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Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors worldwide. Chronic HBV hepatitis and 
HBV-positive liver cirrhosis are the most important causes and 
risk factors of HCC in East Asia and Africa. Understanding the 
pathogenesis of HBV-associated HCC is important in finding 
diagnostic markers and developing effective means of preven-
tion and treatment of this highly malignant form of cancer.1 
MicroRNAs (miRNAs), a non-coding RNA family have been 
found to play pivotal roles in many pathophysiological processes 
including HCC development.2-10 The presence of a molecular 
prognostic microRNA signature in primary HCC clinical speci-
mens has also been confirmed by several recent studies.5,7,8,11-13 
Finding characteristic microRNA expression during the trans-
formation from chronic hepatitis to HCC is very important 
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in understanding the process of hepatocarcinogenesis and 
in developing potential diagnostic markers and treatment 
for this malignancy. In this article, microRNA expression in 
chronic HBV hepatitis (CH), HBV-positive cirrhotic liver (CL) 
and HBV-positive HCC were investigated. It was found that 
microRNA-602 was overexpressed and expression of its tar-
get tumor suppressive gene RASSF1A was decreased in CH, 
CL and HCC compared with normal liver (NL). Inhibiting 
microRNA-602 expression in hepatoma cell lines increased  
target gene RASSF1A expression, promoted hepatoma cell apop-
tosis and inhibited cell proliferation. Our results suggest that 
microRNA-602 is involved at an early stage of HBV-mediated 
hepatocarcinogenesis and may be a potential early marker for 
that condition.

Aims: It is important to understand the role of microRNA in the transformation from chronic HBV hepatitis to hepatocellular 
carcinoma in hepatocarcinogenesis. Relationship of microRNA-602 with chronic HBV hepatitis, liver cirrhosis and HCC 
was investigated in this article.

Results: (1) 14 MicroRNAs were aberrantly expressed in HCC and CL compared with NL. Among these, microRNA-602 
expression in CH, LC, NT and HCC was 2.939, 3.234, 2.439 and 4.134 times of that in NL respectively, which was signifi-
cantly different (p < 0.01 for all vs. NL); RASSF1A expression in LC and HCC was lower than that in NL, while P73 protein 
expression in CL was higher than that in NL and HCC. (2) MicroRNA-602 expression in HepG2 2.2.15 and HepG2-HBX 
was 2.643 and 3.48 times of that in HepG2 (p < 0.05 for both). (3) MicroRNA-602 inhibition in HepG2 cells was associated 
with RASSF1A mRNA and protein expression increased to 4.37, 3.01 times respectively of those not, with cell apoptosis 
increased and cell proliferation rate decreased significantly, changes were similar in HepG2-HBX cells.

Methods: (1) MicroRNA expression was investigated in normal (NL), chronic HBV hepatitis (CH), HBV-positive cirrhotic 
(CL), HBV-positive HCC and corresponding normal para-tumorous livers (NT) and hepatoma cells was evaluated with 
microRNA microarray and verified by real-time PCR, and microRNA-602 was selected for further study. Expression of 
miR602-target genes RASSF1A and P73 were detected with RT-PCR and western blot. (2) MicroRNA-602 expression in 
HepG2 and HepG2-HBX was inhibited by miR-602 inhibitor transfection; RASSF1A and P73 expression was detected and 
cell apoptosis and proliferation were detected.

Conclusions: MicroRNA-602 plays a procarcinogenic role in HBV-related hepatocarcinogenesis by inhibiting  
RASSF1A. MicroRNA-602 might be an early diagnostic marker for HBV-mediated HCC.
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mir-602 inhibition (5.35 ± 0.35%, p < 0.01). Apoptosis of 
HepG2-HBX after mir-602 inhibitor transfection was 22.57 ± 
1.86 increased significantly compared to before, 4.42 ± 0.28%,  
p < 0.05. MTT assay indicated that at 48, 72 and 96 h after 
mir-602 exposure, the proliferation rate of HepG2 was inhib-
ited to 48.83, 58.57 and 44.57% of control, respectively. The 
differences between the inhibition and control groups at 48, 
72 and 96 h were significant, p < 0.05 for all points, while dif-
ference between mock and control group was not significant 
(p > 0.05). The changes in proliferation rate of HepG2-HBX 

not group in hepatoma cells, which indicated that P73 was not 
regulated by microRNA-602 (data not shown).

