCC.
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Figure 2. Ectopic expression of miR-337 inhibits cell proliferation and induces apoptosis in HCC. A. HepG2 and
Hep3B cells transfected with miR-337 mimics or miR-NC were subjected to RT-gPCR for the detection of miR-337
expression. *P<0.05 compared with miR-NC. B. Proliferative activity of HepG2 and Hep3B cells was determined by
CCK-8 assay following transfection of miR-337 mimics or miR-NC. *P<0.05 compared with miR-NC. C. The effect of
miR-337 overexpression on the colony formation of HepG2 and Hep3B cells was evaluated using colony formation
assay. *P<0.05 compared with miR-NC. D. Cell apoptosis rate was detected in HepG2 and Hep3B cells transfected
with miR-337 mimics or miR-NC with an Annexin V-FITC apoptosis detection kit. *P<0.05 compared with miR-NC.
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Figure 3. MiR-337 overexpression decreases HCC cell migration and invasion. A, B. Migration and invasion of HepG2
and Hep3B cells were investigated using Transwell migration and invasion assays following transfection of miR-337
mimics or miR-NC. *P<0.05 compared with miR-NC.

Resumption expression of miR-337 attenuates
cell migration and invasion in HCC

Considering that the expression of miR-337
is correlated with lymph node metastasis, we
hypothesized that this miRNA is involved in
HCC metastasis. To confirm this hypothesis,
the migration and invasion abilities of Hep-
G2 and Hep3B cells transfected with miR-
337 mimics or miR-NC were assessed using
Transwell migration and invasion assays, res-
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pectively. As expected, upregulation of miR-
337 in HepG2 and Hep3B cells significantly
decreased their migration capacities compar-
ed with the miR-NC group (Figure 3A, P<
0.05). Similarly, the numbers of invaded ce-
lls were lower in the HepG2 and Hep3B cells
transfected with miR-337 mimics than in th-
ose transfected with miR-NC (Figure 3B, P<
0.05). These results suggest that miR-337
plays an inhibitory role in HCC cell metastas-
is.

Am J Cancer Res 2018;8(3):405-421



Tumor-suppressing roles of miR-337 in HCC

..GUGGGAGAUAAAUUUUAUAGGAC...

[ 111
CUUCUUUCCGUAGUAUAUCCUC
..GUGGGAGAUAAAUUUAUAUCCUC...

11

erase activity associated with
the pMIR-HMGA2-3’-UTR Wt pl-
asmid (Figure 4B, P<0.05) but
did not affect that derived fr-
om the pMIR-HMGA2-3’-UTR
Mut plasmid. RT-gPCR and We-
stern blot analysis were utiliz-
ed to explore whether miR-337
affects endogenous HMGA2
expression in HCC. As shown
in Figure 4C and 4D, the mR-
NA and protein expression lev-
els of HMGA2 were significantly
inhibited (P<0.05) in the Hep-

HMGA?2 3°-UTR wild type 52
hsa-miR-337 3
HMGA?2 3°-UTR mutant 5?
L5 mlmiR-NC 1.5 mmiR-NC
[ ImiR-337 mimics 5§ |CJImiR-337 mimics
= Hep3B Z
= HepG2 p g
210 Lo
2 P
E o
& £
.— ol
2 0.5+ * %
k= 2
[} =
~“ T
[
0.0 -
Wit Mut Wit Mut l'IC]I3C‘2
D 1.5+

HepG2 Hep3B

Relative HMGAZ2 protein expression

ElmiR-NC
[ImiR-337 mimics

1

Hep3B G2 and Hep3B cells transfect-
ed with miR-337 relative to th-
ose transfected with miR-NC.
These results demonstrate th-
at HMGA2 is a direct target
gene of miR-337 in HCC.

