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Abstract. microRNAs (miRNAs) have been proven to play 
key regulatory roles in hepatocarcinogenesis. In the present 
study, the possible role of microRNA-450a (miR-450a) in 
hepatocarcinogenesis was investigated. Our study revealed that 
miR-450a was significantly down-regulated in hepatocellular 
carcinoma (HCC) tissues compared with that in normal liver 
(NL) and para-tumorous (PT) tissues, and miR-450a expres-
sion in HepG2 cells was significantly lower than that in L02 
cells. Both the mRNA and protein levels of the miR-450a 
potential target gene, DNA methyltransferase 3a (DNMT3a), 
were obviously higher in HCC compared with levels in the NL 
and PT tissues. We further identified DNMT3a as the direct 
target gene for miR-450a, and ectopic miR-450a expression in 
HepG2 cells caused the down-regulation of DNMT3a and an 
inhibition of cell proliferation. Taken together, these findings 
suggest that miR-450a plays an important regulatory role in 
hepatocarcinogenesis through inhibition of DNMT3a expres-
sion, and miR-450a may be a potential target for the treatment 
of HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors worldwide, especially in East Asia, including 
China. However, the pathogenesis of hepatocarcinogenesis is 
far from clear. microRNAs (miRNAs) are a type of highly 
conserved non-coding small RNAs which regulate gene 

expression at the post-transcriptional level. It is now clear 
that miRNAs can potentially regulate every aspect of cellular 
activity, including differentiation and development, metabo-
lism, proliferation, and apoptotic and viral infection. Recently, 
miRNAs have been found to play pivotal roles in many 
malignancies including HCC development (1-9). The presence 
of a molecular prognostic miRNA signature in primary HCC 
clinical specimens has also been confirmed by several recent 
studies (4,6,7,10-12), and many miRNAs have been found to 
play important regulatory roles in hepatocarcinogenesis.

Our previous study found that miRNA-602 has an impor-
tant regulatory activity in HBV-mediated hepatocarcinogenesis 
by inhibiting the tumor-suppressive gene RASSF1A from very 
early stages of chronic HBV hepatitis to HBV-positive cirrhosis 
to HCC (13). In this study, the expression of miRNA-450a and 
its potential target, DNA methyltransferase 3a (DNMT3a), 
was investigated in HCC.

Materials and methods

Patients and cell lines. Histologically normal liver samples 
were obtained by biopsy during surgery from eight patients 
with gallbladder stones. Thirty-four HCC and corresponding 
non-malignant para-tumorous specimens were collected by 
radical hepatectomy. All tissues were obtained with informed 
consent from the patients, and were verified by biochemistry 
and pathological examination. The study was approved by 
the Institutional Review Board of Tongji Medical College, 
Huazhong University of Science and Technology (China). The 
cell lines, HepG2 and L02, were cultured in RMPI-1640 with 
10% fetal bovine serum.

microRNA arrays. miR-450a from 8 normal livers, 34 HCC, and 
corresponding non-tumorous tissues was analyzed. microRNA 
arrays were performed as described previously (13). Briefly, 
100 ng RNA of each specimen was extracted using TRIzol 
(Invitrogen) and an RNeasy Mini kit (Qiagen) according to the 
manufacturer's instructions. The samples were hybridized on a 
hybridization station. Scanning was performed with an Axon 
GenePix 4000B microarray scanner.

Quantitative real-time PCR. Total-RNA was extracted from the 
tissues and cell lines by TRIzol reagent (Invitrogen), according 
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to the manufacturer's instructions. For miRNA qPCR, reverse 
transcription was performed using the QuantiMir RT kit 
(System Biosciences). Primers for miR-450a were forward, 
5'-TTTTGCGATGTGTTCC-3' and reverse, 5'-GTGCAG 
GGTCCGAGGT-3'; and for control U6 forward, 5'-CTCGCT 
TCGGCAGCACA-3' and reverse, 5'-AACGCTTCACGAATT 
TGCGT-3'. Primers for DNMT3a were forward, 5'-CAATGA 
CCTCTCCATCGTCAAC-3' and reverse, 5'-CATGCAGGA 
GGCGGTAGAA-3'; and for β-actin forward, 5'-GAACGG 
TGAAGGTGACAG-3' and reverse, 5'-TAGAGAGAAGTG 
GGGTGG-3'.

The amplification of miR-450a was performed as follows: 
denaturation at 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 10 sec, 60˚C for 20 sec, and 72˚C for 10 sec. Amplification 
of DNMT3a was performed as follows: denaturation at 95˚C 
for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C 
for 1 min. U6 RNA was used as an miRNA internal control, 
and β-actin was used to normalize the amount of total-mRNA 
in each sample. All values were calculated as ratios normal-
ized to U6 or β-actin.

