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Abstract: Increasing evidences have demonstrated that microRNAs (miRNAs) act an essential role in regulating
tumor progression and metastasis. Previous miRNAs microarray data showed that hsa-miR-599 is lower expressed
in hepatocellular carcinoma (HCC); however, the function and molecular mechanism of hsa-miR-599 on HCC has
not been well illustrated. Here, we first analyzed the expression level of hsa-miR-599 in HCC tissues and cell lines
by real-time reverse-transcription PCR (QRT-PCR). Interestingly, we found that hsa-miR-599 was significantly down-
regulated in the examined HCC tissues and cell lines. Then cells proliferation, migration and invasion were assessed
by MTT, wound-healing and trans-well assay respectively. The results showed that over-expression of hsa-miR-599
resulted in inhibited HCC cells proliferation, migration and invasion in vitro. In addition, dual-luciferase reporter
assay, qRT-PCR and Western blot analyzes were used to confirm MYC (v-myc avian myelocytomatosis viral onco-
gene homolog) as a target gene of hsa-miR-599. MYC expression was up-regulated in HCC tissues and cell lines,
and restoration of hsa-miR-599 could remarkably decreased the mRNA and protein levels of MYC. Moreover, over-
expression of MYC partly reversed hsa-miR-599-mediated inhibition of HCC cells proliferation, migration and inva-
sion in vitro. Taken together, our data demonstrate that hsa-miR-599 acts as a tumor suppressor and inhibits HCC
cells proliferation, migration and invasion by partly targeting oncogenic MYC, which hints that hsa-miR-599 can be

a diagnostic and therapeutic biomarker in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the third
most leading cause of cancer-associated dea-
th, and the sixth most common and aggressive
malignancies all over the world [1, 2]. Currently,
the most effective treatment approaches for
HCC are surgical resection or transplantation
[3]. Although surgical and treatment measures
have been improved over time, the 5-year
survival rate of HCC patients is still only ap-
proximately 5% and exceed 600,000 people
dying of HCC each year [4]. HCC is the result
of a complicated, multi-step progresses associ-
ated with epigenetic and genetic changes [5].
Uncontrolled tumor metastasis, frequent intra-
hepatic propagation and extrahepatic progres-
sion are the mainly causes for HCC poor prog-
nosis. Therefore, there is urgent to clarify the

molecular mechanism of HCC and explore new
therapeutic strategies.

MicroRNAs (miRNAs), a class of small non-cod-
ing RNAs of the length of 21 to 25 nucleoti-
des that are responsible for posttranscript-
ional negatively regulation by binding to com-
plementary sequences in the 3’ untranslated
region (3-UTR) of target RNAs [6, 7]. MiRNAs
has been reported to be participating in num-
ber of biological processes, such as differentia-
tion, development, morphogenesis, and onco-
genesis [8, 9]. Growing evidences have revealed
that miRNAs could play tumor suppressor or
oncogene roles in various types of human can-
cers. For instance, microRNA-205 regulates
ubiquitin specific peptidase 7 protein expres-
sion in hepatocellular carcinoma cells [10];
microRNA-365 inhibits growth, invasion and
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metastasis of malignant melanoma by target-
ing NRP1 expression [11]; miR-491 attenuates
cancer stem cells-like properties of hepatocel-
lular carcinoma by inhibition of GIT-1/NF-«kB-
mediated EMT [12]. These researches demon-
strate that miRNAs could be used as biomark-
ers for diagnosis and prognosis prediction of
tumors.

Previous studies have showed that a subset of
miRNAs were deregulated in HCC by miRNA
expression profiles [13, 14]. Recently, several
aberrantly expressed miRNAs have been dem-
onstrated to regulate HCC cells proliferation
and metastasis [15-17]. Hsa-miR-599 was a
novel miRNA, which have not been reported in
cancer. MiRNAs microarray data showed that
hsa-miR-599 was down-regulated expressed in
HCC [13, 14].

