
Abstract. – OBJECTIVE: Hepatocellular carci-
noma (HCC) is one of the most common malig-
nant tumors in China. Hepatic arterial chemoem-
bolization transcatheter (TACE) is one of the
main treatment methods for liver cancer. Howev-
er, the long-term therapeutic effect of HCC after
TACE is still unsatisfactory, postoperative recur-
rence and metastasis rate is still very high. Fur-
thermore, TACE operation due to liver cancer
tissue ischemia and hypoxia will lead to up-reg-
ulation of vascular endothelial growth factor
(VEGF) expression. In the current study, we in-
vestigated the effects of suppressed VEGF on
HCC and its molecular mechanism provided a
basis for targeting angiogenesis. 

MATERIALS AND METHODS: We established
rabbits primary HCC model by in situ embed-
ding the VX2 subcutaneous transplantation tu-
mor. Conventional Seldinger femoral artery and
hepatic artery catheterization method were used
to select the catheter over the tumor-bearing he-
patic artery. The different groups were divided
into TACE operation, and the experimental
group was performed with the VEGF-siRNA mol-
ecular preparation in the catheter. 64-slice spiral
CT were used to perfusion imaging of liver can-
cer model before and after TACE operation. We
further assessed the efficiency of VEGF silenc-
ing and its influence on VX2 cells. The expres-
sion of VEGF mRNA and protein were detected
by RT-PCR and Western blotting, respectively.
Intratumoral microvessel density (MVD), VEGF
and CD34 were evaluated by immunohistochem-
istry. We detected the cell apoptotic by immuno-
fluorescence and flow cytometry.

RESULTS: Our findings indicated that VEGF-
siRNA-2# could effectively suppress the expres-
sion of VEGF expression, inhibited the prolifera-
tion capability and promoted apoptosis of VX2
cells in vitro. Silencing of VEGF expression also
suppress HCC tumor growth and reduce HCC
angiogenesis in rabbits primary HCC model in
vivo. Furthermore, We found that phosphoinosi-
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tide 3-kinase (PI3K) and protein kinase B (AKT)
activation were considerably reduced while inhi-
bition VEGF expression in VX2 cells.  

CONCLUSIONS: Our data demonstrated that
VEGF silencing could suppress cells prolifera-
tion, promote cells apoptosis and reduce HCC
angiogenesis through inactivation of
VEGF/PI3K/AKT signaling pathway. 

Key words:
Hepatocellular carcinoma, Vascular endothelial

growth factor, Hepatic artery perfusion, siRNAm, Angio-
genesis..

Introduction

Hepatocellular carcinoma (HCC) is a serious
threat to life and health of people around the
world. About 90 million people worldwide die
from the disease every year, making HCC the
third most common lethal malignancy tumour1,2.
Currently, surgical resection is the most preferred
treatment method. However, more than 80% of
HCC cases are accompanied by cirrhosis3, which
results in liver resection to a certain extent4. Al-
so, tumours are adjacent to the first, second, or
third hepatic hilum which causes great difficul-
ties for the surgery. Therefore, surgery in HCC
patients is efficient in less than 20%5. 

Hepatic arterial infusion strategy is another
main method to treat HCC. While its long-term ef-
ficacy is acceptable, the rates of recurrence and
metastasization are still very high6. It was found
that up-regulation of vascular endothelial growth
factor (VEGF) due to ischemia and hypoxia with-
in liver cancer tissue after hepatic artery surgery is
the main reason for this low treatment effect7-10. 
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VEGF is the factor stimulating endothelial cell
proliferation. It is also known as the strongest
vascular penetrant, being 50,000 times more po-
tent than histamine11. VEGF increases permeabili-
ty of capillaries, especially that of veins and small
veins, and promotes blood vessel leakage12.
Therefore, expression of VEGF indirectly reflects
proliferation, migration and angiogenesis of tu-
mor vascular endothelial cells, and may indicate
growth rate and metastasization tendency of the
tumour13. To reduce the recurrence and metastasis
rate of hepatic arterial infusion, and to improve
the survival rate, it is necessary to block the
VEGF signal transduction pathway and down-
regulate VEGF. Thereby, tumour angiogenesis
can be interrupted. This strategy can be combined
with hepatic arterial infusion. One way to achieve
this is by utilizing RNA interference (RNAi). 

