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Abstract
AIM: To compare the effect of transarterial chemoem
bolization (TACE) plus GRGDSP (Gly-Arg-Gly-Asp-Ser-
Pro, integrin-inhibitor) loaded nanoparticles with TACE 
alone or TACE + GRGDSP in a rat model of liver tumor. 

METHODS: Morris hepatoma 3924A tumors were 
implanted in the livers of 30 ACI rats. The ACI rats were 
divided randomly into three groups (10 animals each). 
Tumor volume before treatment (V1) was examined 
by magnetic resonance imaging (MRI), and then, 
after laparotomy and placement of a PE-10 catheter 
into the hepatic artery, the following interventional 
protocols were performed: TACE (mitomycin C + 
lipiodol + degradable starch microspheres) + GRGDSP 
loaded nanoparticles for group A; TACE + GRGDSP 
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for group B (control group 1); TACE alone for group C 
(control group 2). Tumor volume (V2) was assessed 
by MRI and the mean ratio of the post-treatment to 
pretreatment tumor volumes (V2/V1) was calculated. 
Immunohistochemical analysis was performed to assess 
the quantification of matrix metalloprotein 9 (MMP-9) 
and vascular endothelial growth factor (VEGF) positive 
tumor cells in each treatment group.

RESULTS: The mean tumor growth ratios (V2/V1) 
were 1.3649 ± 0.1194 in group A, 2.0770 ± 0.1595 in 
group B, and 3.2148 ± 0.1075 in group C. Compared 
with groups B and C, group A showed a significant 
reduction in tumor volume. Lower expression of MMP-9 
and VEGF in hepatocellular carcinoma was observed 
in group A than in groups B and C. The angiogenesis 
of tumor was evaluated using anti-VEGF antibodies, 
and the metastasis of tumor was assessed using anti-
MMP-9 antibody. MMP-9 and VEGF were expressed in 
all specimens. The immunoexpression of these proteins 
was confirmed by the presence of red cytoplasmic 
staining in tumor cells. Lower expression of MMP-9 
and VEGF in hepatocellular carcinoma was observed in 
group A than in groups B and C.

CONCLUSION: Transarterial administration of integrin 
inhibitor loaded nanoparticles combined with TACE 
evidently retards tumor growth and intrahepatic 
metastases compared with TACE alone or TACE plus 
integrin inhibitor in an animal model of hepatocellular 
carcinoma.
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Core tip: Our experimental study was designed to 
reduce tumor progression and recurrence through 
a combination of transarterial administration of 
GRGDSP (integrin-inhibitor) loaded nanoparticles 
plus transarterial chemoembolization (TACE) in an 
animal model of liver tumor. Our data showed that 
the combined biological and interventional treatment 
is a safe and effective therapy compared with TACE 
alone or TACE plus GRGDSP. The combined multimodal 
targeting therapies exhibit tremendous advantages over 
conventional interventional therapy alone.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most 
common malignances worldwide and it has a poor 
prognosis due to its rapid infiltration, liver cirrhosis and 
metastases. Surgical resection and liver transplantation 
are regarded as potentially curative therapies for 
patients with HCC[1,2]. However, most patients are not 
suitable candidates for surgical approaches because 
of liver dysfunction, extrahepatic metastases, lack of 
donor organs and high recurrence rates. Currently, 
transarterial chemoembolization (TACE), percutaneous 
ethanol injection, radiofrequency ablation, microwave 
coagulation therapy, laser induced thermotherapy 
and cryotherapy are important components for mini­
mally invasive therapy in patients with cirrhosis and 
unresectable primary or metastatic liver tumors[3-5]. 
TACE has been shown to reduce systemic toxicity and 
increase local effects and thus improve the therapeutic 
results[6]. However, the long-term survival rate of 
patients has not been substantiated in randomized 
clinical studies, mainly due to the tumor recurrence 
and metastases after treatment[5]. While it is well known 
that tumor metastasis is a multifactorial process, one 
key to tumor cell infiltration and metastasis is integrin-
mediated adhesion of tumor cells to the normal 
basement membrane.

Integrin is a king of receptor molecules on the 
surface of cells, and the basic function of which is 
to mediate the intercellular adherence or adherence 
between cells and extracellular matrix (ECM). Integrin 
expressed by tumor cells and host cells can promote 
the progress of metastatic dissemination. Recently, 
studies of anti-integrin therapies are drawing more 
and more attention to the treatments that protect 
against recurrence and metastasis of tumors[7]. It was 
demonstrated that transarterial infusion of GRGDSP 
(Gly-Arg-Gly-Asp-Ser-Pro integrin-inhibitor which 
includes RGD-peptide) combined with TACE noticeably 
inhibited the growth of liver tumor in Wistar rats[8].