Cell apoptosis increased and cell proliferation decreased in 
HepG2 and HepG2-HBX after mir-602 inhibition. In order 
to clarify whether mir-602 deregulation plays role in hepa-
tocarcinogenesis, apoptosis and proliferation rates of HepG2 
and HepG2-HBX cells were measured after mir-602 expo-
sure. As determined by FACS, the apoptosis rate of HepG2 
at 72 h after mir-602 inhibition was 28.35 ± 1.93%, which 
was significantly higher than apoptosis rate of HepG2 without 

Figure 1. MicroRNA-602 target genes RASSF1A and P73 expression in different livers. mRNA and protein expression of microRNA-602 target genes 
RASSF1A and P73 in different livers assayed by RT-PCR and western blot. (A) mRNA levels of RASSF1A in NL, CL and HCC; (B) protein expression of 
RASSF1A in NL, CL and HCC; (C) mRNA levels of P73 in NL, CL and HCC; (D) Protein levels of P73 in NL, CL and HCC.

Figure 2. RASSF1A expression in hepatoma cells were regulated by microRNA-602. Change of RASSF1A mRNA and protein expression in HepG2 and 
HepG2-HBX before and after mir-602 inhibitor transfection were measured by RT-PCR and western blot, respectively. (A) RASSF1A mRNA after mir-602 
inhibition. (B) RASSF1A protein after mir-602 inhibitor transfection. A: HepG2 control; B: mir-602 inhibitor transfection in HepG2; C: mock transfection 
in HepG2; D: HepG2-HBX control; E: mir-602 inhibitor transfection in HepG2-HBX; F: mock transfection in HepG2-HBX.
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expression were detected in NL, LC and HCC by RT-PCR and 
western blot. As shown in Figure 1A, mean RASSF1A mRNA 
levels in NL, CL and HCC were 1.047 ± 0.100, 0.454 ± 0.083, 
0.331 ± 0.069, respectively (p < 0.01 for CL or HCC compared 
to NL respectively). The mean RASSF1A protein levels in NL, 
CL, HCC were 0.878 ± 0.097, 0.395 ± 0.073, 0.229 ± 0.064 
respectively (p < 0.01 for CL or HCC compared to NL respec-
tively; Fig. 1B). The mean P73 mRNA levels in NL, CL, HCC 
were 1.232 ± 0.341, 0.267 ± 0.058, 0.311 ± 0.049 (p < 0.01 for CL 
or HCC compared to NL respectively; Fig. 1C). However, P73 
protein expression in HCC was similar to NL, while significantly 
lower than in CL (NL: CL: HCC 0.063 ± 0.045: 0.098 ± 0.033: 
0.045 ± 0.016, Fig. 1D). The difference in RASSF1A mRNA 
or protein levels between CL and HCC group were not signifi-
cant, which was similar to the difference of P73 mRNA levels 
between CL and HCC group (p > 0.05, respectively). The expres-
sion of RASSF1A in these livers was consistent with changes in 
microRNA-602 levels since overexpressed microRNA-602 in 
cirrhotic and HCC livers inhibited RASSF1A. However, P73 
protein levels in these tissues were not consistent with that of 
miRNA-602.

MicroRNA-602 was overexpressed in HBV-related hepa-
toma cell. To determine if microRNA-602 expression was 
different in hepatoma cell lines with different forms of HBV 
expression, microRNA-602 expression in HBV-negative 
HepG2, HBV-secreting HepG2 2.2.15 and HBX-transfected 
HepG2-HBX cells was also evaluated with real-time PCR. 
As the results showed, microRNA-602 expression was  
significantly higher in HepG2 2.2.15 and HepG2-HBX than 
in HepG2 with ratio of 2.67: 3.48: 1.00 respectively (p < 0.01 
for HepG2 2.2.15 and HepG2-HBX compared to HepG2 
respectively), which indicated that microRNA-602 expression 
levels may be associated with the presence of HBV. The mRNA 
and protein expression of RASSF1A in HepG2, HepG2-HBX 
and HepG2 2.2.15 was 0.121 ± 0.014, 0.104 ± 0.023, 0.097  
± 0.015 and 0.106 ± 0.033, 0.078 ± 0.019, 0.085 ± 0.017 respec-
tively (p < 0.05 for HepG2-HBX vs. HepG2 or HepG2 2.2.15  
vs. HepG2).