It has been shown that siRNA can block or
down-regulate expression of a target gene.
Therefore, siRNA are likely to become the next
generation of therapeutic drugs with broad
prospects14,15. It has been demonstrated that tu-
mour angiogenesis can be inhibited in ovarian
cancer, malignant melanoma, colon cancer, and
stomach cancer by modulating the expression of
VEGF by RNAi16,17. So far, the majority of these
studies are done in cell culture. There are fewer
reports on using RNAi in in vivo models, and
such studies are still limited to surface organs or
tumours are targeted by local injections18. More-
over, it has been reported that siRNA can target
the tumours in experimental animal if adminis-
tered via intravenous injection, but this approach
is marred by drug toxicity and low drug concen-
tration in the target tissue19,20. 

To overcome these shortcomings, we tested an
interventional therapy by super-selecting artery
with a catheter and directly administering siRNA
targeting VEGF. We further combined the anti-an-
giogenesis and anti-VEGF therapy with hepatic ar-
terial infusion to decrease VEGF expression after
the surgery and interrupt the tumour angiogenesis.
This approach has a potential of reducing the rate
of cancer recurrence and metastasis and eventually
improving the survival of patients with HCC.

Materials and Methods

Cell culture and supplies
The VX2 cells were purchased from the ATCC.

Dulbecco’s Modified Eagle Medium (DMEM) cul-
ture medium, trypsin-EDTA, and phosphate-

buffered saline (PBS) were purchased from Gibco
(Grand Island, NY, USA). Fetal bovine serum
(FBS) and DMSO was obtained from Hyclone (Lo-
gan, UT, USA). The anti-CD34 antibody was pur-
chased from Cell Signaling Technology (Danvers,
MA, USA), and anti-human VEGF antibody was
from Abcam (Cambridge, MA, USA).

Specific siRNA targeting VEGF
We designed a 19nt target sequence in accor-

dance to siRNA design principles using the VEGF
sequence in Genebank. siRNA sequences was as
follows: VEGF-siRNA#1, sense: UCGAGACCU-
UGGUGGACAUdTdT, antisense: AUGUCCAC-
CAAGGUCUCGAdTdT; VEGF-siRNA#2, sense:
GGAGUACCCUGAUGAGAUCdTdT, antisense:
GAUCUCAUCAGGGUACUCCdTdT; VEGF-
siRNA#3, sense: UGAUGAAAGCCUG-
GAGUGCdTdT, antisense: GCACUCCAGGCU-
UUCAUCAdTdT. The negative control siRNA
had the following sequence: sense: UUCUCC-
GAACGUGUCACGUdTdT, antisense: ACGU-
GACACGUUCGGAGAAdTdT. To ensure stabil-
ity of these siRNAs in blood, the end of each siR-
NA sequence was modified by methylation.

Establishment of NOD-SCID 
mice model expressing VX2

The VX2 cells were cultured in DMEM con-
taining 10% fetal bovine serum. When the cells
grew to confluence, they were lifted with 0.25%
trypsin supplemented 0.02% EDTA. Detached
cells were collected into a centrifuge tube and
centrifuged for 5 min at 1000 rpm. After removal
of the supernatant, a single cell suspension of
VX2 cells was prepared at the cell density of
1.5×107/mL. Then, 2 × 106 VX2 cells were resus-
pended in 50 μL PBS and subcutaneously inject-
ed into the left part of the abdomen of non obese
diabetic-severe combined immunodeficiency
(NOD-SCID) mice.