It is well known that the nanoparticles considered 
as drug carriers in the targeting treatment can change 
the drug distribution in the body, besides the benefit 
feature of slow drug release. Nanoparticles can be 
combined with different kinds of drugs or ligands for 
targeted drug delivery[9,10]. The nanoparticle-therapies 
have the potential to enhance the effect for inhibiting 
tumor proliferation and angiogenesis[11,12]. It was 
reported that the therapeutic effect of chemotherapeutic 
drug on liver tumor could be noticeably enhanced by the 
administration of nanoparticles via the hepatic artery. 
The rats that received Adriamycin loaded nanoparticles 
acquired obvious inhibition on tumor growth, as well 
as prolonged their survival[11,12]. However, to our know
ledge, there have been no experimental or clinical 
reports on the therapeutic effectiveness of TACE 
combined with integrin inhibitor-loaded nanoparticles 
for treatment of HCC. Thus, the purpose of our study 
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was to assess the effect of TACE combined with 
GRGDSP loaded nanoparticles, compared with TACE 
alone or TACE plus GRGDSP for treating HCC in an 
animal model.

MATERIALS AND METHODS
Tumor cells and animal model
Morris hepatoma 3924A tumors, poorly differentiated 
HCC, was used in this study. The hepatoma cells 
were obtained from the German Cancer Research 
Center in Heidelberg. Thirty male ACI rats (200-220 
g) were obtained from Harlan Winkelmann (Borchen, 
Germany). The experiments were performed in 
accordance with the German government and the 
institutional animal research review board. All the 
experiments were carried out under intraperitoneal 
anesthesia with ketamine hydrochloride (100 mg/kg), 
xylazin hydrochloride (15 mg/kg), and atropine sulfate 
(0.1 mg/kg).

Tumor implantation (day 0) was performed accor
ding to the method described by Yang et al[13] with 
slight modification[14]. The tumor tissue was recovered 
from an animal 12 d after subcutaneous implantation 
(5 × 106 tumor cells) and cut into small cubes (ca. 2 
mm). The left lateral lobe of the liver of the recipient 
rat was exposed through a subxiphoid abdominal 
incision and a small subcapsular incision was made. 
The tumor fragment was gently embedded into the 
pocket and the abdominal wall was subsequently 
closed. 

Agents
GRGDSP loaded nanoparticles were kindly provided 
by School of Life Science and Technology, Huazhong 
University of Science and Technology (Wuhan, China). 
GRGDSP loaded nanoparticles were synthesized using 
the method of Yang et al[15] with slight modifications. 
Superparamagnetic iron oxide (SPIO) was used as 
RGD (Arg-Gly-Asp) nanocarriers. The size and size 
distribution of the final product were determined by 
photon correlation spectroscopy (PCS) with a nano-
ZS90 laser particle analyzer (Malvern Instruments 
Corp., United Kingdom). The mean diameter of particles 
was 107 nm, and the drug loading ratio was 50%.

A dose of 0.25 mg GRGDSP loaded nanoparticles 
was suspended in 0.6 ml of 0.9% NaCl for 10 min 
before administration.

A dose of 0.1 mg mitomycin, 0.1 ml lipiodol and 5.0 
mg degradable starch microspheres was administered 
into the hepatic artery of the rats in the experiment.

MR imaging (days 12 and 25)
One day before and 12 d after the interventional 
therapy, MRI was performed with a 3.0 Tesla Magnetom 
superconducting system (Siemens; Erlangen, Germany) 
using a wrist coil. MR images of the liver were acquired 
in the transverse plane using a T2-weighted turbo 
spin-echo sequence with the following imaging 

parameters: TR/TE, 3870/80 ms; slice thickness, 
2 mm; matrix, 192 × 256. The tumor volume was 
evaluated in T2-weighted images according to the 
ellipsoid volume formula[16]: V = 0.5 × d1 × d22 (d1 
= maximum diameter of the tumor; d2 = minimum 
diameter perpendicular to d1).