HMGAZ2 is overexpressed in
N HCC and inversely correlated
’ll with miR-337 expression

Figure 4. HMGA?2 is a direct target of miR-337 in HCC. A. MiR-337 and its
putative binding sequences in the 3’-UTR of HMGA2. Mutation was gen-
erated on the 3’-UTR of HMGA2 in the complementary sites for the seed
region of miR-337. B. HepG2 and Hep3B cells were cotransfected with miR-
337 mimics or miR-NC and wild-type or mutant HMGA2 3’-UTR. The relative
firefly luciferase activity was determined at 48 h posttransfection. *P<0.05
compared with miR-NC. C, D. HepG2 and Hep3B cells that were transfected
with miR-337 mimics or miR-NC were subjected to RT-gPCR and Western
blot analysis for detection of HMGA2 mRNA and protein expression, respec-

tively. *P<0.05 compared with miR-NC.

HMGAZ2 is a novel direct target gene of miR-
337 in HCC

To elucidate the mechanisms by which miR-
337 exerts its tumor-suppressing roles in HCC,
bioinformatics analysis was performed to pre-
dict the potential target of miR-337. HMGA2, a
well-known oncogene in HCC, was predicted to
be a hypothetic target gene of miR-337. As
presented in Figure 4A, a putative binding site
for miR-337 was identified in the 3-UTR of
HMGAZ2. To validate whether the 3’-UTR of HM-
GA2 could be directly targeted by miiR-337,
luciferase reporter assay was carried out in
HepG2 and Hep3B cells cotransfected with
mMiR-337 mimics or miR-NC and pMIR-HMGA2-
3-UTR Wt or pMIR-HMGA2-3’-UTR Mut. Ectop-
ic expression of miR-337 decreased the lucif-
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HepG2

Hep3B To further investigate the asso-
ciation between miR-337 and
HMGA2 in HCC, we detected
the expression of HMGA2 in
HCC tissues and adjacent non-
canceroustissues. RT-qPCR da-
ta revealed that the mRNA le-
vel of HMGA2 was higher in
HCC tissues than in adjacent
non-cancerous tissues (Figure
5A, P<0.05). In addition, the pr-
otein level of HMGA2 in seve-
ral paired HCC tissues and adjacent non-can-
cerous tissues was determined through We-
stern blot analysis. As illustrated in Figure 5B,
HMGAZ2 protein was significantly upregulated in
HCC tissues than in adjacent non-cancerous
tissues. Furthermore, HMGA2 protein level was
also determined in three HCC cell lines, includ-
ing HepG2, Hep3B and Huh-7. Compared with
that in the normal human liver cell line LO2,
HMGA?2 protein level was overexpressed in all
three HCC cell lines (Figure 5C, P<0.05). Be-
sides, an inverse association was validated
between miR-337 and HMGA2 mRNA level in
HCC tissues (Figure 5D; r = -0.5731, P<
0.0001). These results suggest that the upre-
gulation of HMGA2 in HCC is partially caused
by the downregulation of miR-337.
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Figure 5. HMGA2 is upregulated in HCC tissues and negatively correlated
with miR-337 expression. A, B. RT-gPCR and Western blot analysis were per-
formed to measure HMGA2 mRNA and protein expression in HCC tissues
and adjacent non-cancerous tissues. *P<0.05 compared with non-can-
cerous tissues. C. Western blot analysis was utilized to determine HMGA2
protein expression in three HCC cell lines and the normal human liver cell
line LO2 (control). *P<0.05 compared with LO2. D. The association between
miR-337 and the mRNA expression of HMGA2 was determined using Spear-

man’s correlation analysis. r = -0.5731, P<0.0001.