Establishment of VX2 transplantation 
tumour in a rabbit 

The VX2 cells were inoculated into an inguinal
muscle gap of experimental rabbits. Then, the
rabbits were kept in the cages and fed normally
for 2-3 weeks. At that point, a substantial tumour
of about 3 cm in size formed at the vaccination
site on rabbit legs. Using 1% pentobarbital sodi-
um (30 mg/kg), rabbits were anaesthetized, and
tumour tissue was collected and washed 3 times
with normal saline. The tissue was cut into 1 × 1
× 1 mm blocks and placed in a saline solution. 
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We also established a rabbit VX2 transplanta-
tion liver tumour model. Experimental rabbits
were fasted for 12 hours on the operation day but
were allowed to consume water. The hair was re-
moved in the xiphoid and upper abdomen area,
and disinfected with ultraviolet for 30 min. Then,
rabbits were anesthetized by ketamine, placed in
supine position on a home-made platform, with
limbs fixed, and disinfected in the subxyphoid
area with iodophor. A 1.5-cm incision was made
on partial left subxiphoid and blunt dissected to
expose the liver. The liver was gently pulled out
from the body, while moistened with gauze
soaked with physiological saline. Then, a thicker
sinus about 1 cm long was established in the left
lobe of the liver, a tumor block was built in the si-
nus, and the liver was confirmed to have no bleed-
ing. The wound was sutured and disinfected. After
10 days, conventional CT plain scan and enhanced
scan were performed (Figure 4B). A tumour lesion
was confirmed in the lobe of the liver.

Experimental grouping, siRNA 
administration, tumour growth index 
determination, and hepatic artery 
perfusion

Rabbits were randomly divided into three
groups, each group consisting of 5 rabbits. The
Group A was treated with 100 μL PBS via hepat-
ic artery perfusion, injected every other day, 3
times a week, with a total of 9 injections. The
Group B was treated with 100 μL negative con-
trol siRNA via hepatic artery perfusion, starting
from the day 14 after tumour inoculation. Nega-
tive control siRNA was injected every other day,
3 times a week for a total of 9 injections. The
Group B was treated with VEGF-siRNA-2#; the
injection of VEGF-siRNA-2# (100 μM) was
done via hepatic artery perfusion starting from
the day 14 after tumour inoculation, with a fre-
quency similar to negative control siRNA. 

Expressions of VEGF, CD34 and Bax mRNAs in
tumour tissue were determined by qPCR. Total RNA
was extracted using Trizol (Sigma, Saint Louis, MO,
USA). Then, PrimeScript RT kit (TaKaRa, Otsu, Shi-
ga, Japan) was used for reverse transcription. qPCR
was used to quantify expression of genes of interest
using the CFX96 Real-Time PCR System (Bio-Rad,
Hercules, CA, USA). The GAPDH mRNA expres-
sion served as endogenous control.

Then, the intratumoral MVD was quantitative-
ly detected in 10 high power fields. Finally, ex-
pression of VEGF and CD34 protein were ana-
lyzed by immunohistochemistry in tumour tis-

sues from different rabbit models. Tumour vol-
ume and tumour weight were detected according
to the formula: V = a b2/2, where “a” represents
the length and “b” the width of the tumour. The
tumour growth curve and the inhibition rate of
the tumour were also calculated. Animals from
each group were sacrificed on the day 17 after
administration, and tumours were weighed. 

Hepatic artery perfusion was done as de-
scribed in prior publications21. 

Immunohistochemical staining 
procedure

Immunohistochemical staining procedure ac-
cording to the requirements of the operating in-
structions. Dewaxed paraffin with water; antigen
retrieval, each movie three times, each two min-
utes. PBS washed 5 minutes for 3 times, 3% hy-
drogen peroxide at room temperature for 15 min-
utes, to remove the endogenous peroxidase activi-
ty; then PBS wash 5 minutes for 3 times, 5% goat
serum blocking solution treatment at room temper-
ature 30 minutes. Remove excess liquid, and added
primary antibody, CD31 (1:200), VEGF (1:100),
incubated overnight at 4° C in the refrigerator; 37º
C incubated for 1 hour. Subsequently, PBS washed
5 minutes for 3 times, adding universal secondary
antibody treatment 30 minutes; PBS wash 5 min-
utes for 3 times, adding horse radish peroxidase
(HRP) streptavidin working solution for 30 min-
utes; PBS wash 5 minutes for 3 times, diaminoben-
zidine (DAB) reagent color, color side view in the
edge under a microscope. washing 5-15 minutes to
terminate the color reaction; hematoxylin, dehy-
drated and transparent, were mounted.

