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miR-449a inhibits proliferation and invasion
by regulating ADAM10 in hepatocellular carcinoma
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Abstract: MicroRNAs (miRNAs) are a class of small, non-coding RNAs that play a crucial role in tumor procession.
It has been demonstrated that miR-449a expression was downregulated and served as tumor suppressor in many
types of tumor. However, the biological function and molecular mechanism of miR-449a in hepatocellular carci-
noma (HCC) still remains largely unknown. Therefore, the aims of this study were to investigate biological role and
molecular mechanism of miR-449a in HCC by a serial of molecular experiments. Here, we demonstrated that miR-
449a expression was downregulated in HCC tissues and cell lines compared with the adjacent nontumor tissues
and normal hepatic cell line. Ectopic expression of miR-449a suppressed HCC cell proliferation, colony formation,
migration and invasion. Moreover, A Disintegrin And Metalloproteinases 10 (ADAM10) was identified as a direct
target gene of miR-449a in HCC cell. ADAM10 expression was upregulated in HCC tissues and cell lines, and was
negatively correlated with the expression level of miR-449a in HCC tissues. Interesting, overexpression of ADAM10
attenuated the inhibition effect of miR-449a-mediated HCC cell proliferation, colony formation, migration and inva-
sion. These results suggested that miR-449a might function as a tumor suppressor miRNA, at least in part, through

regulating ADAM10 expression in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common human cancers in the world,
which ranks as the fifth most common malig-
nancy and the second leading cause of cancer
death worldwide, resulting in about 745,000
HCC-related deaths annually [1]. Despite recent
advances in therapeutic strategies such as sur-
gery resection, liver transplantation, radiother-
apy, and adjuvant chemotherapy, longtime sur-
vival of advance HCC patients remains unsatis-
factory mainly due to its high recurrent and
metastatic rate [2, 3]. Therefore, it is crucial to
understand the molecular mechanism by which
regulate the growth and metastasis of HCC for
exploring the novel biomarkers and therapy
agent in HCC patients.

MicroRNAs (miRNAs) are a class of small (18-
25 nucleotides), endogenously expressed, well-
conserved noncoding RNA molecules that regu-
late gene expression post-transcriptionally by

binding to the 3’-untranslated region (3'UTR) of
target mRNAs, leading to the degradation of
the mRNA or translational inhibition of funct-
ional proteins [4-6]. Given that more than 50%
of miRNAs are located in cancer-associated
genomic regions or in fragile sites, miRNAs may
involve in regulation of cancer initiation and
progression [7]. Emerging evidence has dem-
onstrated that miRNAs contributes to develop-
ment and progression of human cancers includ-
ing HCC by promoting oncogene expression or
by inhibiting tumor suppressor genes [8, 9].

miR-449a, located in the first intron of CDC20B
on chromosome 5q11, has been reported to be
downregulated and function as a tumor sup-
pressor by regulating cell proliferation, cycle
procession, apoptosis and migration and inva-
sion in several types of human cancers [10-14].
Recently studies has been demonstrated that
miR-449a expression was downregulated, sup-
pressed the epithelial-mesenchymal transition
and metastasis of HCC by targeting FOS and
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Met [15], as well as induced HCC cell apopto-
sis by targeting Calpain6 and POU2F1 [16].
However, the detail biological function, and
underlying molecular mechanism of miR-449a
in HCC has not been total elucidated. Therefore,
the goal of this study was to explore the role
and underlying mechanism of miR-449a in
HCC. We demonstrated that miR-449a expres-
sion was downregulated in the HCC tissues and
cell lines, and overexpression of miR-449a in
HCC cells suppressed cell proliferation, colony
formation, migration and invasion by targeting
A Disintegrin and Metalloproteinases (ADAM
10). These results suggested that miR-449a
may serve as a promising target for HCC.

Materials and methods
Tissue samples and cell culture

Forty pair surgical specimens of HCC tissues
and their adjacent non-cancerous tissues
(more than 5 cm from the cancer tissue) were
obtained from patients with HCC who under-
went surgery between July 2010 and Sep-
tember 2014 at Department of Hepatobiliary
and Pancreatic Surgery, the First Hospital,
Jilin University (Changchun, China). All tissue
samples were immediately frozen in liquid ni-
trogen after resection, and stored at -80°C
until RNA extraction. Informed consent was ob-
tained from each patient or family. This study
protocol was approved by the ethics commi-
ttee of the First Hospital of Jilin University.