Interventional procedures (day 13)
A second laparotomy was performed 1 d after MRI 
examination for interventional treatment. A PE-10 
polyethylene catheter (inner diameter 0.28 mm, outer 
diameter 0.61 mm, Wenzel, Heidelberg, Germany) 
was used for catheterization under a microscope. 
The catheter was inserted retrogradely into the 
gastroduodenal artery and pushed to the common 
hepatic artery. The following therapeutic agents were 
injected through the catheter to the hepatic artery by 
sandwich technique (sequential injection of lipiodol 
+ mitomycin + GRGDSP loaded nanoparticles or 
GRGDSP + degradable starch microspheres):

Group A (TACE + GRGDSP loaded nanoparticles; n 
= 10): 0.1 mg mitomycin + 0.1 ml lipiodol + 5.0 mg 
degradable starch microspheres + 0.25 mg GRGDSP 
loaded nanoparticles.

Group B (control group 1, TACE + GRGDSP; n = 
10): 0.1 mg mitomycin + 0.1 ml lipiodol + 5.0 mg 
degradable starch microspheres + 0.25 mg GRGDSP 
(2.5 mg/ml, Jingmei Biological, Wuhan, China).

Group C (control group 2, TACE alone; n = 10): 0.1 
mg mitomycin + 0.1 ml lipiodol + 5.0 mg degradable 
starch microspheres.

Immunohistochemical examination (day 26)
All rats were sacrificed after the MRI examination 
by intravenous administration of overdose sodium 
pentobarbital. Liver samples were embedded and 
frozen in Tissue-Tek and 5 µm cryosections were 
generated. Sections were fixed in 100% acetone and 
endogenous peroxidase activity was blocked with 0.6% 
H2O2/MeOH followed by incubation with anti-MMP-9 
rabbit polyclonal antibody (Cell Signaling Technology 
Inc., Ma, United States) and/or anti-VEGF rabbit 
polyclonal antibody (Santa Cruz Biotechnology Inc., 
United States) overnight at 4  ℃. Sections were then 
incubated with an anti-rabbit alkaline phosphatase 
supervision polymer system (DCS Innovative Diagnostik-
Systeme, Hamburg, Germany), and endogenous 
alkaline phosphatase was inhibited by 1 mmol/L 
levamisole present in the substrate. Sections were 
subsequently counterstained with hematoxylin and 
mounted in Kaisers Glycerol Gelatin (Merck, Darm
stadt, Germany). To evaluate the expression of MMP-9 
and VEGF, all slides were examined and scored by 
two independent pathologists who were blinded to 
the animal data. Stained cells were counted in 10 
microscopic fields (× 100) per slide in tumor area and 
the average was calculated. Slides were evaluated in 
a semiquantitative method relating to the percentage 
staining of the cells and were scored as follows: 0 (No 
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staining); 1 (0%-5%); 2 (6%-25%); 3 (26%-50%); 4 
(51%-75%); and 5 (76%-100%).

Statistical analysis
The mean tumor growth ratio (V2/V1) by MRI from 
each group and the significance of differences were 
analyzed using the statistical software Prism (version 
3.02, La Jolla, CA, United States).

Immunohistochemical staining of MMP-9 and VEGF 
was evaluated using descriptive and semiquantitative 
methods. Statistical analyses were performed using 
Prism (version 3.02, La Jolla, CA, United States). 

Comparisons between groups were made using the 
Bonferroni test. Differences with a P-value less than 
0.05 were considered statistically significant.

RESULTS
MRI examination
Tumor implantation was successful in all of the rats. 
Most tumors appeared homogeneous and were 
hypointense on T1-weighted images and hyperintense 
on T2-weighted images prior to treatment, but 
inhomogeneous after treatment. The mean growth 
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Figure 1  Representative transverse magnetic resonance images of solid liver tumors in group A (TACE+ GRGDSP loaded nanoparticles) (images A and 
B), group B (Control group 1, TACE+ GRGDSP) (images C and D) and group C (Control group 2, TACE alone) (images E and F) in ACI rats. 3870/80 matrix 
was acquired for all images. a: The pretreatment unenhanced T2-weighted TSE MR image shows a small hyperintense tumor (arrow) in the left lateral liver lobe (0.81 
cm × 0.79 cm); b: On the posttreatment unenhanced T2-weighted TSE MR image, the same lesion (arrow) (0.85 cm × 0.82 cm) is a hyperintense tumor and has the 
inhomogeneous hypointense area corresponding to intratumoral necrosis. The growth of the hepatic tumor is noticeably inhibited after therapy; c: The pretreatment 
unenhanced T2-weighted TSE MR image shows a small hyperintense tumor (arrow) in the left lateral liver lobe (0.75 cm × 0.70 cm); d: On the posttreatment 
unenhanced T2-weighted TSE MR image, the same lesion (arrow) (1.03 cm × 0.87 cm) is a hyperintense tumor and has the inhomogeneous hypointense area 
corresponding to intratumoral necrosis. The hepatic tumor appears to have grown slightly after therapy; E: The pretreatment unenhanced T2-weighted TSE MR image 
shows a small hyperintense tumor (arrow) in the left lateral liver lobe (0.74 cm × 0.71 cm); f: On the posttreatment unenhanced T2-weighted TSE MR image, the 
same lesion appears as a 1.23 cm × 1.01 cm tumor (arrow) with relatively rapid growth compared to its size before therapy. TACE: transarterial chemoembolization.
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ratios of tumors [V2 (postreatment)/V1 (pretreatment)] 
were 1.3649 ± 0.1194 in group A, 2.0770 ± 0.1595 in 
group B, and 3.2148 + 0.1075 in group C. Compared 
to groups B and C, group A (TACE + GRGDSP loaded 
nanoparticles) showed a significant reduction of tumor 
growth (P < 0.01) in the period of observation by 
Bonferroni test (Figures 1 and 2). 

