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Abstract: Hepatoma is a tumor with high degree of malignancy. A number of oncogenes and tumor suppressor 
genes play certain roles in tumorigenesis and progression. Among which, miRNA, as an important class of gene 
regulators, play important roles in regulating tumorigenesis and development of hepatoma. So know well the unique 
molecular pathway is very important. Here, we showed that there is a different miR-143 expression patterns in 
different hepatoma tissues, and that miR-143 expressions contribute disease progress. By contrast, we down-reg-
ulated the expression of miR-143 with miR-143 mimics in HepG2 cells resulting in decreased proliferation. And the 
decreased proliferations of HepG2 cells were due to a G0/G1 arrest of cell cycle. During this progress, the increased 
apoptosis may be another major cause for decreased proliferation of HepG2 cells. And then, we found miR-143 
down-regulation induced decreased mRNA and protein expressions of TLR2 and NF-κB. These results show that 
HepG2 cells depend to a greater extent on miR-143 for proliferation, and miR-143 down-regulation may induce a 
cell cycle arrest though TLR and NF-κB pathway. miR-143 blockade may be beneficial in therapy of Hepatoma.
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Introduction

Primary hepatocellular carcinoma (HCC) is one 
of the tumors with higher mortality due to its 
high degree of malignancy and difficulty with 
early detection. And surgical operation is an 
option for only a small portion of these patients 
[1]. Besides early-stage surgical resection, che-
motherapy and radiotherapy often cannot ob- 
tain satisfactory results; accordingly, break-
through in hepatoma treatment may take place 
with biotherapy [2]. The MicroRNA (MiRNA) as 
an important gene regulation mechanism in 
epigenetics has attracted widespread atten-
tion. The MiRNA is a class of endogenous small 
non-coding single-stranded RNA molecule com-
prising approximately 18-25 nucleotides; this 
evolutionarily highly-conserved MiRNA is widely 
present in eukaryotic cells and plays important 
regulatory roles in transcription and transla-
tion. As a regulator negatively regulating the 
target gene, miRNA can bind to the 3’-untrans-
lated regions (3’-UTR) of a target gene in com-

plete or incomplete complementary manner, 
leading to direct degradation or translational 
block of the target gene [3]. Therefore, miRNA 
plays an important role in tumorigenesis and 
development.

The miR-143 is localized to human No. 5 chro-
mosome; its mature form miR-143-3p is under-
expressed in a variety of tumors such as 
colorectal cancer [4], pancreatic cancer [5] and 
lung cancer [6], in which miR-143 plays the role 
of a tumor suppressor gene. A study found that 
miR-143 was under-expressed in hepatoma [7], 
while Zhang et al [8] found that miR-143 was 
over-expressed in hepatoma and behaved like 
an oncogene to promote the invasion and 
metastasis of hepatoma cells. Currently, the 
relationship between MiR-143 and pathoge- 
nesis and development of hepatoma is still 
unknown; neither is its mechanism of action. 
Therefore, this study determined miR-143 ex- 
pression in hepatoma using quantitative real-
time PCR (qRT-PCR); meanwhile, the hepatoma 
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HepG2 cells were transfected with synthetic 
miR-143 mimics to observe its effects on the 
biological behavior of hepatoma cells and to 
explore its possible mechanisms of action.

Materials and methods

Materials

Hepatoma tissue and its corresponding peritu-
mor tissue from 32 pairs of surgically resected 
specimens (24 males and 8 females, mean age 
was 53.8 years) in the Department of Hepa- 
tobiliary Surgery, the First Hospital of Xi’an 
Jiaotong University; all hepatoma tissue were 
confirmed through postoperative pathological 
sectioning; none of these patients received 
radiotherapy and chemotherapy postoperative-
ly. The specimens were collected intraopera-
tively; the peritumor tissues came from normal 
liver tissue >3 cm away from the tumor margin; 
the specimens were stored in liquid nitrogen 
immediately after resection and then placed in 
a -80°C refrigerator for long-term preservation. 
This study was approved by the Medical Ethics 
Committee of the First hospital of Xi’an Jiaotong 
University; all subjects were informed of the 
related matters prior to participation in the 
experiments and all subjects signed the in- 