Quantification of the intratumoral MVD 
Tumour tissue was fixed with 10% formalin

and paraffin-embedded. The, tumour tissue was
cut into 4 μM sections. Sections were de-paraf-
finized in xylene and rehydrated in ethanol.
Then, antigen retrieval was carried out, and
slides were incubated either with anti-VEGF or
anti-CD31 antibodies (both from Abcam)
overnight at 4° C in a humidified chamber. The
DAB system was used to visualize the signal on
tissue slide counterstained stained with hema-
toxylin. One investigator has then blindly quanti-
fied tumour angiogenesis.

Cell proliferation assay
The cell proliferative potential was evaluated

by Cell Titer Blue assay according to manufac-
turer’ s procedure. At first, 1 × 103 cells were in-
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fected with Ad-VEGF-siRNA, Ad-Control-siR-
NA and PBS, respectively. After infected with 1-
7 days, 10 μL Cell Titer Blue/well was added to
each plate and were cultured for another 2h, the
absorbance at 450 nm was read by multi-well
spectrophotometer (Bio-Rad).

Western blotting
Total proteins were separated by SDS-PAGE on

an 8-10% gel. After electrophoresis, gels were
transferred onto 0.45 μm PVDF membrane (Milli-
pore Corp, Darmstadt, Germany) and blocked with
2% BSA for 2-4h at room temperature. The mem-
branes were incubated with the following primary
antibodies, VEGF (Abcam), p-PI3K and p-AKT
(Santa Cruz), total-PI3K (Abcam), total-AKT (Cell
Signaling Technology, Danvers, MA, USA) and
GAPDH (Santa Cruz Biotechnology, Santa Cruz,
CA, USA). Secondary antibody is HRP-conjugat-
ed anti-rabbit (Jackson Labs, Bar Harbor, ME,
USA). The bound antibody was detected by
chemo-fluorescence detection kit (Amersham, Pis-
cataway, NJ, USA) according to the manufacturer’
instructions. GAPDH was used as a loading con-
trol and the representative images were shown.

Cell apoptosis analysis by flow cytometry 
The VX2 cells were treated with VEGF-siR-

NA-2#, negative control siRNA, or PBS. For this,
5 × 105 VX-2 cells were harvested after the treat-
ment for 24 hours and double-stained with fluores-
cein APC-labeled Annexin-V and PI (Becton
Dickinson, Franklin Lakes, NJ, USA). The per-
centage of apoptotic cells were detected by flow
cytometry (Becton Dickinson) after staining.
Analysis of the apoptotic rates in different groups
and the representative images were shown. 

Statistical Analysis 
Results were presented as mean ± SD. Statisti-

cal significance was determined using SAS9.0 or
SPSS15.0 statistical programme, and ANOVA
test. The p < 0.05 was considered as indicating a
statistically significant difference.

Results 

Effectively inhibit VEGF expression 
by siRNA in VX2 cells or VX2 cells
culture supernatant

In order to analyze the role of VEGF in rabbit
HCC tumorigenesis, at first, we investigated the
biological effects of VEGF on VX2 cells. Firstly,

we designed three 19nt target sequences corre-
sponding to siRNA design principles and the se-
quence of rabbit VEGF in Genebank. Then, the
siRNAs were transfected into VX2 cells, and the
inhibition efficiency of siRNAs was detected by
RT-PCR and Western blotting assays. 

