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Original Article 
MiR-15a suppresses hepatocarcinoma cell migration 
and invasion by directly targeting cMyb 
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Abstract: Purpose: This study aimed to determine the function of miR-15a in HCC, and identify cMyb as a target of 
miR-15a. Methods: RNA expression was evaluated by quantitative real-time PCR (qRT-PCR). The effects of miR-15a 
or cMyb on HCC cells were evaluated by transwell migration assay and western blot analysis. CMyb, the predicted 
target, has been frequently verified by luciferase assay. Results: MiR-15a was markedly downregulated in sphere 
culture HCC cells by qRT-PCR. CMyb was predicted to be a potential target of miR-15a using bioinformatics analysis. 
This prediction has been frequently verified by luciferase assay and western blot. A positive correlation between 
cMyb and the migration ability of HCC cells was demonstrated by transwell assays. MiR-15a mimic suppressed 
cMyb expression to weaken HCC cell migration ability. On the other hand, miR-15a inhibitor upregulated cMyb and 
induced HCC cell migration. Conclusion: MiR-15a could suppress HCC progression through the repression of cMyb, 
making miR-15a a potential therapeutic target.
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Introduction

Liver cancer is the fifth most common solid 
malignant tumor worldwide [1] and the third 
leading cause of cancer-related deaths in China 
[2]. Hepatocellular carcinoma (HCC) is the pri-
mary pathological liver cancer type, accounting 
for 70-85% of primary liver cancers globally 
and 90% in China [3]. Although advances in 
diagnosis such as regular B-ultrasound exami-
nation, computed tomography (CT) and mag-
netic resonance imaging (MRI), as well as 
appropriate systemic treatments, have im- 
proved prognosis, tumor progression and 
metastasis usually occur rapidly after primary 
HCC, causing mortality [4]. To date, the precise 
mechanism of HCC metastasis remain unclear. 
Hence, more studies are necessary to clarify 
the progression of this phenomenon.

Since cancer stem cells (CSCs) possess stem 
cell properties such as self-renewing capacity, 
tumor-initiating ability, higher tumorigenicity, 
metastatic potential and chemoresistance, 
these cells have been hypothesized to be 
extremely important for understanding molecu-

lar mechanisms underlying tumor biology [5]. 
Moreover, studies focused on CSCs increase 
our knowledge regarding HCC characteristics. 
Recent advances in HCC stem cell biology have 
shown that cancer stem-like cells play very 
important roles in HCC initiation, progression, 
recurrence, metastasis and prognosis [6-9].

In 1992, the sphere culture method was devel-
oped by Reynolds and Weiss [10]. Many studies 
have validated that CSC population can be 
enriched under serum-free environment with 
the presence of specific factors such as EGF 
and basic FGF [10, 11]. This serum-free 
approach has been demonstrated as a reason-
able way to enrich these stem-cells like popula-
tions [12]. Special culture conditions for HCC 
sphere formation are helpful in maintaining 
CSCs in vitro [13, 14]. HCC sphere cultured 
cells were used as a kind of cancer stem-like 
cell in our study.

MicroRNAs (miRNAs) are non-coding, single 
stranded RNAs with lengths of 21-23 nucleo-
tides, which are processed from endogenous 
precursor RNAs with stem-loop structures [15]. 
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MiRNAs can base-pair with the 3’-untranslated 
region (3’-UTR) of messenger RNA (mRNA), in 
order as to inhibit translation or destabilize the 
mRNA, and to frequently and negatively regu-
late the expression of target genes [16, 17]. It 
has been predicted that miRNAs may regulate 
protein expression from as many as 10% to 
30% of all human genes [18]. Normally, miRNAs 
play important roles in crucial biological pro-
cesses such as organ development, cell differ-
entiation and proliferation, apoptosis, and can-
cer cell invasion [19]. In past few years, the 
deregulated expression of miRNAs has been 
widely reported in many diseases including 
cancer [20, 21]. At present, more target genes 
of miRNAs have been continuously validated in 
experiments and verified in clinical samples. 
MiRNAs have been proven to have a new impor-
tant role of regulating tumorigenesis, and these 
have been demonstrated to play important 
roles in various aspects of cancer progression 
including tumor metastasis [22]. For example, 
miR-15a is significantly decreased in HCC cells 
and tissues, especially in metastatic liver can-
cer cells; resulting in increased FOS and Met 
expression [23]. Moreover, the expression of 
miR-15a was significantly reduced in HCC tis-
sues, and this expression was negatively cor-
related with tumor TNM stage. Furthermore, 
this downregulation causes lymph node metas-
tasis with a low metastasis-free survival in 
patients [24]. These studies indicate the impor-
tance of conducting thorough investigations on 
miRNAs that are aberrantly expressed during 
HCC progression, especially miRNAs associat-
ed with HCC metastasis. In the present study, 
miR-15a was found to be significantly downreg-
ulated in HCC MHCC97H and Huh7 sphere cul-
tured cells, compared with their parent cells. By 
manipulating miR-15a levels in HCC cells, we 
validated that miR-15a promotes the mobility 
of HCC cells. cMyb has been predicted to be a 
target of miR-15a by bioinformatics analysis, 
which was validated by luciferase assay and 
western blot. The function of cMyb in HCC 
metastasis was verified by loss-of-function and 
gain-of-function assays.