HCC cell lines (SMMC-7721, Hep3B, HepG2,
Huh-7) and normal hepatic cell line, HL-7702
were brought from Institute of Cell Biology of
Chinese Academy of Science (Shanghai, China),
and cultured in Dulbecco’s modified Eagle’s
medium (DMEM, Hyclone) supplemented with
10% (v/v) fetal bovine serum (FBS, HyClone,
USA), 2 mmol/L glutamine, 100 units/mL pe-
nicillin or 100 pg/ml streptomycin, and incu-
bated at 37°C in a humidified incubator with
an atmosphere of 5% CO,.

Cell transfection

miR-448 mimic and corresponding negative
control (miR-NC) were synthesized by RiboBio
(Guangzhou, China). ADAM10 overexpression
plasmid was purchased from Genechem (Sh-
anghai, China). Cell transfections were per-
formed using Lipofectamine2000 kit (Invi-
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trogen, Carlsbad, CA, USA) following to the
manufacturer’s instructions.

Real-time quantitative polymerase chain reac-
tion (RT-qPCR)

Total RNA from cell lines and tissues was
extracted with TRIzol® reagent (Invitrogen)
according to the manufacturer’s instructions,
and the concentration of total RNA was quan-
tified using a NanoDrop 2000 (Thermo Fish-
er Scientific, Waltham, MA, USA). For quantify
miR-449a, cDNA was synthesized with the
TagMan MicroRNA reverse transcription Kit
(Applied Biosystems, Foster City, CA, USA), and
then was quantified using the QuantMir RT
Kit (System Biosciences, Mountain View, CA,
USA) under ABI 7900 Sequence Detection Sys-
tem (Applied Biosystems) with miR-449a und
U6 primers (Applied Biosystems). For detection
ADAM10 expression, RNA was reverse-tran-
scribed into cDNA by a Primescript™ RT re-
agent kit (Takara, Dalian, China), then was
quantified using Real-time PCR Mixture Re-
agent (Takara) under ABI 7900 Sequence De-
tection System (Applied Biosystems) with pri-
mes of ADAM10 and B-action as described
previously [17]. The relative miR-449a expre-
ssion was normalized to U6 and the express-
ion of ADAM10 was normalized to B-action by
using 222t method.

Cell proliferation and colony formation assay

Cell proliferation was determined using the
Cell Counting Kit-8 kit (CCK-8 kit, Dojindo,
Japan). In briefly, transfected cells were seed-
ed into 96-well culture plates and cultured
at DMEM medium supplemented with 10%
(vw/v) FBS for 24 h-72 h. At the indicated time
points (24 h, 48 h and 72 h), 10 yl CCK-8
reagent (DoJinDo, Japan) was added to each
well, followed by measuring the absorbance
at 450 nm on an enzyme immunoassay ana-
lyzer (Bio-Rad, USA).

For the colony formation assay, transfect-
ed cells were resuspended and seeded onto
6-well plates at a density of 1000 cells/well
and maintained in DMEM containing 10% FBS
for 2 weeks. Colonies were fixed with methanol
and stained with 0.1% crystal violet for 15 min,
and then were counted by light microscope
(Olympus, Tokyo, Japan). The percentage colo-
ny formation was calculated by adjusting con-
trol to 100%.
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Figure 1. miR-449a expression was downregulated in HCC tissues and cell lines. A. The expression of miR-449a
was measured in 40 pairs HCC tissues and adjacent nontumor tissues by qRT-PCR. **P<0.01 versus nontumor
tissues. B. The expression of miR-449a was measured in four HCC cell lines (SMMC-7721, Hep3B, HepG2, Huh-7)
and normal hepatic cell line HL-7702 by qRT-PCR. *P<0.05, **P<0.01 versus HL-7702.

Wound healing and invasion assays

Cell migration was assessed by measuring the
movement of cells into a scraped. In briefly, 1 x
10° transfected cells were plated in 12-well
plates in DMEM containing 10% FBS. After 24
h, a scratch was made through the confluent
cell monolayer using a 200-ul pipette tube, and
the spread of wound closure was observed
after 24 h and photographed under a micro-
scope (Olympus, Tokyo, Japan).