The data showed that the transfection efficien-
cy of siRNAs was efficient (Figure 1A). Our re-
sults also indicated that expression of VEGF mR-
NA (Figure 1B) and protein (Figure 1C) were
markedly decreased in siRNA-1# group, siRNA-
2# group, siRNA-3# group, compared with un-
treated group and/or NC-siRNA group. In the
three siRNA groups, especially siRNA-2# group
exhibited the most significant inhibition effect. In
addition, the secretion of VEGF protein in VX2
cell culture supernatant was detected by ELISA

Y. Zou, C.-G. Guo, M.-M. Zhang

Figure 1. Effectively inhibit VEGF expression by VEGF-
siRNA in VX2 cells. A, Effect of transient transfection in
VEGF -siRNA and control group on VX2 cells. B, RT-PCR
data displayed that the expression of VEGF mRNA was ob-
viously down-regulated in VEGF siRNA-1# group, VEGF
siRNA-2# group and VEGF siRNA-3# group, compared
with normal group and/or NC-siRNA group, especially in
VEGF siRNA-2# group. C, The expression of VEGF pro-
tein was detected by Western blotting. 
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assay. The data attested that secretion of VEGF
in VX2 cells culture supernatant was significant-
ly inhibited by siRNA-2#, compared with siR-
NA-1# group, siRNA-3# group, untreated group
and/or NC-siRNA group (Figure 2).

VEGF silencing efficiently inhibited
the growth of VX2 cells in vitro and 
in NOD-SCID mice model

To explore that anti-tumor effects of VEGF
siRNA on VX2 cells in vitro, we treated VX2
cells with VEGF-siRNA-2#, NC-siRNA and/or
untreated, respectively. CCK-8 assay was applied
to detected the proliferation ability of VX2 cells.
The results were indicated that the proliferative
potential of VX2 cells was markedly inhibited in
VEGF-siRNA-2# group compared with untreated
group and/or NC-siRNA group (Figure 3A). To
further investigated the effects of VEGF silenc-
ing on VX2 cells in vivo, VX2 cells were applied
to generate a xenograft HCC model in NOD-
SCID mice. The NOD-SCID mice were random-
ly divided into three groups, and each group con-
tains 5 NOD-SCID mice. Group A was treated
with VEGF-siRNA-2# via hepatic artery perfu-
sion, Group B and C were treated with PBS and
NC-siRNA from hepatic artery perfusion, respec-
tively. Figure.3B indicated that inhibition of
VEGF expression could significantly reduced the
growth of tumor in NOD-SCID mice. In addi-
tion, the tumor volume and tumor weight were

obviously lower in VEGF-siRNA-2# group com-
pared with PBS group and/or NC-siRNA group
at day 26 (Figure 3C, 3D). 

Inhibition of VEGF expression could 
promote the apoptosis of VX2 cells 

To further elucidate that whether VEGF plays
an important role in VX2 cells via induced cell
apoptosis. Bax is a pivotal pro-apoptotic gene;
therefore, we detected the expression of Bax by
RT-PCR. The results demonstrated that expres-
sion of Bax mRNA were significantly up-regulat-
ed in VEGF-siRNA-2# group compared with
PBS group and NC siRNA group (Figure 5A,
p<0.001). Allophycocyanin-Annexin V/propidi-
um iodide (APC-Annexin V/PI) double-labeled
was also used to detected the cell apoptotic pro-
portion in VX2 cells. The results displayed that
the apoptotic rates of VX2 cells were increased
after hepatic artery perfusion with VEGF-siR-
NA-2#, compared with PBS group and/or NC
siRNA group (Figure 5B). The representative im-
ages of cell apoptotic were shown in Figure 5C.
These data implied that VEGF silencing could
suppress the cell survival of VX2 cells by induc-
ing cell apoptosis. 

Inhibition of VEGF expression effectively 
restrain HCC orthotopic xenografted 
angiogenesis in rabbits model

Our study was shown that silencing of VEGF
expression could effectually suppressed the
growth of VX2 in rabbits model. Subsequently,
we further inquired into the factors which
caused inhibited the growth of VX2 cells. An-
giogenesis is a pivotal factor in promoting the
growth of VX2 cells. Microvessel density
(MVD) is a key indicator for assessing tumor
angiogenesis; therefore, we evaluated the effect
of VEGF silencing on VX2 cells angiogenesis
in rabbits model. VEGF and CD34 were used to
label the vascular endothelial cells. The results
indicated that expression of VEGF (Figure 6A,
p<0.001) and CD34 (Figure 6B, p<0.001) were
also decreased in VEGF-siRNA-2# group com-
pared with PBS group and/or NC siRNA group.
The data also displayed that VEGF-siRNA-2#
could decrease the counts of intratumoral MVD
compared with PBS group and/or NC siRNA
group (Figure 6C, p<0.001; Table I). The repre-
sentative images were shown in Figure 6D. All
together, these results demonstrated that angio-
genesis was inhibited distinctly in suppression
of VEGF expression. 
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Figure 2. Inhibit the secretion of VEGF protein with
VEGF-siRNA in VX2 cell culture supernatant. ELISA assay
was used to detected the secretion of VEGF protein. *p <
0.05 and **p < 0.01.
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Inhibition of VEGF expression could 
suppress activation of VEGF/PI3K/AKT 
signaling pathway in VX2 cells 