Immunohistochemical assay 
The angiogenesis of tumor was evaluated using 
anti-VEGF antibody, and the metastasis of tumor 
was assessed using anti-MMP-9 antibody. MMP-9 
and VEGF were expressed in all specimens. The 
immunoexpression of these proteins was confirmed 
by the presence of red cytoplasmic staining in tumor 
cells (Figures 3 and 4). Lower expression of MMP-9 
and VEGF in HCC were observed in the group A than in 
groups B and C (controls) (P < 0.01) (Tables 1 and 2).

DISCUSSION
HCC is one of the most common malignancies with 
very high morbidity and mortality. TACE is a widely 
used palliative treatment for patients with unresectable 
HCC[4]. However, it has not led to significant impro
vements in the long-term survival rates, because of 
postoperative metastasis and recurrence of tumors[8]. 
Local infiltration and metastasis of tumors are a 
complicated process which is influenced by many 
factors. 

The mechanism of adhesion molecules was 
reported to play an important role in the regulation 
of cellular migration, proliferation and apoptosis[17,18]. 
Integrin receptors are abnormally expressed on the 
surface of tumor cells, where they perform the basic 
function of mediating intercellular and cell-extracellular 
matrix (ECM) adherence. The adhesive function 
of integrins works by identifying the specific RGD 
sequence in the ligand (one part of ECM) and the links 
to it. RGD peptide is a kind of extrinsic peptide, which 

can competitively bind to integrin and inhibit binding 
with the RGD sequence of the ECM. The integrin-
mediated adherence between tumor cells and ECM 
can be decreased by RGD peptide, and the inhibitory 
action is dose dependent. Furthermore, degradation 
of ECM caused by MMP-9 can be inhibited. Binding of 
RGD to integrin receptor αvβ3, which is abnormally 
expressed in the endothelial cells of tumor blood 
vessels, may prevent blood vessel formation and 
infiltrating[17,19-21]. Therefore, RGD peptide can be 
regarded as a broad-spectrum antagonist of integrin. 
As a synthetic linear RGD peptide, GRGDSP (Gly-
Arg-Gly-Asp-Ser-Pro) could inhibit the adherence of 
tumor cells to endothelial cells of blood vessels and 
limit its metastasis[22-24]. Tsuchiya et al[20] have found 
that intravenous administration of synthetic RGD 
pseudo-peptide (FC-336) could inhibit intrahepatic 
metastasis compared with control group (P < 0.05). 
Typically, a previous study has demonstrated that 
transarterial infusion of GRGDSP combined with TACE 
noticeably inhibited the growth of hepatic carcinoma 
and intrahepatic metastasis in Walker-256 rats[8]. 
Recently, nanobiotechnology has many advantages for 
improving drug delivery by the following approaches[10]. 
First, particle size can be reduced to nanometer size 
range to increase the surface area, thereby increasing 
the rate of dissolution. Second, nanoparticles can 
improve the absorption of insoluble compounds and 
macromolecules, enhance the bioavailability and 
release rates, and therefore reduce the amount of 
dose required and side effects. Finally, nanoparticles 
can be combined with ligands for targeted drug 
delivery. Nanotechnology is particularly useful for 
delivery of biological therapies. Nanotechnology will 
enable design and delivery of more effective drugs 
with increased efficacy and reduced toxicity. Wang et 
al[25] have showed that the nanoparticles coupled with 
RGD-peptide and doxorubicin represent high efficacy 
in inducing apoptosis in specific malignant cancer cells. 
Iwasaki et al[9] demonstrated that nanoparticles can be 
intravenously administrated for delivery of therapeutic 
genes with anti-tumor activity into human liver 
tumors. It was also reported that the therapeutic effect 
of adriamycin on liver malignancy can be significantly 
enhanced by its nanoparticle formulation and admi­
nistration via the hepatic artery[11,12]. However, up to 
date no study has reported on the therapeutic effect 
of nanoparticles combined with TACE for treating HCC 
in vivo or in clinic. Thus, our experimental study was 
designed to reduce tumor progression and recurrence 
by combination of transarterial administration of 
GRGDSP loaded nanoparticles with TACE by using 
sandwich technique in an animal model of HCC. Our 
experimental results showed that transarterial admi
nistration of GRGDSP loaded nanoparticles + TACE 
can significantly inhibit the growth of hepatic tumor 
and intrahepatic metastases. Lower expression of 
MMP-9 and VEGF in HCC was observed in the group A 
(TACE + GRGDSP loaded-nanoparticles) than in group 