HMGA2 knockdown mimics similar effects to
miR-337 overexpression in HCC

Considering that HMGA2 was identified as a
direct target of miR-337 in HCC, we hypothe-
sized that the tumor-suppressive roles of miR-
337 in HCC is exhibited by HMGA2 inhibition.
To confirm this hypothesis, HMGA2 expression
in HepG2 and Hep3B cells was knocked do-
wn using HMGA2 siRNA. Western blot analys-
is showed that HMGA2 protein expression was
significantly downregulated in the HepG2 and
Hep3B cells transfected with HMGA2 siRNA
(Figure 6A, P<0.05). Functional experiments
indicated that inhibition of HMGA2 repressed
the proliferation (Figure 6B, P<0.05), colony
formation (Figure 6C, P<0.05), migration (Fi-
gure 6D, P<0.05), and invasion (Figure 6E, P<
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lIs together with pcDNA3.1 or
pcDNA3.1-HMGA2 lacking the
respective 3-UTR. Following tr-
ansfection, Western blot analy-
sis confirmed that the decr-
eased HMGA?2 protein expres-
sion caused by miR-337 over-
expression could be recover-
ed by cotransfection with pc-
DNA3.1-HMGA?2 in HepG2 and
Hep3B cells (Figure 7A, P<
0.05). In addition, restored HM-
GA2 expression significantly
rescued the effects of exoge-
nous miR-337 on the prolifera-
tion (Figure 7B, P<0.05), colony formation (Fi-
gure 7C, P<0.05), migration (Figure 7D, P<
0.05), invasion (Figure 7E, P<0.05), and apo-
ptosis (Figure 7F, P<0.05) of HepG2 and Hep-
3B cells. These results further confirm that
miR-337 exerts tumor-suppressive roles in
HCC, at least in part, by inhibiting HMGA2.

1.5 20 25

MiR-337 affects the PI3BK/AKT and Wnt/(3-
catenin signaling pathways in HCC

HMGA2 is involved in the regulation of the
PIBK/AKT and Wnt/B-catenin signaling path-
ways [22-24]. To determine whether miR-337
affects the PI3BK/AKT and Wnt/B-catenin sig-
naling pathways in HCC, we measured the
expression levels of AKT, p-AKT, B-catenin and
p-B-catenin in HepG2 and Hep3B cells cotr-
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introduced into HepG2 and Hep3B cells. At 72 h after transfection, the transfection efficiency was evaluated using Western blot analysis. *P<0.05 compared with
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NC siRNA. B-F. CCK-8 assay, colony formation assay, Transwell migration and invasion assays, and cell apoptosis assay were conducted to investigate the effect of
HMGA2 knockdown on HepG2 and Hep3B cell proliferation, colony formation, migration, invasion, and apoptosis, respectively. *P<0.05 compared with NC siRNA.
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Figure 8. Upregulation of miR-337 suppresses the PI3BK/AKT and Wnt/[3-
catenin signaling pathways in HCC. MiR-337 mimics was transfected into
HepG2 and Hep3B cells together with pcDNA3.1 or pcDNA3.1-HMGA2. At
72 h after transfection, Western blot analysis was conducted to measure

AKT, p-AKT, B-catenin, and p-B-catenin expression.

ansfected with miR-337 mimics and pcDNA-
3.1-HMGA2 or pcDNA3.1 through Western blot
analysis. Results demonstrated that the ecto-
pic expression of miR-337 decreased p-AKT
and p-B-catenin expression and that total AKT
and [B-catenin expression was unaltered in He-
pG2 and Hep3B cells (Figure 8). Meanwhile,
cotransfection of pcDNA3.1-HMGA2 restored
the effects of miR-337 overexpression on p-
AKT and p-B-catenin expression in HepG2 and
Hep3B cells. These results suggest that miR-
337 inhibits the activation of the PI3K/AKT and
Wnt/B-catenin signaling pathways in HCC by
regulation of HMGA2.

MIiR-337 suppresses tumor growth of hepa-
toma xenografts in vivo

To explore the role of miR-337 in tumor growth
in vivo, nude mice were treated with HepG2
cells transfected with miR-337 mimics or miR-
NC. The tumor volume was measured every 2
days. At 30 days after inoculation, all nude
mice were sacrificed and the xenografts were
weighed. We firstly detected miR-337 expres-
sion in tumor xenografts. The data of RT-qPCR
analysis showed that miR-337 was significantly
upregulated in miR-337 mimics-transfected tu-
mor xenografts compared with that in miR-
NC-transfected tumor xenografts (Figure 9A,
P<0.05). The tumor volume of the miR-337 mi-
mics groups was smaller than that of the miR-
NC groups from day 20 to day 30 (Figure 9B