For invasion assays, 1 x 10° transfected cells
in serum-free medium were plated in the upper
of the membranes coated with Matrigel (BD
Biosciences, Becton Dickson Labware, Flanklin
Lakes, NJ, USA), and 600 pul of DMEM medium
containing 10% FBS were added to the low-
er chamber to serve as chemoattractant. After
48 hours, the noninvading cells were gently
removed with a cotton swab, while invasive
cells located on the lower side of the cham-
ber were fixed with 4% paraformaldehyde,
stained with 0.1% crystal violet, air dried, pho-
tographed, and quantified by counting them
in randomly five fields by a light microscope
(Olympus).

Dual-luciferase reporter assay

The wild type and mutant 3’'untranslated re-
gion (3'UTR) of ADAM10 were synthesized from
Genechem (Shanghai, China) and subcloned
into psicheck-2 vector (Promega, Madison, WI,
USA) downstream of the firefly luciferase cod-
ing region, named as Wt-ADAM10-3’UTR and
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Mut-ADAM10-3'UTR. For the luciferase report-
er assay, HepG2 cells were cultured in the 96-
well plate at 50% confluence before transfec-
tion. Cells were tranfected with Wt/Mut AD-
AM10-3’UTR report plasmid, renilla, and miR-
449a mimic or miR-NC using Lipofectamine
2000 kit (Invitrogen) according to the manu-
facturer’s information. After 48 h transection,
luciferase activities were determined using a
dual-luciferase reporter analysis System (Pro-
mega, USA). The relative luciferase activity was
normalized to renilla luciferase activity.

Western blot analysis

The cultured cells or tissues were harvest-
ed and then homogenized in a lysis buffer
(Tris-HCI 50 mmol/L, EDTA 5 mmol/L, NaCl
150 mmol/L, sodium deoxycholate 1%, Na Vo,
500 pmol/L, Triton X-100 0.5%, AEBSF 10
umol/L, NaF 10 mmol/L) on ice for 30 min,
then cell lysates were collected by centrifuga-
tion at 10,000 g for 15 min. The concentrations
of protein were determined using the Bradford
reagent kit (Sigma, German). Equal amounts
of protein (20 uyg/lane) from the cell lysates
were separated on a 10% SDS-polyacrylamide
gel (SDS-PAGE) and transferred onto polyviny-
lidene difluoride (PVDF) membranes (Bio-Rad,
Richmond, CA, USA). The protein in the PVDF
membrane was blocked with 5% nonfat skim
milk in PBS plus 0.1% Tween-20 (PBST) for
2 h at room temperature. Then the mem-
branes were incubated overnight at 4°C with
antibodies against ADAM10 (1:1000; Santa
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Figure 2. miR-449a inhibits cell proliferation and colony formation in HCC cells. A. The expression of miR-449a was
measured in HepG2 cell after tranfected with miR-449a mimic or miR-NC using qRT-PCR. B. Cell proliferation was
determined in HepG2 cell after tranfected with miR-449a mimic or miR-NC using CCK8 assay. C. Colony formation
was determined in HepG2 cell after tranfected with miR-449a mimic or miR-NC. *P<0.05, **P<0.01 versus miR-

NC.

Cruz Biotechnology Inc., California, USA) and
B-actin (1:5000; Santa Cruz Biotechnology Inc).
The membranes were incubated with second-
ary horseradish peroxidase (HRP)-conjugated
anti-mouse antibodies (1:10000; Santa Cruz
Biotechnology) at room temperature for 2 h.
The protein bland was visualized using a che-
miluminescent detection system (ECL, Thermo
Scientific, Rockford, IL, USA).

Statistical analysis

All data are presented as mean + SD (standard
deviation) from at least three independent
experiments with similar results. Statistical
analyses were undertaken using SPSS version
19.0 software (SPSS, Chicago, IL, USA). The dif-
ferences between groups were analyzed using
Student’s t-test or one-way ANOVA. The rela-
tionship between ADAM10 and miR-449a
expressions was analyzed with Pearson’s cor-
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relation. A value of P<0.05 was taken as an
indication of statistical significance.