In this study, we explored the potential roles
and molecular mechanisms of hsa-miR-599
in HCC development. The results showed that
hsa-miR-599 was lowly expressed in HCC tis-
sues and cell lines, which function as a tumor-
suppressor miRNA to restrain HCC cells prolif-
eration, migration and invasion in vitro. MYC
was a potential target of hsa-miR-599 based
on bioinformatics analysis and luciferase re-
porter assay. Moreover, the negative regula-
tion of MYC by hsa-miR-599 may partly ac-
count for hsa-miR-599-mediated inhibition of
HCC cells proliferation, migration and invasion.

Materials and methods
HCC patients

Forty two paired HCC tissues and adjacent
matched normal liver tissues were collected
from Department of Gastroenterology, NanKai
Hospital, including 24 cases of males and 18
cases of females, who underwent hepatec-
tomy or partial hepatectomy between January
2009 and January 2013. Patients had not
been accepted preoperative embolization or
chemotherapy. The research was permitted
by the Institutional Review Board of The Nan-
Kai Hospital. Written informed consent was
also approved from all participant. All samples
were frozen at -80°C immediately until further
experiments.

Cell lines and cell culture

Human HCC cell lines HepG2, Bel7402, SMMC-
7721 and Huh7 as well as normal liver epitheli-
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al cell LO2 were obtained from American Type
Culture Collection (ATCC, Manassas, VA, USA).
Cells were maintained in Dulbecco’s modified
Eagle’'s medium (DMEM) containing 10% fetal
bovine serum (FBS) at 37°C and supplemented
with 5% CO, in a humidified chamber.

Real-time reverse-transcription PCR (qRT-PCR)

For miRNA analysis, total RNA was extracted
from fresh HCC samples and cell lines by us-
ing TRIzol reagent (Invitrogen, Carlsbad, CA,
SUA) according to the manufacturer’s instru-
ctions. cDNA was synthesized with 1 pg of
total RNA by using the One Step Prime script
miRNA cDNA Synthesis Kit (Qiagen, Valencia,
CA, USA). gRT-PCR assay was performed us-
ing SYBR Green Premix Ex Taq Il (Takara, Da-
lian, Japan) on Light Cycler 480 Il (Roche,
Rotkreuz, Switzerland). The U6 small nuclear
RNA were used as endogenous control. The
primers used for the amplification were as fol-
lows: hsa-miR-599: 5-TAAGCTGACATGGGACA-
GGGAT-3’ (forward), miScript SYBR Green PCR
kit Universal Primer (reverse); U6: 5'-CTCGCTT-
CGGCAGCACA-3’ (forward), 5-ACGCTTCACGA-
ATTTGCGT-3’ (reverse).

For MYC analysis, cDNA was synthesized us-
ing the PrimeScript RT Reagent Kit (Takara,
Dalian, Japan). gqRT-PCR assay was also appli-
ed with SYBR Green Premix Ex Taq Il (Takara,
Dalian, Japan) on Light Cycler 480 Il. ACTB
was used as an internal control. The primer
sequences of MYC and ACTB were as follows:
MYC (sense, 5-GGAGGAACAAGAAGATGAGGA-
AGAA-3’" and anti-sense: 5-AGGACCAGTGGG-
CTGTGAGGAG-3’); ACTB (sense: 5-GACTTAG-
TTGCGTTACACCCTTTCT-3 and anti-sense: 5-A-
CTGCTGTCACCTTCACCGTTC-3’). All reactions
were repeated in triplicate and the fold ch-
anges of genes were calculated by the 224C
method [18].