Inhibition of mir-602 expression in hepatoma cells increases 
its target gene RASSF1A but not P73 expression. To verify that 
mir-602 has a carcinogenic role in HCC development through 
RASSF1A, mir-602 expression was exposed to mir-602 inhibi-
tor in HepG2 and HepG2-HBX cells and RASSF1A expres-
sion was measured. As the results showed, RASSF1A mRNA 
expression in HepG2 was much higher with mir-602 inhibitor 
exposure than without (Fig. 2A). RASSF1A level in HepG2 
with exposure was 0.529 ± 0.032, and was 0.121 ± 0.014 in 
HepG2 without. Similarly, RASSF1A protein levels increased 
after microRNA-602 inhibition in HepG2, RASSF1A levels 
were 0.289 ± 0.054 in exposure group, and 0.106 ± 0.033 in the 
group without exposure (p < 0.05, for exposure group vs. without  
exposure group, Fig. 2B). Changes of RASSF1A HepG2-HBX 
and HepG2 2.2.15 after mir-602 inhibition were similar to 
those in HepG2. However, mRNA or protein expression of P73, 
another predicted target gene of microRNA-602, was not dif-
ferent among microRNA-602 inhibitor transfection group and 

Results

MicroRNA-602 is overexpressed in chronic HBV hepati-
tis, cirrhotic, HCC and paratumoral tissue compared to  
normal liver. MicroRNA expression profiles in NL, CH, CL, 
NT and HCC were detected by microRNA microarray. Fold-
differences >2 between two groups were considered significant. 
As shown in Table 1, mean value of 6 microRNAs were higher 
in CH, CL, NT and HCC groups compared to NL, including 
microRNA-602, 135a, 210, 671-5p, 30b* and 222. Mean value 
of 8 microRNAs were lower in CH, CL, HCC, NT compared 
to NL, including microRNA-143, 199a-5p, 195, 27a, 99a, 519e, 
130a and 597 (Table 1). Among these, microRNA-602 was 
selected for further study since it was predicted to target and 
inhibit two classical tumor suppressive genes RASSF1A and 
P73. The mean value of MicroRNA-602 expression in CH, CL, 
NT and HCC was 2.939, 3.234, 2.439 and 4.134 times of that 
in NL (p < 0.01 for all), while it was not different among CH, 
CL, NT and HCC groups. MicroRNA-602 expression was  
further evaluated by real-time PCR, which verified the expres-
sion difference of microRNA-602 in NL, CL and HCC (NL: 
LC: HCC 0.37 ± 0.14: 1.00 ± 0.36: 1.29 ± 0.27, p < 0.01 for 
all), while it was not statistically different between CH and 
HCC group.

Expression of mir-602 target genes RASSF1A was lower in 
HBV-exposed liver compared to normal liver. Tumor suppres-
sive gene RASSF1A and P73 are considered to be mir-602 targets. 
Their aberrant expression and loss of tumor suppressive func-
tion have been shown to be involved in carcinogenesis including 
hepatocarcinogenesis.30,41 RASSF1A and P73 mRNA and protein 

Table 1. Aberrant microRNA expression in NL, CH, CL, NT and HCC 
tissues tested with microarray