Results

miR-449a expression is downregulated in HCC
tissues and cell lines

We firstly measured the expression of miR-
449a in the 40 pairs of HCC tissues and adja-
cent nontumor tissues by quantitative RT-PCR.
As shown in Figure 1A, miR-449a was signi-
ficantly downregulated in HCC tissues com-
pared with adjacent nontumor tissues (P<0.01).
Furthermore, we also investigated the expre-
ssion of miR-449a in four HCC cell lines (SM-
MC-7721, Hep3B, HepG2 and Huh-7) and nor-
mal hepatic cell line HL-7702 by qRT-PCR.
Compared with normal hepatic cell line HL-
7702, miR-449a expression was significantly
decreased in four HCC cell lines (Figure 1B).

Am J Transl Res 2016;8(6):2609-2619
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Figure 3. miR-449a inhibits cell migration and invasion in HCC cells. A. Cell migration was measured in HepG2 cell
after tranfected with miR-449a mimic or miR-NC using wound healing assay. B. Cell invasion was determined in
HepG2 cell after tranfected with miR-449a mimic or miR-NC using transwell invasion assay. *P<0.05, **P<0.01

versus miR-NC.

HepG2 displayed a lowest expression level of
miR-449a among four cell lines (Figure 1B),
thus, it was selected as a model for below
study.

miR-449a inhibits cell proliferation and colony
formation in HCC cells

To assess the function of miR-449a in HCC pro-
cession, miR-449a mimic and negative con-
trols (MiR-NC) were transfected into HepG2
cells, respectively. miR-449a expression was
upregulated in the HepG2 cells after transfect-
ed with miR-449a mimic (Figure 2A), suggest-
ing that the efficiency of miR-449a mimic was
high. We evaluated the effect of miR-449a on
cell proliferation using CCK8 assay. As shown
in Figure 2B, restoration of miR-449a signifi-
cantly inhibited cell proliferation in HepG2 cells
(P<0.01). Consistent with this result, miR-449a
overexpression significantly inhibited colony
formation of HepG2 cells (Figure 2C).
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miR-449a inhibits cell migration and invasion
in HCC cells

To investigate the effect of miR-449a on metas-
tasis ability of HCC cells, migration and inva-
sion were determined in Hep2 cells transfected
with miR-449a or miR-NC by using wound heal-
ing and transwell invasion assays, respectively.
The result of wound-healing showed that miR-
449a overexpression caused a suppression of
cell migration in the HepG2 cells (Figure 3A).
Transwell invasion assay demonstrated that
miR-449a markedly reduced invasiveness of
HepG2 cells (Figure 3B).

miR-449a directly targets ADAM10 3’-UTR

To explore the mechanism underlying inhibitory
effects of miR-449 on growth and metastasis
of HCC cells, putative miR-449a targets were
predicted using target prediction algorithm
(miRanda and TargetScan7.0). Our analysis re-

Am J Transl Res 2016;8(6):2609-2619
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Figure 4. miR-449a directly targets ADAM10 3’-UTR. (A) Schematic illustration of the predicted miR-449a-binding
sites in ADAM10 3’-UTR. (B) Luciferase activity was measured in HepG2 cells after co-transfected with miR-449a
mimic or miR-NC and Wt or Mut ADAM10 3’UTR report plasmid. Wt: wide-type; Mut: mutant-type. (C and D) ADAM10
expression on mRNA level (C) and protein level (D) was measured in HepG2 cell after tranfected with miR-449a
mimic or miR-NC by gRT-PCR and western blot, respectively. B-actin was used as a control. *P<0.05, **P<0.01

versus miR-NC.

vealed that ADAM10 was a potential target
of miR-449a since the 3-UTR of ADAM10
mRNA contains a complementary site for the
seed region of miR-449a at position 287-293
(Figure 4A). To verify whether or not ADAM10
is a direct target of miR-449a, luciferase re-
porter assay was performed in HepG2 cells. As
shown in Figure 4B, overexpression of miR-
449a caused a significant decrease in lucifer-
ase activity in HepG2 cells transfected with
the reporter plasmid with Wt-ADAM10-3'UTR,
but not reporter plasmid with Mut-ADAM10-
3’'UTR. In addition, endogenous ADAM10 ex-
pression in HepG2 cells transfected with miR-
449a mimic was examined. The results show-
ed that ADAM10 expression on mRNA level
and protein level was decreased in HepG2
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cells transfected with miR-449a (Figure 4C
and 4D). These results suggest that miR-
449a directly targets ADAM10 3’-UTR, and
inhibits its expression.