Our study demonstrates that miR-15a plays  
a role as a metastasis promoter by directly  
targeting cMyb, suggesting that miR-15a  
has potential therapeutic value for HCC 
treatment.

Materials and methods

Cell culture

Human HCC cells (Huh7 and MHCC97H) and 
HEK293T were obtained from the Cell Bank of 
Institute of Biochemistry and Cell Biology, China 
Academy of Sciences (Shanghai, China). Cells 
were cultured at a density of 10,000 cells/cm2 
in a Dulbecco’s Modified Eagle Medium (DMEM; 
HyClone Laboratories, Logan, UT) high-glucose 
medium supplement containing 10% inactivat-
ed fetal bovine serum (FBS; HyClone Labo- 
ratories, Logan, UT) and 0.01% antibiotic-anti-
mycotic (Invitrogen, Carlsbad, CA); and incubat-
ed at 37°C with 5% CO2.

Sphere-forming culture

When HCC cell confluence reached 80%, cells 
were detached using 1× trypsin-EDTA. Serum-
free cells were suspended in DMEM/F12  
medium supplemented with 1% b27 supple-
ment, 0.01% antibiotic-antimycotic (Invitrogen, 
Carlsbad, CA), 20 ng/mL of epidermal growth 
factor (EGF; Invitrogen, Carlsbad, CA) and 20 
ng/mL of basic fibroblast growth factor (bFGF; 
Invitrogen, Carlsbad, CA). Cells were subse-
quently cultured in ultra-low attachment 24-well 
plates (24-well plate coated with Ultra-Low 
Attachment Surface (Corning, NY, USA) at a 
density of 2,000 cells per well, and were incu-
bated at 37°C with 5% CO2.

RNA isolation and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted from cultured cells 
with TRIzol Reagent (Invitrogen, Carlsbad, CA), 
according to manufacturer’s instructions. MiR-
15a quantification was conducted using a 
7500 Real-Time PCR System (Applied Bio- 
systems). After real-time PCR reaction was 
achieved, cycle threshold (Ct) data were de- 
termined using fixed threshold settings; and 
mean Ct was determined from triplicate PCRs. 
A comparative CT method was used to compare 
each condition to the controls. GAPDH snRNA 
was used as an internal control, and the relative 
amount of miR-15a normalized to GAPDH was 
calculated using the equation 2-ΔΔCT; where 
ΔΔCT = (Ct miR-15a - Ct GAPDH) target - (Ct 
miR-15a - Ct GAPDH) control.



miR-15a suppresses hepatocarcinoma cells’ properties

522 Am J Transl Res 2017;9(2):520-532

Overexpression or knockdown of cMyb

A full-length cMyb cDNA expression plasmid 
lacking the 3’-UTR was purchased from 
GenePharma Co., Ltd (Shanghai, China), and 
the empty plasmid served as the negative con-
trol. The siRNA sequence targeting human 
cMyb mRNA was designed and synthesized by 
GenePharma Co., Ltd (Shanghai, China). A 
scrambled siRNA was used as negative control. 
Sequences of the cMyb siRNA were as follo- 
ws: 5’-UGUUAUUGCCAAGCACUUAAA-3’ (sense); 
5’-UAAGUGCUUGGCAAUAACAGAA-3’ (antisen- 
se).