formed consent form. Human hepatocellular 
carcinoma HepG2 cell line was provided and 
stored by the Experimental Center for Biome- 
dical Research, Xi’an Jiaotong University Scho- 
ol of Medicine; fetal bovine serum (Evergreen) 
was purchased from Zhejiang Tianhang Biotech 
Limited; DMEM/high glucose (1×) culture medi-
um was purchased from HyClone; TRIzol rea- 
gent and liposomes (LipofectamineTM2000) 
were purchased from Invitrogen; the design 
and synthesis of all primers were entrusted  
to Beijing Dingguo Changsheng Biotechnology 
(miR-143SL: GTC GTA TCC AGT GCG TGT CGT 
GGA GTC GGC AAT TGC ACT GGA TA CG AC GAG 
CTA C; upstream primer was CAG TGC GTG TCG 
TGG AG, downstream primer was GCG GTG AGA 
TGA AGC ACT; U6 upstream primer was CTC 
GCT TCG GCA GCA CA, downstream primer  
was AAC GCT TCA CGA ATT TGC GT); miR-143 
mimics and negative control were purchased 
from Shanghai GenePharma (miR-143 mimics: 
5’-UGA GAU GAA GCA CUG UAG CUC-3’; nega-
tive control: 5’-UUC UCC GAA CGU GUC ACG 
UTT-3’).

Determination of miR-143 expression in hepa-
toma tissue using qRT-PCR assay

The total RNA was extracted from hepatoma 
tissue stored in a -80°C freezer according to 
TRIzol reagent instructions; total RNA concen-
tration and A260/280 ratio were measured 
with Nanodrop-2000, RNA within a ratio range 
of 1.8-2.0 was used for reverse transcription. 
Measure 1 μl total RNA; then, add 2 μl of 5× 
PrimeScript buffer, 0.5 μl PrimeScript RT 
Enzyme Mix I, 0.5 μl specific stem-loop (SL) 
primer and 6 μL RNase-free H2O; follow TaKaRa 
reverse transcription kit instructions, reversely 
transcribe miR-143 into cDNA, reaction tem-
perature: 42°C for 15 min, 85°C for 5 s; then, 
store at 4°C for later use. The iQ5 Multicolor 
Real-Time PCR Detection System was used to 
detect the expression of miR-143 in hepatoma 
and the transfection efficiency of miR-143 mim-
ics in HepG2 (using U6 internal reference). 
Reaction condition: denaturation at 95°C for 
30 s, annealing at 60°C for 30 s, extension at 
72°C for 30 s, a total of 40 cycles, then exten-
sion at 72°C for 5 min before terminating the 
reaction. Three duplicate wells were set for all 
reactions; the relative expression level of tumor 
versus peritumor tissue and transfection effi-
ciency was calculated using 2-ΔΔCt (Table 1).

Table 1. The gene primer sequences
Gene Primer Sequences (5’-3’)
TLR2 Forward: GCCACCATTTCCACGGACT

Reverse: GGCTTCCTCTTGGCCTGG
NF-κB Forward: TGCTGTGCGGCTCTGCTTCC

Reverse: AGGCTCGGGTCTGCGTAGGG
MMP-2 Forward: GGCCCTGTCACTCCTGAGAT

Reverse: GGCATCCAGGTTATCGGGGA
MMP-9 Forward: CAACATCACCTATTGGATCC 

Reverse: CGGGTGTAGAGTCTCTCGCT
CD44 Forward: TCCAACACCTCCCAGTATGACA

Reverse: GGCAGGTCTGTGACTGATGTACA
MMP14 Forward: GGATACCCAATGCCCATTGGCCA

Reverse: CCTCGGTGCACCATGTTTGGC
Integrin β1 Forward: GAGATGTGTCAGACCTGCCTTG

Reverse: ATTTGTCCCGACTTTCTACCTTGG
Integrin β4 Forward: TGACGATCTGGACAACCTCAAGCA

Reverse: ATCCAATGGTGTAGTCGCTGGTGA
E-cadherin Forward: GGTTATTCCTCCCATCAGCT

Reverse: CTTGGCTGAGGATGGTGTA
GAPDH Forward: CGGAGTCAACGGATTTGGTCGTAT

Reverse: AGCCTTCTCCATGGTTGGTGAAGAC
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Cell culture and transfection