miR-449a expression is negatively associated
with ADAM10 in HCC tissues

To investigate the relationship between miR-
449a and ADAM10 in HCC, ADAM10 expres-
sion on mRNA level and protein level was
detected by qRT-PCR and Western blot, respec-
tively. ADAM10 expression on mRNA level and
protein level was increased in HCC tissues
compared with adjacent nontumor tissues
(Figure 5A and 5B). Through two-tailed Pear-
son’s correlation analysis, we found that AD-

Am J Transl Res 2016;8(6):2609-2619
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Figure 5. miR-449a expression is negatively associated with ADAM10 in HCC tissues. A. The mRNA expression of
ADAM10 was measured in 40 pairs HCC tissues and adjacent nontumor tissues by qRT-PCR. **P<0.01 versus non-
tumor tissues. B. ADAM10 protein was measured in HCC tissues and corresponding nontumor tissues by western
blot. B-actin was used as a control. C. The negative correlation between ADAM10 mRNA expression and miR-449a
expression was determined by Pearson’s correlation. D. The ADAM10 protein expression was measured in four HCC
cell lines (SMMC-7721, Hep3B, HepG2, Huh-7) and normal hepatic cell line HL-7702 by western blot. B-actin was

used as a control.

AM10 mRNA expression was inversely corre-
lated with miR-449a expression (Figure 5C;
r=-0.655, P<0.001). In addition, we also found
that found that ADAM10 protein expression
was significantly increased in four HCC cell
lines (SMMC-7721, Hep3B, HepG2, Huh-7)
compared with normal hepatic cell line HL-7702
(Figure 5D).

ADAM10 rescued the suppressive effect of
miR-449a-mediated HCC on cell proliferation,
colon formation, and invasion

To determine whether or not ADAM10 is invo-
Ived in miR-449a-inhibition effect on cell pro-
liferation, colon formation, and invasion, AD-
AM10 overexpression plasmid was transfect-
ed into the HepG2 cells with high levels of
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miR-449a or miR-NC to counteract the fun-
ction of miR-449a. qRT-PCR and western blot
assays demonstrated that miR-449a over-
expression obviously ADAM10 expression on
mRNA level and protein level in HepG2 cells,
while overexpression ADAM10 plasmid abol-
ished the inhibition expression of ADAM10
caused by the miR-449a mimic (Figure 6A and
6B). In addition, we found that overexpress-
ion of ADAM10 can rescue the suppressive
effect on proliferation (Figure 6C), colony for-
mation (Figure 6D), migration (Figure 6E) and
invasion (Figure 6F) in HepG2 cells caused by
miR-449a overexpression. These results sug-
gested that miR-449a exerted its suppressive
roles in HCC cells, at least in part, by repressing
ADAM10.

Am J Transl Res 2016;8(6):2609-2619
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Figure 6. ADAM10 rescued the suppressive effect of miR-449a-mediated HCC on cell proliferation, colon formation, and invasion. (A and B) ADAM10 expression on
mRNA level (A) and protein level (B) was measured in HepG2 cells transfected with miR-449a with/without ADAM10 overexpression plasmid. B-actin was used as
an internal control. (C-F) Cell proliferation (C), colon formation (D), migration (E) and invasion (F) were determined in HepG2 cells transfected with miR-449a with/
without ADAM10 overexpression plasmid. *P<0.05, **P<0.01 versus miR-449a.
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Discussion