Transfection of miR-450a mimics into HepG2 cells. 
Synthesized miR-450a mimics were purchased from 
Dharmacon (Lafayette, CA). HepG2 cells were cultured in 
RPMI-1640 plus 10% fetal bovine serum. After reaching 30 to 
50% confluency, the cells were transfected with 60 nM of the 
miR-450a mimics or an miRNA mimic control. Cell proteins 
were harvested and measured 72 h after transfection.

Western blot analyses. Western blotting was performed as 
described previously (13). Briefly, cell lysates were electro-
phoresed on 10 to 20% polyacrylamide gels (Bio-Rad) and 
transferred to Immobilon-PSQ membranes (Millipore, MA). 
The membranes were blocked with TBS containing 5% skim 
milk and 0.1% Tween-20, and then incubated with a primary 
antibody. Anti-DNMT3a and anti-GAPDH antibodies (CST 
for DNMT3a and ProMab for GAPDH) were used according 
to the manufacturer's instructions. GAPDH was used as 
an internal control, and all values were calculated as ratios 
normalized to GAPDH.

Luciferase activity assay. The 3'UTR of DNMT3a containing 
an intact miR-450a recognition sequence was ampli-
fied by PCR and inserted into a pGL3 vector (Promega) 
immediately downstream of the luciferase gene. A pGL3 
construct containing DNMT3a 3'UTR with point muta-
tions in seed sequence was synthesized using a site-directed 
mutagenesis kit (Stratagene, USA) according to the manu-
facturer's instructions. The primer for DNMT3a was forward, 
5'-GCTCTAGACGAAAAGGGTTGGACATCAT-3' and 
reverse, 5'-GCTCTAGAGCCGAGGGAGTCTCCTTTTA-3'.

Cells (2x105) were co-transfected with 500  ng of the 
pGL3-DNMT3a-WT or pGL3-DNMT3a-MUT constructs 
with miR-450a mimics or a negative control. Each sample 
was co-transfected with 50 ng of pRL-TK plasmid expressing 
Renilla luciferase to monitor the transfection efficiency 
(Promega). A luciferase activity assay was performed 48 h 
after transfection with the dual luciferase reporter assay 
system (Promega). The relative luciferase activity was normal-
ized with Renilla luciferase activity.

Cell apoptosis and proliferation assays. Apoptosis was 
detected by Annexin V-FITC/PI (KeyGen, China) double-
staining. Briefly, 72 h after transfection, cells (2x106/ml) were 
harvested and stained with anti-Annexin V conjugated with 
FITC and propidium iodide (PI) for 15 min, and then detec-
tion was carried out using FACScan. Data were analyzed using 
CellQuest software.

Cell proliferation was measured using the Cell Counting 
Kit-8 (CCK-8) (Beyotime, China). Cells at 0, 10, 20, 30, 40, 50, 
60 and 70 h after transfection were treated with 10 µl CCK-8 per 
well according to the manufacturer's instructions. The absor-
bance in each well was measured at 450 nm by a microplate 
reader.

Statistics. All experiments were repeated 3 times, and data 
were recorded as mean ± SD and analyzed using the Student's 
t-test and one-way ANOVA by SPSS 13.0 software. P<0.05 
was considered to be significantly significant.

Results

Down-regulation of miR-450a is validated in HCC tissues and 
cell lines. To validate miR-450a expression in the HCC tissues, 
miR-450a levels were quantified using real-time PCR. Our 
results showed that the expression of miR-450a was signifi-
cantly down-regulated in the HCC tissues compared with that 
in the normal liver (NL) and para-tumorous (PT) tissues. 
In NL, PT and HCC tissues, the levels were 0.710±0.245, 
0.271±0.175, 0.168±0.114, respectively (P<0.05 for NL vs. PT 
and NL vs. HCC) (Fig. 1A). miR-450a levels were not signifi-
cantly different between the PT and HCC groups (P>0.05, 

Figure 1. miR-450a expression in HCC tissues and hepatoma cell lines. 
(A) The relative expression of miR-450a in the normal liver (NL) and cor-
responding non-cancerous para-tumorous (PT) tissue, and hepatocellular 
carcinoma (HCC) from 34 HBV-positive HCC patients using real-time PCR. 
(B) The relative expression of miR-450a in the L02 and HepG2 cell lines was 
also detected using real-time PCR.