MicroRNA Microarray

CH/NL CL/NL NT/NL
HCC/

NL

Overexpressed 
microRNAs

miR-602 2.939 3.234 2.439 4.134

miR-135a 2.182 2.822 2.342 3.577

miR-210 4.331 5.159 2.194 4.274

miR-671-5p 2.985 4.315 2.232 4.249

miR-30b* 4.013 3.571 2.784 4.005

miR-222 2.669 4.073 2.188 3.472

Under-
expressed 
microRNAs

miR-143 0.189 0.273 0.401 0.173

miR-199a-5p 0.332 0.404 0.439 0.195

miR-195 0.257 0.326 0.379 0.308

miR-27a 0.271 0.456 0.401 0.318

miR-99a 0.312 0.468 0.397 0.364

miR-519e 0.348 0.377 0.434 0.374

miR-130a 0.524 0.496 0.433 0.365

miR-597 0.395 0.483 0.491 0.424

MicroRNA expression in normal liver, chronic hepatitis, cirrhotic, HCC 
and corresponding nontumoral livers were evaluated with microRNA 
microarray. 14 microRNAs were aberrantly expressed in CH, CL, HCC 
and NT.
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has been debate about HBX expression in HepG2 2.2.15 cells. 
In this regard, HepG2-HBX stably transfected with HBX were 
further evaluated for effects of HBX on microRNA-602 expres-
sion in the current work. Differences in microRNA-602 levels in 
these cells suggest mir-602 overexpression is related with HBX 
transfection.

Bioinformatics analysis suggests that mir-602 targets and 
inhibits two tumor suppressive genes: Ras-associated domain 
family member 1A (RASSF1A) and P73. Our results confirmed 
that RASSF1A is target gene of microRNA-602. RASSF1A 
affects several cellular functions such as cell migration, prolif-
eration and apoptosis, induces cell cycle arrest and senescence, 
promotes microstability and senescence in human cancer cells 
including HCC.30,31,35,36 RASSF1A loss is an early event in HCC 
pathogenesis and can be found in premalignant liver tissues and 
blood 1–9 y before clinical HCC diagnosis.37,38 The current 
results found early RASSF1A gene loss in hepatocarcinogenesis is  
consistent with the early aberrant microRNA-602 expres-
sion, which also confirms the important regulatory role of 
microRNA-602 in early stages of HBV-positive HCC develop-
ment. This result also suggests that microRNA can target and 
inhibit RASSF1A transcription and/or translation, which coordi-
nates with promoter hypermethylation38,39 to inhibit tumor sup-
pressive activity of RASSF1A and promotes hepatocarcinogenesis 
at a very early stage. Since mir-602 inhibition increased RASS1A 
mRNA and protein levels by 4.37- and 4.35-fold respectively, 
microRNA targeting may play more important role in RASSF1A 
inhibition during HBV-mediated hepatocarcinogenesis. P73 
is a P53 superfamily member and shares substantial homology 
with p53, showing many of the p53-like properties.40 Not simi-
lar to RASSF1A, P73 protein levels in HCC was not different 
from that in NL, while much lower than in CL, which does not  
support P73 is a target gene of mir-602.

In conclusion, the results in this article suggest that 
microRNA-602 plays an important regulatory role in HBV-
mediated hepatocarcinogenesis by inhibiting the tumor  
suppressive function of RASSF1A, from very early stage of 
chronic HBV hepatitis and HBV-positive cirrhosis through 
HCC. MicroRNA-602 may be a potential diagnostic marker for 
HCC at very early premalignant stages of chronic HBV hepati-
tis and cirrhosis, and may serve as a therapeutic and preventive  
target for HBV-positive HCC.

Material and Methods

Samples of 15 chronic HBV hepatitis livers and 6 HBV-positive 
cirrhotic livers were collected by fine-needle biopsy. Liver  
samples of eight normal individuals (three patients with gallblad-
der stones, two with liver trauma and two with idiopathic throm-
bocytopenic purura) were obtained by biopsy during surgery. 
21 HBV-positive HCC and corresponding non-malignant para-
tumorous specimens were collected by radical hepatectomy. All 
tissues were obtained with informed consent from the patients 
and verified by biochemistry and pathological examination. The 
study was approved by the Institutional Review Board. HepG2-
HBX cells stably expressing HBX, HBV-negative HepG2 and 

after mir-602 inhibition was similar to that of HepG2 (data 
not shown).