Cell transfection

Hsa-miR-599 mimics and negative control
mimics (NC), were bought in Shanghai Gene-
Pharma (Shanghai, China). The sequences of
hsa-miR-599 mimics: 5-CUGUCCACAGUGUG-
UUUGAUAAG-3’, negative control mimics: 5-C-
AGUACUUUUGUGUAGUACAA-3’. MYC over-ex-
pression plasmid (pCMV-HA-MYC) and corre-
sponding empty vector (pCMV-HA) were ob-
tained from life technology (Invitrogen, Carls-
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Figure 1. Hsa-miR-599 is down-regulated in HCC tissues and cell lines. U6 snRNA was used as a internal control. A.
Comparing differences in the expression levels of hsa-miR-599 between HCC and matched non-tumor tissues. HCC:
Hepatocellular carcinoma. B. qRT-PCR analysis detected the expression of hsa-miR-599 in a normal liver epithelial
cell and HCC cells. gRT-PCR: real-time reverse-transcription PCR. *p<0. 05; **p<0. 01.
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bad, CA, SUA). Transfection was conducted with
Lipofectamine 2000 reagent (Invitrogen, Carls-
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Figure 2. Over-expression of hsa-miR-599 in-
hibits cells proliferation in HCC. A. Transfection
of hsa-miR-599 mimics to HepG2 and Bel7402
cells increased the expression level of hsa-
miR-599 detected by qRT-PCR. B. The MTT as-
say showed significantly cells proliferation inhi-
bition in hsa-miR-599 mimics group compared
with NC group from HepG2 and Bel7402 cells.
NC: negative control. *p<0. 05; **p<0. 01.
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bad, CA, USA) according to the manufacturer’s
protocols. Total RNA and protein were extract-
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Figure 3. Over-expression of hsa-miR-599 hinders cells migration and invasion in HCC. A. The inhibitory effect of
hsa-miR-599 toward the migration of HepG2 and Bel7402 cells. B. The repressive effect of hsa-miR-599 toward the

hsa-miR-599 mimics

invasion of HepG2 and Bel7402 cells. Bar = 100 pm.

ed as previous described after 48 h transfec-
tion. Then, transfection efficiency results were
analyzed in every experiment by qRT-PCR and
Western blot after 48 h transfection.

Cell proliferation assay

The proliferation ability of HepG2 and Bel-
7402 cells was detected using the MTT
(3-(4,5-dimethyl-thiazol-2-y1) 2,5-diphenyl tet-
razolium bromide) assay. HepG2 and Bel-
7402 cells were seeded into 96-well plates
at 5x10* cells per well at 24 h prior to trans-
fection. Then, cells were washed with PBS
and incubated in 30 pl of 5mg/ml MTT re-
agent (Invitrogen, Carlsbad, CA, USA) for 3~4 h
after O, 24, 48, 72 and 96 h transfection. The
number of cells per well were measured by
the absorbance (480 nm) using the microplate
reader Thermo Plate (Bio-Rad, Hercules, CA,
USA) at the indicated time points.

Cell migration and invasion assay

Cell migration was measured using migration
scratch assay. About 8x10° cells were seeded
into 6-well plates and transfected with hsa-
miR-599 mimics or NC and pCMV-HA-MYC or
pCMV-HA after 24 h. After 6 h of transfection,
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scratches was made by using a sterile 20 ul
pipette tip. The migration distances of cells
were measured at O and 24 h after the scrat-
ches were made. Three visual fields (x200)
were randomly selected from each scratch,
and the migration distances were counted
via a light microscope (Olympus, Tokyo, Japan).

Cell invasion were assayed using transwell
assay. For the invasion assay, transwell cham-
ber (Becton-Dickinson Biosciences, MA, USA)
was coated with 30 yl Matrigel and placed
into 24-well plates and incubated for 30 min
at 37°C. After 48h of transfection, HepG2
and Bel7402 cells were seeded into cham-
bers at the density of 2x10° cells per well and
cultured with DMEM supplemented with 2%
serum. 48h later, the invaded cells were fixed
with 100% methanol for 30 min and stained
with crystal violet for 20 min. The number of
invaded cells were assessed using a light
microscope (Olympus, Tokyo, Japan). All ex-
periments were performed in triplicate.

Bioinformatics analysis of hsa-miR-599 target
gene

The mIiRNA target computer-aided algori-
thms of TargetScan (http://www.targetscan.
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org/), PicTar (http://pictar.mdcberlin.de/), and
miRanda (http://www.microrna.org) were used
to predict the binding sites between hsa-
miR-599 and MYC.