VEGF was one of the pivotal regulator in tu-
mor angiogenesis, playing an important role in
tumor cells survival. The PI3K/AKT signaling
pathway was the cardinal downstream of VEGF,
participating in differently cellular biological
processes. In the current study, we firstly de-
tected the expression of VEGF in VX2 cells af-
ter treated with VEGF-siRNA-2#, NC-siRNA or
PBS. Expression of VEGF protein was remark-
ably suppressed in VEGF-siRNA-2# group. In
VX2 cells, we further detected the expression of
total-PI3K, total-AKT, p-PI3K, and p-AKT by
western blotting. Treatment of VX2 cells with
VEGF-siRNA-2# was no significant effect the
expression of total-PI3K or total-AKT. Howev-

er, phosphorylation of PI3K and AKT were
markedly decreased in VX2 cells compared
with PBS group and/or NC siRNA group (Fig-
ure 7). Therefore, our results indicated that ef-
fects of inhibition of VEGF expression on VX2
cells proliferation and angiogenesis was closely
related with inactivation of VEGF/PI3K/AKT
signaling pathway.

Discussion

Regional infusion chemotherapy can increase
the concentration of chemotherapy drugs and/or
decrease the drug distribution in peripheral
blood as well as other organs, which is one of
the most important strategy to synergistic atten-
uate toxicity of solid tumor22. Owing to hepatic

Y. Zou, C.-G. Guo, M.-M. Zhang

Figure 3. Inhibition of VEGF expression impaired the proliferation of VX2 cells. A, The proliferation of VX2 cells was sig-
nificantly reduced after infected with VEGF-siRNA-2#, compared with PBS group and/or NC-siRNA group in vitro. B,
VEGF-siRNA-2# group cells markedly reduced the proliferative capacity of tumor versus with PBS group and/or NC-siRNA
group. (C, D). The tumor volume (C) and tumor weight (D) of VEGF-siRNA-2# cells were significantly reduced compared
with PBS group and/or NC-siRNA group in rabbits. *p < 0.05, **p < 0.01 and ***p < 0.001.
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arterial infusion has pharmacokinetic advan-
tages, it often used as a common method to
fight hepatocellular carcinoma (HCC)23. HCC is
a typically malignant tumor that has rich blood
supply, and its occurrence, development and
metastasis is closely correlated to tumor angio-
genesis24. Tumor angiogenesis is a prerequisite
for the growth and metastasis of HCC. If there
is no new vascular support, tumor will not grow
to more than 1-2 mm. While the prognosis of
HCC is closely related to angiogenesis regulato-
ry factor and MVD25. 

VEGF is known to the strongest pro-angio-
genic factor, and generally considered that tumor
cells can self-secrete VEGF to improve the for-
mation of its own vascular system26,27. The for-
mation of new blood vessels is required for ma-
lignant tumour growth, invasion and metastasis,
but also are important indicator of tumor malig-
nancy degree. Chen et al28,29 reported VEGF is
highly expressed in HCC cells, which is nega-
tively related to migration and prognosis of
HCC. Moreover, Oda et al30 found that the level
of VEGF is directly related to tumor MVD, sug-
gesting that tumor angiogenesis induced by over-

expression of VEGF will lead to invasion, metas-
tasis and recurrence of HCC. The MVD and/or
microvessel count were used to determine tumor
invasion, and to assay the treatment sensitivity
and prognosis. 