The cMyb overexpression plasmid or siRNA was 
transfected into MHCC97H and Huh7 cells 
using Lipofectamine 2000 (Invitrogen), accord-
ing to manufacturer’s instructions. The concen-
tration for the transfection of the cMyb cDNA 
plasmid or siRNA was 0.05 µg/mL or 50 nmol/L, 
respectively.

Overexpression or knockdown of miR-15a

The overexpression or knockdown of miR-15a 
was accomplished by transfecting cells with 
miR-15a mimic or inhibitor purchased from 
GenePharma Co., Ltd. (Shanghai, China). The 
transfection concentrations were 50 nmol/L for 
the miR-15a mimic and 200 nmol/L for the 
miR-15a inhibitor, which were also adopted 
when the control mimic or inhibitor was 
transfected.

Western blot

Total protein extraction from cultured cells was 
used in electrophoresis and western blot. 
Briefly, 20 micrograms of total protein were 
separated by standard SDS-PAGE and 
transferred onto PVDF membranes. The 
membranes were washed, blocked and 
incubated with specific primary antihuman 
antibodies (1:1,500), followed by incubation 
with horseradish peroxidase-conjugated se- 
condary antibodies (1:5,000). The reactions 
were detected by enhanced chemiluminescen- 
ce assay. The anti-cMyb antibody was obtained 
from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA), and a concentration of 1:1,500 was used. 
An antibody against anti-β-actin, as the control, 
was obtained from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA); and a concentration of 
1:1,500 was used.

Luciferase reporter assay

The entire 3’-UTR of human cMyb was amplified 
by PCR using human genomic DNA as the tem-
plate, and the PCR products were inserted into 
the p-MIR-reporter plasmid GenePharma Co., 
Ltd. (Shanghai, China). The insertion was con-
firmed by sequencing. In order to test the bind-
ing specificity, sequences that interact with the 
miR-15a seed sequence were mutated (from 
TGCTGCTA to GGTTACG); and the mutant cMyb 
3’-UTR was inserted into an equivalent lucifer-
ase reporter plasmid. For the luciferase report-
er assay, HEK293T cells were seeded in 24-well 
plates, and each well was transfected with 0.2 
µg of luciferase reporter plasmid, 0.4 µg of 
β-galactosidase (β-gal) expression plasmid and 
40 pmol of miR-15a mimic, 120 pmol of miR-
15a inhibitor or scrambled negative control 
RNAs using Lipofectamine 2000 (Invitrogen). 
The β-gal plasmid was used as the transfection 
control. At 24 hours after transfection, cells 
were harvested and analyzed for luciferase 
activity using luciferase assay kits (Promega, 
Madison, WI, USA).

Transwell assay

The migration ability of cells was also tested in 
a Transwell Boyden Chamber (6.5 mm, Costar, 
USA). Cells were placed in the upper compart-
ment, while the bottom was placed with the 
polycarbonate membranes (8-μm pore size). At 
24 hours after transfection, cells were harvest-
ed, counted and suspended in FBS-free DMEM 
medium. Then, 3×104 cells in 200 µL of DMEM 
medium were added to each upper chamber, 
0.6 mL of DMEM with 10% FBS was added to 
the lower compartment, and the Transwell-
containing plates were incubated at 37°C with 
5% CO2 for eight hours. After incubation, cells 
that entered the lower surface of the mem-
brane were fixed with 4% paraformaldehyde for 
20 minutes at room temperature, washed three 
times with distilled water, and stained with 
0.1% crystal violet in 0.1 mol/L of borate and 
2% ethanol for 15 minutes at room tempera-
ture. Non-migrant cells that remained on the 
upper surface of the filter membrane were gen-
tly scraped off with a cotton swab. The lower 
surfaces (with migrant cells) were captured 
using a photomicroscope (five fields per cham-
ber; BX51 Olympus, Japan), and the number of 
cells were counted.
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Statistical analysis

All western blot and Transwell assay images 
represent at least three independent experi-

ments. Quantitative RT-PCR and luciferase 
reporter assay were performed in triplicate, 
and each experiment was repeated at least 
three times. Results are presented as mean ± 

Figure 1. The expression of miR-15a was decreased in HCC sphere culturing cells and was positively correlated with 
the mobility of breast cancer cells. A: QRT-PCR assay of the relative expression of miR-15a in HCC sphere culturing 
cells and their relative parental cells. B: QRT-PCR analysis of the relative expression of miR-15a in HCC cell lines 
MHCC97H and Huh7 cells. C: Quantitative analysis of the migration rates in MHCC97H and Huh7 cells. D: Repre-
sentative image of Transwell assay. (*P < 0.05; **P < 0.01).
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SD. Differences between groups were calculat-
ed using student’s t-test, and P < 0.05 was con-
sidered statistically significant.