Luciferase reporter assay

The full length sequences of MYC 3’-UTR (WT)
were amplified by PCR from cDNA and cloned
at the Xhol and Notl sites into psiCHECK-2 lu-
ciferase vector (Promega, WI, USA). The pri-
mer sequences for the MYC 3’-UTR was 5'-
GGAAAAGTAAGGAAAACGATTCCTT-3’ (forward)
and 5-AAGGAATCGTTTTCCTTACTTTTCC-3’ (re-
verse). The mutant construct of MYC 3-UTR
(MUT) was synthesized by life technology
(Invitrogen, Carlsbad, CA, SUA). Co-transfection
of WT and MUT reporter vectors and hsa-
mMiR-599 mimics or NC into HepG2 and Bel7402
cells using Lipofectamine 2000. After 48 h of
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Figure 4. MYC is a direct target gene of hsa-
miR-599 in HCC cells. A. Sequence alignment
of hsa-miR-599 and MYC 3’-UTR using mi-
Randa algorithm. B. The qRT-PCR and Western
blot analyses detection of MYC expression in
HepG2 and Bel7402 cells transfected with hsa-
miR-599 mimics or NC. C. The HepG2 cell were
co-transfected with hsa-miR-599 mimics or NC
and a luciferase reporter plasmid containing a
fragment of the MYC 3’-UTR harboring either
the hsa-miR-599 binding site (WT) or the mu-
tant (MUT). **p<0. 01.

transfection, the relative luciferase activity was
assessed by the Dual-Luciferase Reporter
Assay system (Promega, WI, USA).

Western blot analysis

48 hours after transfection, HCC cells were
extracted with RIPA buffer (Sigma, USA). The
concentration of protein was quantified with
BCA Protein Assay Kit (Millipore, USA). Then,
samples were denatured at 105°C for 10~15
min and placed on ice for 5 min. Samples were
loaded on 10% of sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and
subsequently transferred to polyvinylidene
difluoride membrane (PVDF) (Millipore, MA,
USA). After that, the membranes were blocked
for 2 h at 37°C and incubated with anti-MYC
antibody overnight at 4°C. the membranes
were incubated with appropriately secondary

Am J Transl Res 2016;8(6):2575-2584
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Figure 5. MYC is up-regulated in HCC tissues and cell
lines. A. The mRNA and protein expression of MYC
in HCC tissues. N: Normal tissues; C: HCC tissues.
B. gPT-PCR and Western blot were used to detect
MYC expression in four HCC cells (HepG2, Bel7402,
SMMC7721 and Huh7) and a normal liver epithelial
cell (L-02). The data was normalized with ACTB by the
28 method. *p<0. 05; **p<0. 01.

antibody after washing with TBST buffer for
five times, and detected using commercial
ECL kit (Millipore, MA, USA) according to the
manufacturer’'s instructions. The GAPDH pro-
tein was used as negative control.

Statistical analysis

Statistical analyses were performed with SPSS
18.0 software (SPSS, Inc., Chicago, IL, USA).
Data are presented as the mean + standard
deviation (SD). Each experiment was repeated
at least three times. Statistical analyses were
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performed with Student’s t-test or one-way
ANOVA. Values of P < 0.05 were considered
to be statistically significant.

Results

Hsa-miR-599 is down-regulated in HCC tissues
and cell lines

To explore the function and molecular mecha-
nism of hsa-miR-599 in HCC development, we
first detected the expression level of hsa-
miR-599 in forty two paired HCC tissues and
adjacent matched normal liver tissues by gRT-
PCR. The results showed that hsa-miR-599 was
down-regulated in HCC tissues compared with
adjacent matched normal liver tissues (Figure
1A). Then, we assessed hsa-miR-599 expres-
sion in four human HCC cell lines (HepG2,
Bel7402, SMMC7721 and Huh7) and a normal
liver epithelial cell (LO2). gRT-PCR data revealed
that hsa-miR-599 expression was also mark-
edly decreased in HCC cell lines as compared
with LO2 (Figure 1B). These results demon-
strate hsa-miR-599 is down-regulated in HCC
tissues and cells, which hints it may be a novel
tumor suppressor in HCC.

Over-expression of hsa-miR-599 inhibits cells
proliferation in HCC

gRT-PCR analysis was conducted to measure
the expression level of hsa-miR-599 in HepG2
and Bel7402 cells after transfection with hsa-
miR-599 mimics or NC. We found that hsa-
miR-599 expression was significantly increased
in HepG2 and Bel7402 cells treated with hsa-
miR-599 mimics, as compared with NC group
(Figure 2A). The result showed hsa-miR-599
mimics could enhance hsa-miR-599 expres-
sion in HCC cells, which laid a foundation for
further experiments.