Hepatoma HepG2 cells were cultured in DMEM 
medium 100 mL/L containing fetal bovine 
serum and double antibiotics in an incubator 
under 37°C and 50 mL/L CO2 condition. 
According to the instructions, LipofectamineTM 
2000 was used to transiently transfect hepa-
toma HepG2 cell line with miR-143 mimics; the 
experiment consisted of mimics group (i.e.  
miR-143 mimics transfection group) and NC 
group (meaningless oligonucleotide transfec-
tion group).

Determination of cell proliferation using MTT 
assay

Cells were prepared into single-cell suspen-
sion, 5×105 cells/mL; these cells were seeded 
in 96-well plates, 100 μL/well; at 24, 48 and 72 
h after the intervention, 20 μL MTT (final con-
centration was 5 mg/mL) was added in the 
dark and incubated in a 37°C incubator for 4 h; 
then, the supernatant was discarded and 150 
μl DMSO was added; after shaking on a shaker 
until the crystalline was completely dissolved in 
DMSO, the A value was determined at 490 nm 

with a microplate reader; the mean of 5 wells 
was calculated.

Apoptosis assay

Cells were seeded in 6-well plates; transfection 
intervention was carried out after the attached 
cells entered in logarithmic growth phase. In 48 
h after the intervention, the 2 groups of cells 
were digested with trypsin; the cells were col-
lected and washed with cold PBS for 3 times; 
5×105 cells/mL cell suspension was obtained 
and centrifuged; then, 500 μL binding buffer, 5 
μl annexin V-FITC and 10 μL propidiumiodide 
(PI) were added sequentially, followed by re- 
peated gentle pipetting to mix evenly. After 
standing at room temperature away from light 
for 10 min, the apoptosis was detected with 
flow cytometry. The experiment was repeated 3 
times.

Cell cycle assay

For cell cycle analysis, HepG2 cells in exponen-
tial growth phase were permeated with 75% 
ethanol for overnight at 4°C and stained with 
Propidium Iodide (PI) in the presence of 5 µg/
ml RNase (Sigma) for 10 min. And cell cycle dis-
tribution (G0-G1, S and G2-M) was analyzed 

Figure 1. The miR-143 expressions 
in the 32 pairs of peritumor tissue 
and the corresponding tumor tissue. 
A. Relative expression of miR-143 in 
32 pairs of hepatoma tissue (peritu-
mor tissue/tumor tissue. B. Down-
regulation of miR-143 expression in 
hepatoma tissue after treatment with 
miR-143 mimics.
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with DNA cell cycle analysis software (ModFit, 
Becton Dickinson).

Cell apoptosis assay

Apoptosis was measured with a commercial kit 
(Tianjin Sungene Biotech, China) as recom-
mended by the manufacturer. Approximately, 
105 HepG2 cells were stained for 15 minutes 
with Annexin V- allophycocyanin (APC) and PI at 
room temperature in the dark. After analysis, 
the apoptotic HepG2 cells were analyzed with 
software of Flowjo 7.6. HepG2 cells that not 
stained with the dyes are the viable cells 
(Annexin V-APC negative, PI negative). HepG2 
cells will stain with Annexin V-APC but not a PI 
dye, thus distinguishing cells in early apoptosis. 
However, in late stage apoptosis, the cell mem-
brane loses integrity thereby allowing Annexin 
V-APC and PI to stain the cells (Annexin V-APC 
positive, PI positive).