417

and 9C, P<0.05). In addition,
the tumor weight of the miR-
337 groups significantly decre-
ased compared with that of
the miR-NC groups (Figure 9D,
P<0.05). Furthermore, Western
blot analysis indicated that the
expression levels of HMGA2,
p-AKT, and p-B-catenin in the
xenograft tumor tissues trans-
fected with miR-337 mimics
were reduced compared with
those in the xenograft tumor
tissues transfected with miR-
NC (Figure 9E). These results
suggest that miR-337 repress-
es HCC cell growth in vivo by
directly targeting HMGA2 and
regulating the PISK/AKT and
Wnt/B-catenin signaling path-
ways.

Discussion

MiRNAs serve as major regulators during the
tumorigenesis and tumor development of HCC
[25-27]. In addition, miRNAs may serve as new
promising biomarkers for the diagnosis and
prognosis and as effective therapeutic targets
for patients with this malignancy [28, 29].
Therefore, understanding the association be-
tween miRNAs and HCC may be beneficial to
discover novel therapeutic approaches towards
diagnosis and treatments. In the present stu-
dy, the expression level of miR-337 was down-
regulated in HCC tissues and cell lines. Decr-
eased miR-337 expression was significantly
correlated with TNM stage and lymph node
metastasis. In addition, resumption expression
of miR-337 inhibited cell proliferation, colony
formation, migration, and invasion; promoted
apoptosis in vitro; and reduced tumor growth
in vivo. Furthermore, HMGA2 was identified
as a direct target of miR-337 in HCC. HMGA2
was overexpressed in HCC and inversely corre-
lated with miR-337 expression. Moreover, HM-
GA2 knockdown exhibited similar effects to
miR-337 overexpression in HCC cells. Restor-
ed HMGA2 expression rescued the tumor-sup-
pressive roles of miR-337 overexpression in
HCC. Furthermore, upregulation of miR-337 in-
hibited the activation of the PI3K/AKT and
Wnt/B-catenin signaling pathways in HCC in
vitro and in vivo. Taken together, miR-337 may
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Figure 9. MiR-337 reduces HCC tu-
mor growth in vivo. A. MiR-337 ex-
pression was determined in tumor
xenografts using RT-qPCR. *P<0.05
compared with miR-NC. B. Mice
were sacrificed, and representative
images of the miR-337 mimics and
miR-NC xenograft tumors were ob-
tained. C. Tumor volume was calcu-
lated every 2 days after inoculation
for 2 weeks. *P<0.05 compared
with miR-NC. D. Tumor weight in
the different groups. *P<0.05 com-
pared with miR-NC. E. Western blot
analysis was performed to detect
HMGA2, AKT, p-AKT, B-catenin, and
p-B-catenin expression in xenograft
tumor tissues of the miR-337 and
miR-337 mimics miR-NC groups.

regulated in tumor tissues and
positively correlated with TNM
stage and lymph node status
[32]. Low miR-337 expression
could be an independent pro-
gnostic factor for the favorab-
le outcome of patients with
pancreatic ductal adenocarci-
noma [32]. In cervical cancer,
miR-337 is decreased in tum-
or tissues and cell lines. Do-
wnregulation of miR-337 is si-
gnificantly associated with the
tumor size, International Fe-
|deration of Gynecology and
Obstetrics stage, and lymph
node metastasis of cervical
cancer [33]. Decreased miR-
337 expression is also obser-
ved in melanoma [17], neuro-
blastoma [18], colorectal can-
cer [19], and non-small cell
lung cancer [20]. These find-
ings suggest that deregulati-
on of miR-337 is a promising
prognostic biomarker in these
types of human cancer.

MiR-337 is involved in malig-
nant progression of several
cancer types. For instance,
Zheng et al. reported that re-
storation expression of miR-
337 prohibits the growth, me-
tastasis, invasion, and angio-
genesis of gastric cancer cells
in vitro and in vivo [31]. Zhang
et al. revealed that miR-337
overexpression attenuates the
cell proliferation, colony forma-

serve as a tumor suppressor in HCC by directly
targeting HMGA2 and regulating the PISK/AKT
and Wnt/3-catenin signaling pathways.