Furthermore, the MTT assay showed that the
growth rates of HepG2 and Bel7402 cells was
attenuated after transfected with hsa-miR-599
mimics than the cells treated with NC (Figure
2B). These results demonstrate that hsa-
miR-599 inhibits the proliferation potential of
HCC cells.

Over-expression of hsa-miR-599 hinders cells
migration and invasion in HCC

The roles of hsa-miR-599 in the regulation of
HCC cells migration and invasion were further

Am J Transl Res 2016;8(6):2575-2584
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Figure 6. Over-expression of MYC partly reverses HCC cells proliferation suppressed by hsa-miR-599. A. The rela-
tive MYC mRNA and protein expression level were significantly increased in pCMV-HA-MYC-transfected HepG2 and
Bel7402 cells. B. Ectopic expression MYC attenuated the repression of cells growth by hsa-miR-599. *p<0. 05;

*%p<0. 01.

explored by using migration scratch and tran-
swell assay, respectively. As shown in Figure
3A, the hsa-miR-599-overexpressed HepG2
and Bel7402 cells showed reduced migration
ability compared to the NC group, which dem-
onstrates that hsa-miR-599 has inhibitory
effect on HCC cells migration in vitro.

We further surveyed the function of hsa-
miR-599 in the regulation of cells invasion in
HCC. As shown in Figure 3B, compared to
NC group, HCC cells transfected with hsa-
miR-599 mimics significantly decreased the
number of HepG2 and Bel7402 cells invading
the chamber membrane with matrigel. Our
results indicate that hsa-miR-599 acts as a
tumor suppressor miRNA and contributes to
inhibition of migration and invasion in HCC
cells.
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MYC is a direct target gene of hsa-miR-599 in
HCC cells

Previous studies demonstrated that miRNAs
executed posttranscriptional regulation by
directly binding to the 3’-UTR of their down-
stream genes. Bioinformatics analysis was
performed in order to identify the potential tar-
geted gene of hsa-miR-599. The complemen-
tary sequences between hsa-miR-599 and
MYC 3-UTR was presented in Figure 4A. As
shown in Figure 4B, the expression levels of
MYC mRNA and protein were decreased after
treated with hsa-miR-599 mimics for 48 h
than treated with NC in HepG2 and Bel7402
cells. Moreover, to verify whether MYC is a
direct target of hsa-miR-599 in HCC, dual-lucif-
erase reporter assay was performed after co-
transfection of WT and MUT reporter vectors

Am J Transl Res 2016;8(6):2575-2584
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Figure 7. Over-expression of MYC partly reverses the effect of hsa-miR-599 on cells migration and invasion in HCC.
A. Over-expression of MYC could reverse the inhibition of HepG2 and Bel7402 cells migration by hsa-miR-599. B.
Restoration of MYC abrogated the hsa-miR-599-restrained cell invasion.

and hsa-miR-599 mimics or NC into HepG2
cell. The results showed that hsa-miR-599
markedly down-regulated the relatively lucifer-
ase activity of the WT vector, while the rela-
tively luciferase expression of MUT vector was
no significantly difference (Figure 4C). These
results suggest that the bind sites in the
MYC 3-UTR was exactly re-gulated by hsa-
miR-599 in HCC cells.

MYC is up-regulated in HCC tissues and cell
lines

The expressions levels of MYC mRNA and
protein were performed by qRT-PCR and West-
ern blot analyses, respectively. We observed
that both the mRNA and protein expression
levels of MYC were significantly enhanced in
HCC tissues, compared with adjacent match-
ed normal liver tissues (Figure 5A). Consis-
tent with our expectation, MYC in all four HCC
cells were also observably up-regulated than
L-02 cell (Figure 5B).