Cell invasion assay

The melted Matrigel was diluted with DMEM 
medium and 100 μl of which was added to the 
upper chamber of TranswellTM; the chamber 
was incubated at 37°C for 4 h to allow Matrigel 
to solidify; after intervention for 48 h, the cells 
were digested with trypsin and re-suspended in 
DMEM medium containing 10 mL/L FBS; 200 
μl of the cell suspension, 1×105 cells/mL, were 
seeded in the upper chamber while 600 μl 
DMEM medium containing 200 mL/L FBS were 
added to the lower chamber. After incubation in 
an incubator under 37°C and 50 mL/L CO2 con-
dition for 24 h, cotton swabs were used to gen-
tly wipe off the cells remaining on the mem-
brane surface without passing through. After 
fixation in 40 g/L paraformaldehyde, staining in 
1 g/L crystal violet and wash with PBS, the 
cells were counted under high-power fields 
microscopically, 5 randomly selected fields for 
each chamber; the cell counts in each visual 
field was recorded. The cell counts passing 
through the membrane were used to indirectly 
reflect tumor cell invasion ability.

Western blot assay

After intervention for 48 h, the grouped HepG2 
cells were washed with PBS to remove the 
residual culture medium; 200 μl RIPA lysis buf-
fer was added, followed by repetitive pipetting 
and lysis on the ice for 1 h; the contents were 
collected into centrifuge tubes and centrifuged 

at 12000 r/min; after loading buffer was added 
to the supernatant, the samples were treated 
at 100°C for 5 min to denature the proteins; 10 
μl sample was loaded into each well for SDS-
PAGE and then the proteins were transferred to 
a PVDF membrane. After blocking in 50 g/L 
skim milk, rabbit anti-human GAPDH antibody 
(1:2000), mouse anti-human TLR2 antibody 
(1:1500), mouse anti-human NF-κB antibody 
(1:1500), rabbit anti-human MMP-2 antibody 
(1:1500), rabbit anti-human MMP-9 antibody 
(1:1500), rabbit anti-human CD44 antibody 
(1:1500), rabbit anti-human MMP14 antibody 
(1:1500), rabbit anti-human E-cadherin anti-
body (1:1500), rabbit anti-human integrin β1 
antibody (1:1500) and rabbit anti-human integ-
rin β4 antibody (1:1500) were added to incu-
bate at 4°C overnight. After washing with PBST, 
the membrane was incubated with HRP-
conjugated goat anti-rabbit IgG (1:2000) or 
HRP-conjugated rabbit anti-mouse IgG (1:2000) 
for 2 h; after the membrane was washed, che-
miluminescence detection and exposure in a 
dark room were carried out.

Statistical analysis

SPSS13.0 statistical software was used to ana-
lyze the above experimental data. Measurement 
data were represented as x ± s; ANOVA and 
paired t-test was used to analyze the inter-
group differences. When P<0.05, the differ-
ence was considered to have statistical sig- 
nificance.

Results

MiR-143 under-expression in hepatoma tissue

The qRT-PCR assay found that miR-143 was 
under-expressed in hepatoma tissue. In the 32 
pairs of hepatoma tissue and peri-tumor tis- 
sue, miR-143 was under-expressed in 78.13% 
(25/32) hepatoma tissue (down-regulation ex- 
ceeded 2 folds); the mean down-regulation was 
4.36 folds (Figure 1A). After transfection with 
miR-143 mimics (the final concentration was 
100 nmol/L), miR-143 expression level in 
HepG2 was significantly higher than that in con-
trol group (Figure 1B), suggesting successful 
transfection of mimics (P<0.05).