MiR-337 is commonly aberrantly expressed in
multiple types of human malignancy. For ex-
ample, miR-337 expression is underexpress-
ed in gastric cancer tissues and cell lines. Its
aberrant expression is correlated with lymph
node metastasis [30, 31]. Gastric cancer pa-
tients with low miR-337 level have worse prog-
nosis than those patients with high miR-337
level [31]. In pancreatic ductal adenocarcino-
ma, the expression level of miR-337 is down-
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tion, and invasion of pancreatic ductal adeno-
carcinoma [34]. Dong et al. found that ectopic
expression of miR-337 decreases the prolifera-
tion and invasion of cervical cancer cells [33].
Xiang et al. demonstrated that miR-337 re-
expression suppresses the proliferation, migra-
tion, invasion, and angiogenesis of neuroblas-
toma cells in vitro and in vivo [18]. Kim et al.
indicated that enforced expression of miR-337
increases cellular senescence in vitro [19]. Du
et al. showed that resumption expression of
miR-337 increases the taxane chemosensiti-
vity of non-small cell lung cancer [20]. These
findings suggest that miR-337 is a novel and
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efficient therapeutic target for the treatment
of these malignancies.

Previous studies have identified several targ-
ets of miR-337, including MMP14 in gastric
cancer [31] and neuroblastoma [18], HOXB7 in
pancreatic ductal adenocarcinoma [34], SP1 in
cervical cancer [33], STAT3 in melanoma [17],
CKllx in colorectal cancer [19], and STAT3 and
RAP1A in non-small cell lung cancer [20]. The
current study confirmed HMGA2 as a direct
target of miR-337 in HCC. HMGA2, a membrane
of high mobility group A proteins, is a non-his-
tone chromatin-binding protein [36]. It is over-
expressed in various types of human cancer
and regulates the carcinogenesis and progres-
sion of different cancer types, such as breast
[38], thyroid [35], lung [36], colorectal [39], and
prostate [40] cancers. In addition, dysregula-
tion of HMGA2 correlates with clinicopatholo-
gic factors and prognosis in multiple human
cancer types. For example, HMGA2 expression
is increased in bladder cancer and correlated
with tumor grade and stage. Bladder cancer
patients with high HMGA2 level have shorter
recurrence-free survival and progression-free
survival in contrast to those with low HMGA2.
Multivariate analysis also demonstrates HM-
GA2 as an independent predictor of tumor re-
currence and progression in bladder cancer
[37]. Therefore, HMGA2 may serve as a poten-
tial target for the monitoring and treatment of
human cancers.

HMGA2 is highly expressed in HCC tissues
and cell lines [38, 39]. Upregulation of HMGA2
is strongly associated with tumor size, capsule
invasion, and vascular invasion. The overall sur-
vival rate of HCC patients with high HMGA2 lev-
els is shorter than that of HCC patients with low
HMGA?2 level. In addition, univariate and mul-
tivariate analyses demonstrates that MGA2 is
an independent prognostic and postoperative
survival predictor factor for HCC patients [38].
Further studies illustrates that HMGA2 may
serve important roles in the occurrence and
development of HCC through regulating cell
proliferation, apoptosis, migration, invasion,
metastasis, and epithelial-to-mesenchymal tr-
ansition [39-41]. In consideration of the impor-
tant roles of HMGA2 in HCC, the miR-337/
HMGA2 axis may provide novel and efficient
therapeutic opportunities to treat patients wi-
th this disease.
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In conclusion, miR-337 is underexpressed in
HCC tissues and cell lines, and its reduced
expression is correlated with TNM stage and
lymph node metastasis. MiR-337 plays tumor-
suppressive roles in HCC by directly targeting
HMGA2 and regulating the PI3BK/AKT and Wnt/
B-catenin signaling pathways. The results of
this study may provide novel evidence for the
potential utility of a miR-337/HMGA2-based
targeted therapy for patients with HCC.
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