Results

MiR-15a is downregulated in HCC sphere cul-
tured cells and is positively correlated to the 
mobility of HCC cells

First, the levels of miR-15a in HCC sphere cul-
tured cells and their parental cells were indi-
vidually assessed using qRT-PCR, and revealed 
that the levels of miR-15a in HCC sphere cul-
tured cells were significantly lower than their 
relative parental cells (Figure 1A); suggesting 
that miR-15a is associated with HCC stem cell 
features including high migration ability. Then, 
miR-15a levels in two different liver cancer cell 
lines, MHCC97H and Huh7, were detected; and 
revealed that the concentration of miR-15a was 
significantly higher in MHCC97H cells (Figure 
1B). MHCC97H cells exhibited a higher migra-
tion ability in Transwell assays (Figure 1C and 
1D), indicating that miR-15a was positively cor-
related with HCC cell mobility.

CMyb is a potential target of miR-15a in liver 
cancer cells: Target genes of miR-15a were pre-
dicted in http://www.mirbase.org/ and http://
www.targetscan.org/vert_61/, and cMyb was 
identified as a potential target gene. Putative 
binding sites for miR-15a in the 3’-UTR of the 
cMyb mRNA are shown in Figure 2A. The seed 
region (core sequences that encompass the 
first 2-8 bases of mature miRNA) of miR-15a 
was perfectly base-paired with the 3’-UTR of 
cMyb mRNA. Furthermore, miR-15a binding 
sequences in the 3’-UTR of cMyb mRNA are 
highly conserved across species.

In order to assess whether cMyb could be regu-
lated by miR-15a, the effect of miR-15a on 
cMyb protein level in MHCC97H and Huh7 cells 
were investigated. As shown in Figure 2B, cMyb 

protein level was reduced by the induction of 
the miR-15a mimic, but significantly increased 
by transfection with the miR-15a inhibitor in 
both cell lines.

In order to ascertain whether miR-15a directly 
regulates cMyb expression by binding with 
cMyb the 3’-UTR, the full-length 3’-UTR of cMyb 
was amplified by PCR and fused downstream of 
the firefly luciferase gene in a reporter plasmid. 
The reporter plasmid was transfected into 
HEK293T cells along with a transfection control 
plasmid (β-gal) and miR-15a mimic or inhibitor. 
As expected, the overexpression of miR-15a 
resulted in a reduction of approximately 20% in 
luciferase reporter activity, while the inhibition 
of miR-15a resulted in a 1.3-fold increase in 
reporter activity, compared with cells trans- 
fected with the control inhibitor (Figure 2C). 
Furthermore, point mutations were introduced 
into the corresponding complementary sites  
in the cMyb 3’-UTR to eliminate the predicted 
miR-15a binding sites. This mutated luciferase 
reporter was unaffected by either the overex-
pression or knockdown of miR-15a (Figure 2C). 
In conclusion, these results demonstrate that 
miR-15a inhibits cMyb expression by binding to 
cMyb 3’-UTR.

The expression of cMyb increased in HCC 
sphere cultured cells and is positively correlat-
ed with the migration ability of HCC cells: 
MiRNAs have been generally thought to have 
an expression pattern that is opposite to that  
of their targets [25]. As miR-15a expression 
decreased in HCC sphere cultured cells, it was 
determined whether cMyb protein level in- 
creased. After assessing the protein level of 
cMyb protein in HCC sphere cultured cells, it 
was found that cMyb protein level was signifi-
cantly higher in HCC sphere cultured cells 
(Figure 3A). Furthermore, protein levels of cMyb 
were detected in MHCC97H and Huh7 cells; 
and higher cMyb protein levels were assessed 