  A

  B
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Fig. 1A). The levels of miR-450a in the L02 and HepG2 cells 
were also evaluated using real-time PCR. The miR-450a level 
was significantly lower in the HepG2 than that in the L02 cells. 
In the L02 and HepG2 cells, the levels were 0.740±0.251 and 
0.358±0.112, respectively (P<0.01, Fig. 1B), which indicated 
that miR-450a levels may be associated with hepatocellular 
carcinogenesis.

In silico prediction of an miR-450a target. Bioinformatics 
analysis suggested that the key enzyme in DNA methylation, 
DNMT3a, was one of the potential targets of miR-450a. (http://

www.ebi.ac.uk/enright-srv/microcosm/cgi-bin/targets/v5/hit_list.
pl?genome_id=&mirna_id=hsa-mir-450a&external_name= 
DNMT3a&gene_id=&go_class=function&go_term=& logic= 
phrase&terms=). The predicted binding of miR-450a with 
DNMT3a 3'UTR is illustrated below:

Expression of the potential miR-450a target gene DNMT3a 
is higher in HCC compared with normal liver. Expression of 
the miR-450a potential target gene DNMT3a in various liver 
tissues was investigated. The DNMT3a mRNA level in HCC 
(0.950±0.053) was significantly higher than levels in the NL 
(0.068±0.017) or PT (0.186±0.082) tissues (P<0.05 for HCC vs. 
NL and HCC vs. PT) (Fig. 2A). The DNMT3a protein level in 
HCC (0.522±0.014) was significantly higher than levels in the 
NL (0.214±0.097) and PT (0.400±0.018) tissues (P<0.05 for 
HCC vs. NL and HCC vs. PT) (Fig. 2B).

DNMT3a is the direct target of miR-450a. To validate the 
miRNA-target interactions, the DNMT3a complementary 
sites, with or without mutations, were cloned into the 3'UTR 
of the firefly luciferase gene and co-transfected with miR-450a 
mimics or a negative control in HepG2 cells. The relative lucif-
erase activity of the wild-type (WT) construct of DNMT3a 

Figure 3. Ectopic miR-450a expression inhibits wild-type (WT) but not 
mutant (MUT) DNMT3a 3'UTR reporter activity in HepG2 cells. Cells were 
co-transfected with miR-450a mimics and with either WT or MUT DNMT3a 
3'UTR reporter construct. Luciferase activity assay was performed at 48 h 
after transfection (Mann-Whitney test, P<0.05).

Figure 2. Expression of the miR-450a target gene, DNA methyltransferase 3a 
(DNMT3a), in various types of liver tissues assayed using real-time PCR and 
Western blot analysis. (A) mRNA levels of DNMT3a in normal liver (NL), 
corresponding non-cancerous para-tumorous (PT) tissue and hepatocellular 
carcinoma (HCC). (B) Protein levels of DNMT3a in NL, PT and HCC.

Figure 4. Effects of ectopic miR-450a on DNMT3a expression and hepatoma 
cell proliferation. (A) miR-450a mimics were transfected into HepG2 cells, 
and DNMT3a protein levels were measured by Western blot analysis. (B) 
Cell proliferation was measured by the Cell Counting Kit-8 (CCK-8). Cells 
at 0, 10, 20, 30, 40, 50, 60 and 70 h after transfection were treated with 10 µl 
CCK-8 per well according to the manufacturer's instructions. The absorbance 
in each well was measured at 450 nm by a microplate reader.
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3'UTR in HepG2 cells was significantly reduced in the pres-
ence of miR-450a whereas such a suppressive effect was not 
observed in the cells with the mutant (MUT) construct of 
DNMT3a 3'UTR (Fig. 3).

Ectopic miR-450a expression down-regulates DNMT3a and 
inhibits HepG2 cell proliferation. miRNA-450a mimics were 
transfected into HepG2 cells, and protein levels of the target 
gene, DNMT3a, were measured. DNMT3a protein level was 
much lower in the mimic group than those in the blank control 
or mock group. Levels in the blank control, mimic and mock 
groups were 0.347±0.053, 0.114±0.011 and 0.335±0.033, 
respectively (P<0.05 for mimic vs. blank control and mock) 
(Fig. 4A).

In order to clarify whether miR-450a deregulation plays a 
role in hepatocarcinogenesis, the proliferation and apoptosis 
rates of HepG2 cells were measured after miR-450a exposure. 
An MTT assay indicated that at 20, 30 and 40 h after miR-450a 
mimic exposure, the proliferation rate of HepG2 was inhibited 
to 52, 42 and 46.3% of the control, respectively (Fig. 4B). The 
differences between the intervention and control groups at 20, 
30, and 40 h were significant (P<0.05 for all points) (Fig. 4B), 
while the difference between the blank and control groups was 
not significant (P>0.05; Fig. 4B).