Accumulating evidence revealed that altered
expression of miRNAs contribute to initiation
and progression of HCC by promoting oncogene
expression or by inhibiting tumor suppressor
genes [8, 9]. For instance, miR-222 could sig-
nificantly promote cell proliferation, migration
and invasion, and decrease cell apoptosis, as
well as enhance the resistance of HCC cells
to sorafenib at least in part through activat-
ing PI3K/AKT signaling pathway [18]. miR-140-
5p overexpression suppressed HCC growth
and metastasis by regulating TGFB receptor
1 (TGFBR1) and fibroblast growth factor 9
(FGF9) [19]. miR-154 overexpression in HepG2
cells could inhibit cell proliferation, migration
and invasion, and induced apoptosis and cell
arrest at G1 phase in vitro, as well as suppress
tumor growth in nude mice model by repressing
ZEB2 [20]. Here, we showed that miR-449a
expression was downregulated in the HCC tis-
sues and cell lines compared with the adjacent
nontumor tissues and normal hepatic cell line;
which is consistent with the previous reports
that miR-449a expression was suppressed in
HCC tissue and cell lines [15, 16]. In addition,
our study also showed that ectopic express-
ion of miR-449a suppressed HCC cell prolifera-
tion, colony formation, migration and invasion
by repressing ADAM10. These data suggest-
ed that miR-449a played important roles in
HCC procession.

miR-449a is a member miR-449 family cluster,
located in the first intron of CDC20B on chro-
mosome 5ql11, which is a susceptibility locus
in a variety of malignancies, including HCC [15].
It has been reported that miR-449a express-
ion is downregulated, and functioned as a
tumor suppressor miRNA in majority maglig-
nancies, such as prostate cancer [10], naso-
pharyngeal carcinoma [11], gastric cancer [12],
non-small cell lung cancer [13], glioblastoma
[21], endometrial cancer [22]. On the contrary,
in breast cancer, miR-449a was found to be
upregulated, and promote breast cancer cell
proliferation, clonogenic survival, migration,
and invasion by targeting Cysteine-Rich Protein
2 [23]. In the present study, our results showed
that miR-449a expression was downregulated
in the HCC tissues and cell lines, and that res-
toration of miR-449a suppressed cell prolifera-
tion, colony formation, migration and invasion
of HCC, which is consistent with the previous
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reports that miR-449a expression was sup-
pressed HCC growth and metastasis, and
induced cell apoptosis [15, 16]. Our results
together with previous results suggest that
miR-449a function as tumor suppressor in
HCC.

A disintegrin and metalloproteinase 10 (AD-
AM10) is a member of the ADAM family which
involved in multiple cellular processes such
as cell proliferation, differentiation, migration,
and invasion [24, 25]. Growing evidence dem-
onstrated that ADAM10 plays important roles
in cancer initiation and progression [26, 27]. It
has been showed that ADAM10 expression was
significantly up-regulated in HCC tissues, and
its expression was significantly associated with
higher tumor grade, tumor size and metastasis
[28]. Recently studies showed that ADAM10
could promote the cell invasion and cell migra-
tion in HepG2 cells [29], and that downregu-
lation of ADAM10 by siRNA could inhibit HCC
cell migration and invasion [17, 30], increase
sorafenib antitumor activity of liver cancer [31].
These results suggest that ADAM10 serve as
oncogene in HCC. Here, we identified ADAM10
as a direct target gene of miR-449a in HCC cell.
ADAM10 expression was upregulated in HCC
tissues and cell lines, and its mMRNA express-
ion level was negatively correlated with the
expression level of miR-449a in the HCC tis-
sues. ADAM10 overexpression rescued the
effect of miR-449a-mediated HCC on cell prolif-
eration, colony formation, migration and inva-
sion. These results suggested that miR-449a
exerts a tumor suppressive role in HCC part-
ly through targeting ADAM10 expression. Pre-
vious studies has been demonstrated that
miR-449a inhibited HCC growth and metasta-
sis of HCC by targeting FOS and Met [15], as
well as induced cell apoptosis by targeting
Calpain6 and POU2F1 [16]. These results to-
gether with our results imply that miR-449a
exert its suppressive role in HCC by targeting
multiple genes.

In conclusion, the present study showed that
miR-449a expression was downregulated in
HCC tissues and cell lines, and that miR-449a
functioned as a tumor suppressor miRNA by
inhibiting cell proliferation, colony formation,
migration, and invasion of HCC via partially
repressing ADAM10 expression. These results
suggested that miR-449a might be employed
as a novel and effective therapeutic target for
HCC in future.
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