Discussion

MicroRNAs negatively regulate its target gene expression either  
by translational inhibition or by mRNA degradation.14-17 
Aberrantly expressed microRNAs have been proven to modulate 
key cellular processes involved in carcinogenesis,2-4,18 and to be 
related with metastasis, survival, differentiation, recurrence or 
chemotherapy response in malignancy.5-8,10-13,19-21 Interestingly, 
altered expression of some miRNAs has been shown to be 
associated with distinctive risk factors such as hepatitis B viral 
hepatitis and alcohol use.11-13,20 Studies have indicated that 
microRNA profile can be used for defining clinical phenotypes, 
as well as for molecular diagnostic markers for cancers including 
HCC.4,7,11,13,18,22 However, the relationship between microRNA 
deregulation and the sequential hepatocarcinogenic transforma-
tion from chronic HBV hepatitis, liver cirrhosis to HCC is not 
yet clear. Among the aberrant expressed microNRAs in HCC 
and HBV-infected livers, the overexpressed microRNA-602 was 
selected for further study for it may target and inhibit two clas-
sical tumor suppressive genes (TSG) RASSF1A and P73.23 The 
current results that mir-602 expression was significantly higher 
in chronic HBV hepatitis liver, CL and HBV-positive HCC 
than in normal liver, with lower expression of its target genes 
RASSF1A suggests that mir-602 is involved in HBV-positive 
hepatocarcinogenesis; Mir-602 may be involved at early stage of 
hepatocarcinogenesis since mir-602 is overexpressed through the 
hepatocarcinogenesis from chronic HBV infection, liver cirrhosis 
to HCC. The procarcinogenic role of mir-602 in HCC was also 
verified by the cell lines results in this article.

Although cell or animal models mimicking natural HBV 
infection are lacking, different expression of mir-602 in HepG2, 
HepG2-HBX and HepG2 2.2.15 in this article suggests that 
microRNA-602 expression is regulated by chronic HBV infec-
tion. However, the way in which HBV regulates mir-602 
expression is not clear. DNA methylation, HBV chromosome 
integration and metabolism in addition to genome copy change 
have been suggested to regulate microRNA expressions.24-29 Since 
microRNA-602 was found to be overexpressed in HBV-positive 
livers, DNA methylation which suppresses microRNA expres-
sion is not a likely means of HBV regulation of microRNA-602 
expression. Specific unstable areas of the genome (fragile sites) 
in HCC undergoing either deletion or increased gene dosage 
have been shown to be related to HBV integration and HCC 
prognosis.30-34 MicroRNAs are often located at fragile genomic 
sites in cancers and exhibit high frequency genomic alteration 
in cancers.24,28 This indicates that HBV insertion at fragile sites 
may result in microRNA aberrant expression. The fact that 
microRNA-602 is located in chromosome 9q34.3, a common 
HBV integration site or cancer related gene region (CAGR)32-34 

suggests that HBV insertion at this site may upregulate  
mir-602 expression, although further investigation is needed to 
prove this hypothesis. HBX is regarded as one major molecules 
involved in HBV-related hepatocarcinogenesis. However, there 
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GAA ATC GTG CGT GAC-3', R: 5'-ACC CAG GAA GGA 
AGG CT-3'. The expected products were 357 bp, 451 bp and 
198 bp, respectively. cDNA was synthesized with Revert AidTM 
First Strand cDNA Synthesis Kit (Fermentas, CA). PCR was 
conducted with following condition: 94°C x 30 s, 53°C x 45 s, 
2°C x 45 s for 35 cycles, and 72°C x 5 min. PCR products were 
electrophoresed on 2% gels and stained with ethidium bro-
mide. Integral optical density (IOD) of the band was analyzed 
with Gel Pro 4.0 software.

Western blots. Protein expression changes of RASSF1A and 
P73 in tissues and hepatoma cells were detected by western blots. 
Briefly, cells were lysed in Laemmli sample buffer (Bio-Rad)  
supplemented with a protease inhibitor (Roche, NJ). Protein  
concentrations were measured using a BCA Protein Assay 
kit (Pierce, IL). Cell lysates (50 mg) were electrophoresed 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, then incubated with the primary antibody. Twenty ml 
of 1:300 anti-RASSF1A, anti-P73, and anti-GAPDH antibodies 
(Abcam for RASSF1A, CST for P73 and ProMab for GAPDH) 
were used according to the manufacturer’s instructions. After 
washing, the membranes were incubated with the secondary anti-
body, horseradish peroxidase-conjugated IgG (Calbiochem, NJ) 
and analyzed using enhanced chemiluminescence-plus reagent 
(GE Healthcare, UK).