MiR-143 inhibits proliferation and enhances 
apoptosis of hepatoma cells

MTT assay results showed that, in 24, 48 and 
72 h of intervention after hepatoma HepG2 cell 
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Figure 2. The miRNA-143 silence attenuates 
the proliferation of HepG2 cell. A. Cell cycle dis-
tribution of HepG2 cells before and after treat-
ment with miR-143 mimics. B. Cell death dis-
tribution of HepG2 cells after treatment with 
different concentration of halofuginone. C. 
Effect of miR-143 silence on cellular prolifera-
tion in HepG2 cells assessed by MTT assay. D. 
The relative distribution of cell cycle of HepG2 
cells after treatment with miR-143 mimics. E. 
The relative distribution of cell death of HepG2 
cells after treatment with miR-143 mimics.
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line was transfected with mimics, the prolifera-
tion rate was significantly lower in intervention 
group than in control group; the difference had 
statistical significance (P<0.05, Figure 2C). In 
order to verify whether miR-143 up-regulation 
inhibited tumor cell proliferation by promoting 
apoptosis, flow cytometry was used to deter-
mine the cell cycle and early-phase apoptosis 
rate in the 2 groups of cells in 48 h after inter-
vention (Figure 2A and 2B). The HepG2 cells 
after miR-143 silence were selected for cell 
cycle assay. The results showed that the pro-
portion of cells in G0/G1 phase increased in 
miR-143 silenced HepG2 cells, as shown in 
Figure 4. In addition, the apoptosis experimen-
tal results showed that the apoptosis of HepG2 
was significantly enhanced in mimics interven-

tion group than in control group (Figure 2D and 
2E).

MiR-143 inhibits hepatoma cell invasion

A key feature of HepG2 cells that have higher 
miR-143 expression is their increased migra-
tion and invasion capacity. The migration and 
invasion abilities of HepG2 cells after miR-143 
silence were detected with wound-healing as- 
say and transwell experiment. The results of 
the cell invasion (Figure 3A) and the wound-
healing assay (Figure 3B) showed that the met-
astatic capacity of HepG2 cells was inhibited  
by down-regulation of miR-143. The amount of 
cells that migrated to the lower side of the col-
lagen-coated membrane was significantly re- 

Figure 3. MiR-143 silence attenuates the metastasis of HepG2 cells. A. Representative images of transwell assay 
for cell invasion after miR-143 silence. B. Representative images of wounding-heal assay for cell migration after 
miR-143 silence. C. The relative cells migration and invasion. *P<0.05, **P<0.01, compared with the control.
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duced and the migration of HepG2 cells was 
also prominently decreased after transfected 
with miR-143 mimics. But the migration and 
invasion abilities of scramble control cells we- 
re unaffected when compared to the parental 
cells (Figure 3C).

The miR-143 regulates tumor gene expression 
in hepatoma cells

TLR2 may play a role in tumorigenesis and 
development. But it is still unknown whether 
miR-143 affects hepatoma progression through 
TLR2. Therefore, real-time PCR and western 
blot assay were used to determine the changes 
in expression of TLR2 and related pathways in 
HepG2 cells after intervention with miR-143 
mimics. The experimental results showed that, 
in 48 h after intervention with the mimics, the 
mRNA and protein expression levels of TLR2, 
NF-κB, MMP-2, MMP-9, CD44, MMP14, integrin 
β1 and integrin β4 all were decreased signifi-
cantly, and the expressions of E-cadherin were 
significantly increased (Figure 4).

Discussion

Hepatoma is a tumor with high degree of malig-
nancy. Because most of the cases are already 
in advanced stage at the time of diagnosis, sur-
gical treatment is greatly limited. In recent 
years, hepatoma biotherapy has become an 
important breakthrough point for the treatment 
of hepatoma; searching for therapeutic targets 
has important significance for the treatment of 
hepatoma. A number of oncogenes and tumor 
suppressor genes play certain roles in tumori-
genesis and progression. Among which, miRNA, 
as an important class of gene regulators, play 
important roles in regulating tumorigenesis and 
development of hepatoma. Accordance to 
domestic and foreign study reports, the role of 
miR-143 expression in hepatoma progression 
is still unclear. Therefore, we further studied 
the mechanisms of miR-143 action on hepato-
ma progression.