Moreover, VEGF secreted by tumor cells may
be a crucially indicating factor in the tumors ini-
tiation, migration and metastasis31. In the current
study, our founding demonstrated that the mi-
crovessel density or microvessel count were few-
er in VEGF-siRNA-2# group than NC-siRNA
group and/or PBS group, suggested that MVD
and VEGF had a strong positive correlation. Our
results also indicated that tumor microvascular
usually distributed to the irregular edges of HCC,
and this distribution of microvascular is con-
ducive to tumor invasion and metastasis. In addi-
tion, our findings also confirmed that there were
no significant correlation between MVD and age,
onset time or histological subtype in HCC (data
no shown). 

MVD can reflect the angiogenesis of HCC, and
CD34 is the most sensitive tumor marker current-
ly32. In this study, we detected the MVD in tumor
tissues via using CD34 to mark vascular endothe-
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Figure 4. Establishment of rabbit VX2 model. A, The operation method of VX2 model in rabbits. B, CT imaging was shown
rabbit liver transplantation tumor.

Art. 1.4575.qxp_Art. 1.1475/ringraziamenti  22/12/15  15:32  Pagina 4757



4758

lial cells. Our data showed that the MVD was rela-
tively lower in VEGF-siRNA-2# group, compared
to control group and NC-siRNA group, and the
difference was statistically significant (p<0.05),
while there was no significant difference between
control group and NC-siRNA group (p>0.05).
These results indicated that combination hepatic
artery infusion with siRNA could effectively re-
duce the MVD in HCC tissues, while it is not sig-

nificant to decrease the MVD of HCC by hepatic
artery infusion combined with siRNA chemothera-
py can effectively reduce the blood vessel density
of HCC tissues, and it is not significant to reduce
the microvessel density of hepatocellular carcino-
ma by hepatic artery infusion therapy alone. In
summary, VEGF-siRNA can effectively inhibit the
expression of VEGF in HCC, reduce tumor MVD,
and inhibit tumor angiogenesis. 

Y. Zou, C.-G. Guo, M.-M. Zhang

Figure 5. Silencing of VEGF expression promote apoptosis of VX2 cells. A, Expression of Bax mRNA was detected by RT-
PCR in VX2 cells, ***p < 0.001. B, The cell apoptotic rate was calculated by flow-cytometry (FCM) in VX2 cells after treated
with VEGF-siRNA-2# and for 24 hours, PBS and/or NC-siRNA group cells were considered as normalization. C, The cell
apoptotic was measured by immunofluorescence and the representative images were shown.
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Furthermore, we further explored the molecular
mechanism of promoted cell apoptosis in HCC
cells via inhibiting VEGF, and measured the im-
pact of VEGF silencing on PI3K/AKT signaling
pathway. Our findings indicated that p-PI3K and
p-AKT was subsequently decreased, accompanied
by down-regulation of VEGF in VX2 cells after
treated with VEGF-siRNA-2#. However, total-
PI3K and total-AKT remained relatively constant,

which implies that VEGF may affect the occur-
rence and development of HCC by regulating
PI3K/AKT signaling pathway.

Conclusions

Altogether, these results will provide a thera-
peutic strategy for targeting HCC angiogenesis.
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Figure 6. Silencing of VEGF expression effectively inhibits xenografted HCC angiogenesis in rabbit VX2 model. A-B, Ex-
pression of VEGF mRNA (A) and CD34 mRNA(B) was determined by RT-PCR in tumor tissues of rabbit model. **p < 0.01,
***p < 0.001. C, Quantification of the intratumoral MVD in 10 high power fields. ***p < 0.001. D, Expression of VEGF and
CD34 protein were analyzed by immunohistochemistry in tumor tissues of different rabbit model.

Groups VEGF MVD

VEGF-siRNA-2# 267431.21 ± 128421.28 5.24 ± 0.31
Negative control siRNA 2193742.38 ± 453849.39 13.41 ± 1.26
PBS 2494674.94 ± 384944.39 14.84 ± 1.47

Table I. VEGF levels and MVD value in rabbit VX2 model

Data are mean ± SD
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