The apoptosis rate of HepG2 72 h after transfection with the 
miR-450a mimics was not significantly different from that of 
the HepG2 cells without miR-450a exposure (data not shown).

Discussion

Maintenance of genomic stability is regulated by both genetic 
and epigenetic mechanisms. It is well known that promoter 
hypermethylation mediated by DNA methyltransferases 
(DNMTs) is the main reason for epigenetic inactivation of 
tumor-suppressor genes (TSGs). Increasing evidence has 
revealed that viral genes are important in regulating DNA 
methylation (14). The epigenetic mechanisms involved in virus-
associated cancers are poorly understood. Hypermethylation 
is responsible for the silencing of TSGs involved in hepatocar-
cinogenesis. Several recent studies have suggested that HBx is 
involved in epigenetic regulation during hepatocarcinogenesis 
(15,16). Previous studies support a role for miRNAs as both 
targets and effectors in aberrant mechanisms of DNA hyper-
methylation (17,18). miRNAs are non-coding RNAs, 19-25 
nucleotides in length, that regulate gene expression by inducing 
translational inhibition or cleavage of their target mRNAs 
through base pairing at partially or fully complementary sites 
(19). Research groups have shown that miRNAs are altered 
in human malignancies and can function as tumor-suppressor 
genes or oncogenes through regulation of expression of their 
target genes (19). Several studies have shown that specific 
miRNAs are aberrantly expressed in malignant HCC cells 
or tissues compared to non-malignant hepatocytes or tissue 
(4,11,20-23).

In hepatocarcinogenesis proceeding from normal liver to 
chronic hepatitis/cirrhosis to HCC, increased expression of 
DNMT mRNA is correlated with a progressive increase in the 
number of methylated genes (24). Presently three catalytically 
active DNMTs, namely DNMT1, DNMT3a and DNMT3b, 
have been identified. Emerging evidence has revealed that 

levels of DNMT1, DNMT3a and DNMT3b mRNA are report-
edly increased in various malignancies, including colorectal, 
liver, and gastric cancers (25,26). DNMTs and demethyltrans-
ferase were found to cooperate with each other, leading to 
genetic instability that eventually promotes cancer progres-
sion (27). Recently, one study demonstrated that a high level 
of DNMT3a protein was significantly associated with a lower 
overall survival in lung cancer (18). It has been demonstrated 
that DNMT3a mediates tumor promotion through its interac-
tion with p53 and the resultant suppression of p53-mediated 
transcription of tumor-suppressor genes (28).

In the present study, we characterized the role of miR-
450a in the regulation of DNA methylation in HCC for the 
first time. The results revealed that miR-450a expression 
was down-regulated to a greater extent in HCC tissues than 
in corresponding non-cancerous liver tissues, and miR-450a 
expression in HepG2 cells was significantly lower than that in 
L02 cells. Additionally our findings indicate that there is a vital 
link between miR-450a and DNMT3a. First, bioinformatics 
analysis suggests that the key enzyme in DNA methylation, 
DNMT3a, is one of the potential targets of miR-450a. Second, 
our findings indicate that miR-450a expression is inversely 
correlated with DNMT3a expression in HCC. Down-regulation 
of miR-450a resulted in an up-regulation of DNMT3a. More 
importantly, we also provide evidence from the luciferase 
activity assay that DNMT3a is a direct target of miR-450a. 
Taken together, our findings confirm that miR-450a regulates 
DNMT3a expression and may have a tumor-suppressive role in 
HCC development.

We also provide insights concerning the biological func-
tion of miR-450a in HepG2 cells. DNMT3a protein expression 
was decreased significantly more by restoring miR-450a 
expression in HepG2 cells transfected with the miR-450a 
mimics than in the control group. The CCK-8 assay and 
flow cytometric analysis were also performed in the HepG2 
cells. Ectopic miR-450a expression in HepG2 cells caused 
an inhibition of cell proliferation. These results indicate that 
the enhanced expression of miR-450a by gene transfer may 
reverse the malignant phenotypes of HCC cell lines by inhib-
iting DNMT3a expression.

As the number of samples used for investigating miR-450a 
down-regulation and the correlation between DNMT3a and 
miR-450a expression was small, further validation in large 
cohorts and in independent studies are necessary. Additional 
studies are needed to investigate the regulatory mechanism 
of miR-450a expression in order to better understand the 
mechanism by which miR-450a is down-regulated in HCC. 
In conclusion, the results from the current study suggest that 
miR-450a plays an important regulatory role in hepatocar-
cinogenesis through inhibition of DNMT3a expression, and 
miR-450a may be a potential target for the treatment of HCC.
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