Figure 2. CMyb is a target gene of miR-15a in HCC cells. A: Schematic illustration of the conserved miR-15a binding 
sites. The cMyb 3’-UTR contains two predicted miR-15a binding sites. The seed regions of miR-15a and the seed-
recognizing sites in the cMyb 3’-UTR are indicated in white background, and all nucleotides in seed-recognizing sites 
are completely conserved across several species. B: Western blotting analysis of cMyb protein levels in MHCC97H 
and Huh7 cells transfected with miR-15a mimic or inhibitor. C: Direct recognition of the cMyb 3’-UTR by miR-15a. 
Firefly luciferase reporters individually containing wild-type (WT), mutant (MUT)1, MUT2 or MUT1,2 miR-15a binding 
sites in the cMyb 3’-UTR were co-transfected into HEK293T cells with the scrambled negative control RNA, miR-
15a mimic or inhibitor. At 24 h post-transfection, the cells were treated with a luciferase assay kit. The results were 
calculated as the ratio of firefly luciferase activity in the miR-15a-transfected cells normalized to the control cells. 
*P < 0.05; **P < 0.01.
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in MHCC97H cells, which revealed a lower le- 
vel of miR-15a (Figure 3A). These findings fur-
ther suggest that the level of cMyb protein is 
negatively correlated with the level of miR-15a, 
and that cMyb expression is regulated by 
miR-15a.

As an adhesion molecule participating in com-
prising tight junctions, cMyb was reported to be 
associated with the metastasis of HCC cells. In 
order to further elucidate the function of cMyb 

in regulating the mobility of HCC cells, a loss-of-
function assay was performed by transfecting a 
siRNA against cMyb into MHCC97H cells. The 
left panel in Figure 3B shows that cMyb protein 
level was knocked-down in MHCC97H cells with 
cMyb siRNA. Then, Transwell assays were used 
to investigate MHCC97H cell migration. Within 
24 hours, Transwell assays revealed that less 
MHCC97H cells migrated through the mem-
brane of the lower well when cMyb expression 
was inhibited by siRNA (Figure 3C).

Figure 3. CMyb expression is increased in HCC sphere culturing cells and is positive correlated with the mobility 
of HCC cells. A: Western blotting analysis and quantification of cMyb protein levels in MHCC97H and Huh7 sphere 
culturing cells and their relative parental cells. B: Western blotting analysis and quantification of cMyb protein levels 
in MHCC97H cells transfected with control siRNA or cMyb siRNA. Western blotting analysis and quantification of 
cMyb protein levels in Huh7 cells transfected with control plasmid or cMyb overexpression plasmid. C: Left panel: 
Representative image of transwell assay of MHCC97H cells transfected with control siRNA or cMyb siRNA. Right 
panel: Quantitative analysis of migration rates. C: Left panel: Representative image of Transwell assay of Huh7 
cells transfected with control plasmid or cMyb overexpression plasmid. Right panel: Quantitative analysis of the 
migration rates. *P < 0.05; **P < 0.01 (MHCC97H parental cells = MHCC97H/p, MHCC97H sphere culturing cells 
= MHCC97H/s, Huh7 parental cells = Huh7/p, Huh7 sphere culturing cells = Huh7/s).

Figure 4. Effects of miR-15a on HCC cell migration. A: Representative image of Transwell assay of MHCC97H cells 
transfected with control mimic, miR-15a mimic, control inhibitor or miR-15a inhibitor. B: Representative image of 
Transwell assay of Huh7 cells transfected with control mimic, miR-15a mimic, control inhibitor or miR-15a inhibitor. 
C, D: Quantitative analysis of the migration rates. *P < 0.05; **P < 0.01.
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Gain-of-function assay was also conducted by 
transfecting cMyb cDNA plasmid into HCC cells. 
The increase in cMyb protein is shown in the 
right panel of Figure 3C. As expected, the over-
expression of cMyb promoted the migration 
ability of Huh cells, as demonstrated by 
Transwell assays (Figure 3C). Altogether, cMyb 
was found to be upregulated in HCC stem-like 
cells, and negatively regulate the mobility of 
HCC cells.