Over-expression of MYC partly reverses HCC
cells proliferation suppressed by hsa-miR-599

To confirm whether hsa-miR-599 could exert its
tumor suppressive role through MYC, MYC was
ectopic expressed by a MYC over-expression
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plasmid (pCMV-HA-MYC). The over-expre-
ssion effect was assessed by gRT-PCR and
Western blot analyses. As shown in Figure
6A, the mRNA and protein expression levels
of MYC were significantly increased after over-
expressed MYC gene by pCMV-HA-MYC-trans-
fected HepG2 and Bel7402 cells. Further-
more, the MTT assay showed that the over-
expression of MYC could attenuate the repres-
sion of HCC cells growth by hsa-miR-599
(Figure 6B).

Over-expression of MYC partly reverses the
effect of hsa-miR-599 on cells migration and
invasion in HCC

Using migration assay, we found the inhibition
of HepG2 and Bel7402 cells migration by hsa-
miR-599 was partly reversed by the over-
expression of MYC (Figure 7A). Also, restoration
of MYC abrogated the hsa-miR-599-restrained
cells invasion (Figure 7B). Take together, hsa-
miR-599 functions as a tumor suppressor
inhibits HCC cells proliferation, migration and
invasion by directly targeting MYC.

Discussion

HCC is especially health problems in China,
where the overall incidence of HCC is much

Am J Transl Res 2016;8(6):2575-2584
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higher than others Asian countries. HCC is a
highly malignancy and poor prognosis, which is
characterized with high potential for vascular
invasion [19]. It is essential to comprehend the
exact molecular mechanisms underlying HCC
tumorigenesis to further improve overall sur-
vival for HCC [20].

Increasing evidences have reported that miR-
NAs could regulated hepatocarcinogenesis-
related genes expression, which prompted a
new insight in the progression and develop-
ment of HCC [21]. Numerous miRNAs have
demonstrated that played crucial roles in modi-
fying HCC cells proliferation, metastasis, apop-
tosis and neoplastic transformation [22]. The
hsa-miR-599 is located at 8922.2 on human
genome. A previous miRNAs expression profiles
reports have showed that hsa-miR-599 was
don-regulated in HCC [13, 14]. As a novel
miRNA, the function and molecular mechanism
of hsa-miR-599 in HCC has not been reported.

In the present study, we analyzed the detailed
expression and function of hsa-miR-599 in HCC
development. Consistent with our speculation,
the results indicated that the expression of
hsa-miR-599 was significantly down-regulated
in HCC tissues and cell lines, compared to adja-
cent liver normal tissues and normal liver epi-
thelial cell. The subsequently experiments
showed that hsa-miR-599 significantly inhibit-
ed HCC cells proliferation and metastasis. MYC
was identified as an important target gene,
which was negative regulated by hsa-miR-599
in HCC cells. Furthermore, the dual-luciferase
reporter assays indicated that hsa-miR-599
could directly bind the complementary region
of MYC mRNA 3-UTR. Our findings suggest that
hsa-miR-599 has a tumor-suppressor role in
HCC development.

MYC is a key basic helix-loop-helix leucine zip-
per transcription factor that functions as an
crucial regulator of several cellular processes,
including growth, proliferation and migration in
different cells [23-25]. In addition, the onco-
gene of MYC is up-regulated in many types of
human tumors and plays an important role in
cell invasion, migration, autophagy and angjo-
genesis [26, 27]. Moreover, the over-expression
MYC is considered to be a new potential or
independent predictor of poor prognosis for
clinical patients in multiple types of cancers
[28]. In our study, we identified MYC as a direct-
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ly and functional target of hsa-miR-599 in HCC.
We found that MYC was up-regulated in HCC
tissues and cells, and hsa-miR-599-inhibited
cells proliferation, migration and invasion were
partly reversed by over-expression of MYC.
Taken together, these results demonstrate a
functional correlation between hsa-miR-599
and MYC, and confirm that hsa-miR-599 acts
as an anti-metastatic miRNA in HCC cells by
targeting MYC.

In conclusion, the current study provides first
directly evidences that hsa-miR-599 is signifi-
cantly lower-expressed in HCC specimens and
cells, and appears to function as a tumor sup-
pressor in HCC cells through the regulation of
MYC oncogene expression. The identification of
novel miRNA-mediated tumor-suppressor path-
ways may provide new proof on potential thera-
peutic targets in HCC treatment.
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