Cell apoptosis and proliferation assay. Apoptosis was detected 
by Annexin V-FITC/PI double staining. Briefly, 1 x 106/mL cells 
72 h after transfection were harvested, digested and stained with 
annexin V conjugated with fluorescein isothiocyanate (FITC) 
and propidium iodide (PI) for 15 min and detected by FACScan. 
Data was analyzed with CELL Quest software. Cells at 0, 1, 2, 3, 
4, 5, 6, 7 d after transfection were treated with methyl thiazolyl 
tetrazolium (MTT, Gibco) and cultured for 4 h. After 150 ml 
dimethyl sulfoxide (DMSO, Gibco) was added, the cells were 
detected for intensity of optical density (IOD) at 490 nm. Cell 
proliferation curves were obtained as IOD as a function of time.

Statistics. All experiments were repeated 3 times, and data 
were recorded as x¯  ± s and analyzed by Student’s t-test and  
one-way ANOVA by SPSS13.0 software. Unless specially stated, 
data of CHL, LC, HCC or NT were compared with that of NL 
in each experiment and p value obtained. p < 0.05 was considered 
to be significantly different.
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HBV-secreting HepG2 2.2.15 were cultured in RMPI 1640 with 
10% fetal bovine serum.

MicroRNA arrays. MicroRNA microarray were performed 
on five normal livers, five chronic hepatitis, six HBV-positive 
cirrhotic livers, eight HBV-positive HCC and corresponding 
nontumorous tissues. Briefly, 100 ng RNA of each specimen 
was harvested using TRIzol (Invitrogen) and RNeasy mini kit 
(QIAGEN) according to manufacturer’s instructions. After 
RNA measurement on a Nanodrop instrument, samples were 
labeled using a miRCURYTM Hy3TM/Hy5TM Power labeling 
kit, and hybridized on a miRCURYTM LNA Array (v.11.0). The  
samples were hybridized on a hybridization station. Scanning 
was performed with the Axon GenePix 4000B microarray scan-
ner. Signal intensity was calculated after background subtraction 
and four replicated spots of each probe on the same slide and 
median values calculated. The differentially expressed miRNAs 
were identified through fold-change screening.

Quantitative real-time PCR. Quantitative real-time PCR 
was applied to verify microRNA-602 (mir-602) expression  
levels in eight NL, 15 CL, 21 HCC tissue samples including 
those evaluated with microRNA microarray and three hepa-
toma cell lines including HepG2, HBV-secreting HepG2 2.2.15 
and HBX-transfected HepG2-HBX. Primers for mir-602 were 
F: 5'-GAC ACG GGC GAC AGC T-3'; R: 5'-TGC GTG TCG 
TGG AGT C-3', and for control U6: F: 5'-GCT TCG GCA 
GCA CAT ATA CTA AAA T-3', R: 5'-CGC TTC ACG AAT 
TTG CGT GTC AT-3', with expected products of 60 and 89 bp, 
respectively. Human TaqMan MiR assays (Applied Biosystems, 
CA) were according to the manufacturer’s instructions. Cycle 
passing threshold (Ct) was recorded and normalized to RNU6B 
expression. Relative expression was calculated as 2Ct_miR-
602-Ct_RNU6B. All qRT-PCR values were calculated as ratios 
to the U6-normalized qRT-PCR miR-602 value in the first nor-
mal specimen.

Transfection of microRNA-602 inhibitor (mir-602i) into 
HepG2, HepG2 2.2.15 and HepG2-HBX cells. Synthesized 
RNA duplexes of miR-602 inhibitor were purchased from 
Dharmacon (Lafayette, CA). After culture in RPMI 1640 plus 
10% fetal bovine serum and passage for three generations, 
30–50% confluent cells were transfected with 60 nM of miR-
602 inhibitor, or inhibitor-negative control using DharmaFECT4 
(Dharmacon). Cell RNA and proteins were harvested and tested 
at 72 h after transfection.

RT-PCR. Primers for RASSF1A, P73 and control b-actin 
were designed according to GeneBank. Primers for RASSF1A 
were: F: 5'-GCT CTG TGG CGA CTT CAT CT-3', R: 5'-TAG 
GAG GGT GGC TTC TTG C-3'; Primers for P73 were:  
F: 5'-ATC GGG AGG GAC TTC AAC G-3', R: 5'-TCC GCC 
GCT TCT TCA CA-3'; Primers for b-actin were: F: 5'-AGG 
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