MiR-15a induces HCC cell migration by target-
ing cMyb: After demonstrating that cMyb is 

involved in HCC cell migration, the biological 
significance of miR-15a in HCC was investigat-
ed. As shown by transwell assays in Figure 4A, 
less MHCC97H cells migrated through the 
membrane when transfected with miR-15a 
mimic. Consistently, the knockdown of miR-15a 
by a miRNA inhibitor revealed opposite effects. 
The same biological function of miR-15a was 
found in Huh7 cells (Figure 4B). Transwell 
assays revealed a significant decrease in cells 
that migrated through the membrane when 
MHCC97H and Huh7 cells were transfected 
with miR-15a mimic (Figure 4C and 4D). As 

Figure 5. MiR-15a suppresses HCC cells migration by targeting cMyb. A: Western blotting analysis of the protein 
levels of cMyb in MHCC97H cells transfected with control mimic plus control plasmid, miR-15a mimic plus control 
plasmid or miR-15a mimic plus cMyb overexpression plasmid. B: Quantitative analysis of the migration rates. C: 
Representative image of Transwell assay of MHCC97H cells transfected with control mimic plus control plasmid, 
miR-15a mimic plus control plasmid or miR-15a mimic plus cMyb overexpression plasmid. D: Western blotting 
analysis of the protein levels of cMyb in Huh7 cells transfected with control inhibitor plus control siRNA, miR-15a 
inhibitor plus control siRNA or miR-15a inhibitor plus cMyb siRNA. E: Quantitative analysis of the migration rates. F: 
Representative image of Transwell assay of Huh7 cells transfected with control inhibitor plus control siRNA, miR-15a 
inhibitor plus control siRNA or miR-15a inhibitor plus cMyb siRNA. *P < 0.05; **P < 0.01.
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anticipated, the mobility of MHCC97H and 
Huh7 cells was significantly increased by trans-
fection with the miR-15A inhibitor, as individu-
ally shown in Figure 4C and 4D.

In order to further confirm that the effects of 
miR-15a are mediated by the repression of 
cMyb in HCC cells, knockdown of cMyb in 
MHCC97H cells by miR-15a mimic was restored 
by transfecting the cMyb cDNA vector; which  
is an expression that is not regulated by miR-
15a due to its lack of the 3’-UTR (Figure 5A). 
Figure 5B and 5C show that the inhibition of 
MHCC97H cell migration by miR-15a mimic can 
be reversed by the cMyb vector. Furthermore, 
cMyb siRNA was transfected into Huh7 cells to 
counteract the increase of cMyb protein caused 
by the miR-15a inhibitor (Figure 5D). Compared 
with cells transfected with the miR-15a inhibi-
tor and control siRNA, Huh7 cells transfected 
with the miR-15a inhibitor and cMyb siRNA 
exhibited impaired migration ability (Figure 5E 
and 5F). Taken together, these results demon-
strate that miR-15a promotes HCC cell migra-
tion by inhibiting cMyb.

Discussion

Metastasis remains as one of the major chal-
lenges for HCC patients undergoing various 
therapies including liver resection, local abla-
tion and chemoembolization. Oncogene regula-
tion has been thought to be a therapy strategy 
for HCC.

MiRNAs are a kind of small, non-coding RNAs 
that regulate specific mRNAs expression by 
inhibiting the translation or degradation of 
mRNA [15, 16]. According to Calin’s report, 
more than 50% of miRNAs are located in can-
cer-associated genomic points [26]. These miR-
NAs can function as tumor suppressor actors 
or promoters, depending on how these target 
genes are regulated by the miRNA [27]. MiR-
15a has been demonstrated to act as a cancer 
suppress actor in multiple kinds of cancer [28-
33]. For example, a study revealed that mir-15a 
expression decreased in serum of patients who 
suffered from advanced stage oral squamous 
cell carcinoma and lymph node metastasis 
[33]. In addition, the upregulation of miR-15a 
by recombinant lentiviral vector encoding miR-
15a/16-1 contributed to lower bcl2 expression, 
as well as inhibited the proliferation of CNE-2Z 
cells, promoted apoptosis and enhanced the 

sensitivity of CNE-2Z cells to radiotherapy [32]. 
Furthermore, the upregulation of miR-15a by 
gossypol acetate (GAA) in pituitary tumor cells 
induces apoptosis by targeting the bcl2 onco-
gene [28]. Although the function of miR-15a 
has been demonstrated in many studies, it 
remains to be reported in HCC. In our study, we 
found that the expression of miR-15a was 
downregulated in HCC sphere cultured cells 
and MHCC97H cells, indicating that miR-15a 
may be associated with the progression of 
HCC.