The miR-143 is under-expressed in a variety of 
tumors and can be used as a prognostic mark-

Figure 4. The miR-143 regulates tumor gene expression in hepatoma cells. A, B. Detection of the mRNA and protein 
expression levels of TLR2, NF-κB, MMP-2, MMP-9, CD44, MMP14, E-cadherin, integrin β1 and integrin β4 in HepG2 
cells after treatment with miR-143 mimics.
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er [9]. Its target genes have been identified in 
many tumors successively, including COX-2, 
MMP-13, GLI3 [10], which function as tumor 
suppressor genes in tumorigenesis and devel-
opment. Bauer et al [11] found that miR-143 
was under-expressed in colon cancer. In 2009, 
Chen et al [12] observed similar phenomenon 
and pointed out that the under-expression of 
miR-143 resulted in the loss of inhibition on 
KRAS expression, leading to enhanced tumor 
cell proliferation. Currently, there are only a few 
studies on miR-143 and hepatoma. Two reports 
on miR-143 expression in hepatoma and the 
relationship between them are still controver-
sial. In order to explore the relationship between 
them, we first use real-time quantitative PCR to 
detect miR-143 expression in hepatoma tissue 
in this experiment and found that miR-143 was 
under-expressed in hepatoma.

In a study of prostate cancer, the investigators 
found that, after miR-143 expression, prostate 
cancer cell proliferation was suppressed by 
inhibiting target gene ERK5 [13]. In this study, 
we found with MTT assay and apoptosis assay 
that hepatoma HepG2 cell proliferation could 
be inhibited through increasing the apoptosis 
rate after miR-143 expression had been 
restored. Kapoor et al [14] found in their study 
that miR-143 as a tumor suppressor gene was 
able to suppress the invasion ability of prostate 
cancer by inhibiting GOLM1. While, we con-
firmed with TranswellTM assay that miR-143 
could inhibit the proliferation and invasion of 
hepatoma HepG2 cell line. To further investi-
gate the mechanism of miR-143 action in 
enhancing hepatoma apoptosis and inhibiting 
its invasion, we examined the possible target 
gene TLR2 [15] and its downstream pathway 
NF-κB.

The toll-like receptor (TLR) is mainly expressed 
on the surface of immune cells and is able to 
pass on the pathogen-caused damages to T or 
B cells. In a study conducted by Soares et al 
[16], TLR2 was over-expressed in hepatoma; 
we speculate that this may be related to the 
loss of miR-143 inhibition, but further study is 
needed to determine the relationship between 
them. NF-κB signaling pathway is presently con-
sidered to be frequently involved in the progres-
sion of tumor cells, including liver cancer [17]. 
Therefore, we determined NF-κB expression 
activity in mimics intervention group. Western 
blot results showed that, after miR-143 expres-

sion was up-regulated in HepG2 cells, the 
expression of its potential target gene TLR2 
was down-regulated and subsequently, NF-κB 
in the downstream pathway was also down-reg-
ulated. The studies in recent years showed that 
the abnormal activation of NF-κB as a tran-
scription factor during tumorigenesis can inhib-
it tumor apoptosis and directly affect the 
tumorigenesis and development of malignant 
tumors [18]. In addition, we also examined the 
invasion-related factor MMP-2 and MMP-9; the 
results showed that the expression of MMP-2 
and MMP-9 were also significantly down-regu-
lated after intervention with mimics; accord-
ingly, we believe that miR-143 can also inhibit 
hepatoma cell invasion by down-regulating 
MMP-2 and MMP-9 expression.

This study demonstrated that miR-143 was 
under-expressed in hepatoma; up-regulating its 
expression level could inhibit its potential tar-
get gene TLR2 and NF-κB in the downstream 
pathway, leading to inhibition of hepatoma pro-
liferation. In addition, down-regulating the ex- 
pression of invasion-related factor MMP-2 and 
MMP-9 also play an important role in promoting 
hepatoma cell invasion. However, given the 
numerous miRNA target genes present, miR-
143 may inhibit hepatoma proliferation and 
invasion through other target genes. Therefore, 
further studies are needed to elucidate the 
mechanisms of miR-143 mediated inhibition on 
hepatoma.
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