The HCC line MHCC97H has been classified as 
a high invasive subtype, which exhibit a charac-
teristic epithelial cobblestone-like morphology 
with highly expressed cell-cell adhesion mole-
cules such as E-cadherin; and has been identi-
fied as a representative HCC cell line with high-
invasive ability [34]. By contrast, Huh7 has 
been classified as a low invasive subtype [35]. 
In the present study, the highly tumorigenic 
HCC cell line, MHCC97H, was found to present 
a lower level of miR-15a, compared with the 
less tumorigenic cell line, Huh7. These results 
suggest that miR-15a is negatively associated 
with the malignant phenotypes of HCC includ-
ing the migration of breast cancer cells, and 
may serve as a marker of potential progression 
in cancer.

According to bioinformatics analysis, cMyb was 
predicted as a potential target gene of miR-
15a. Consistently, the level of cMyb protein 
increased in HCC sphere cultured cells, which 
is coincident with the downregulation of miR-
15a. Furthermore, MHCC97H cells with lower 
levels of miR-15a expressed a higher level of 
cMyb protein, than Huh7 cells. Moreover, west-
ern blot analysis revealed that miR-15a inhibits 
cMyb translation in HCC cells. We also found 
that luciferase activity of the reporter plasmid 
containing cMyb 3’-UTR can be remarkably 
decreased by miR-15a mimic, while knockdown 
of miR-15a in HCC cells resulted in a decrease 
in luciferase activity. These results prove that 
miR-15a can fine-tune the expression of cMyb 
through binding to the 3’-UTR of cMyb.

Under normal conditions, the transcription fac-
tor cMyb has a key role in regulating an exqui-
site balance among cell division, differentiation 
and survival; and has now been identified as an 
oncogene involved in some human leukemia 
and solid cancers [36-38]. When inappropri-



miR-15a suppresses hepatocarcinoma cells’ properties

530 Am J Transl Res 2017;9(2):520-532

ately expressed, cMyb appears to activate 
important gene targets to promote cancer pro-
gression and metastasis. These genes include 
cyclooxygenase-2 (COX-2) [25], Bcl-2, Bcl-X (L) 
[39] and c-Myc [40]; which influence diverse 
processes such as angiogenesis, proliferation 
and apoptosis. As for HCC, cMyb has been 
recently reported as an oncogene that is 
involved in the HCC pathogenesis of HCCs [41-
43]. Yang et al. [44] validated that the increas- 
ed expression of cMyb and Sp1 binding to the 
methionine adenosyltransferase 2A (MAT2A) 
promoter contribute to the upregulation of 
MAT2A expression. MAT2A can catalyze the for-
mation of S-adenosylmethionine to promote 
HCC growth. In the present study, we do dem-
onstrate that c-Myb can positively regulate the 
mobility of HCC cells.

In our study, loss-of-function assay using 
MHCC97H cells transfected with c-Myb siRNA 
revealed that knockdown of c-Myb suppresses 
the migration of HCC cells, while gain-of-func-
tion assay by overexpressing c-Myb in Huh7 
cells revealed that c-Myb overexpression pro-
motes migration. These results suggest the 
role of c-Myb as a positive regulator of migra-
tion in HCC cells.

Regarding the mechanisms of the downregula-
tion of c-Myb protein in HCC, a previous report 
has shown that miR-150 inhibits cMyb gene 
transcription [45]. Considering that the 3’-UTR 
of human cMyb is as long as 3.6 kb, we hypoth-
esized that cMyb expression may be downregu-
lated by miRNAs such as miR-15a in HCC. 
Indeed, a negative correlation between the 
expression of miR-15a and cMyb was estab-
lished in the present study. The overexpression 
of miR-15a decreased the migration ability of 
HCC cells by downregulating cMyb. Additionally, 
the upregulation of c-Myb protein can promote 
migration by expressing the cMyb cDNA vector, 
although this induced mobility can be reversed 
by miR-15a mimic. This further confirms that 
miR-15a regulates the migration of HCC cells by 
targeting cMyb. Furthermore, in comparing the 
mobility of Huh7 cells transfected with an miR-
15a inhibitor plus control siRNA or miR-15a 
inhibitor plus cMyb siRNA revealed that the 
miR-15a inhibitor upregulated the migration of 
HCC cells by regulating cMyb expression.

In summary, our data reveals a new role for 
miR-15a as an oncogenic miRNA in HCC. The 

identification of the miR-15a in targeting the 
cMyb pathway provides a potential new thera-
peutic target in the treatment of HCC. 
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