5046 June 7, 2016|Volume 22|Issue 21|WJG|www.wjgnet.com

TACE + GRGDSP-NPs

TACE + GRGDSP

TACE alone

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Ra
tio

 (
V2

/V
1)

1, 2

2

Figure 2  The mean tumor growth ratio (V2/V1) by magnetic resonance 
imaging from each group. The mean tumor growth ratio (V2/V1) by 
MRI showed significant differences between group A (TACE + GRGDSP 
loaded nanoparticles), group B (control group 1, TACE + GRGDSP) and 
group C (control group 2, TACE alone) (P < 0.01). TACE: transarterial 
chemoembolization. 1Compared with group B (control group 1, TACE + 
GRGDSP); 2Compared with group C (control group 2, TACE alone).
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B (TACE + GRGDSP) and group C (TACE alone). The 
invasive progression and metastases of tumor cells in 
group A were noticeably inhibited compared with the 
control groups.

For application in TACE, lipiodol not only occludes 
the small arteries supplying the tumor, but can also 
be used as the carriers bringing the anticancer drugs 
to the tumor. Lipiodol can deliver cytotoxic agents 
directly into tumor cells and endothelial cells, enter 
into the microcirculation of the tumor and block 

the blood flow[26-28]. Anticancer drugs administered 
through TACE can escape first-pass metabolism and 
have a prolonged half-life[29]. Moreover, the currently 
synthesized GRGDSP loaded nanoparticles have a 
mean diameter of 107 nm. It was documented that 
the passive targeting ability of the nanoparticles 
depends on the vessel microstructures of target 
organs. The nanoparticles with a diameter ranging 
from 20 to 300 nm have also the ability to directly 
enter the hepatocytes[30].
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Figure 3  Immunohistochemical staining of VEGF in hepatocellular carcinoma in group A (TACE + GRGDSP loaded nanoparticles), group B (Control group 
1, TACE + GRGDSP) and group C (Control group 2, TACE alone) (magnification × 100). A: VEGF expression in hepatocellular carcinoma in group A. b: Higher 
expression of VEGF in hepatocellular carcinoma was observed in group B than in group A; C: Higher immunohistochemical expression of VEGF in hepatocellular 
carcinoma was observed in group C than in groups A and B. VEGF: vascular endothelial growth factor; TACE: transarterial chemoembolization.
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Figure 4  Immunohistochemical staining of matrix metalloprotein 9 in hepatocellular carcinoma in group A (TACE + GRGDSP loaded nanoparticles), 
group B (Control group 1, TACE + GRGDSP) and group C (Control group 2, TACE alone) (magnification × 100). A: Immunohistochemical staining of MMP-9 
in hepatocellular carcinoma in group A. B: Higher immunohistochemical expression of MMP-9 in hepatocellular carcinoma was observed in group B than in group A. 
C: Higher immunohistochemical expression of MMP-9 in hepatocellular carcinoma was observed in group C than in groups A and B. MMP-9: matrix metalloprotein 9; 
TACE: transarterial chemoembolization.

Table 1  Immunohistochemical expression of matrix metalloprotein 9 and vascular endothelial growth factor in hepatocellular 
carcinoma (%) in groups A and B

Group TACE + GRGDSP TACE + GRGDSP loaded nanoparticles P  value

Score 0 1 2 3 4 5 0 1 2 3 4 5

VEGF Tumor 3 13 28 20 20 16 29 5 18 20 18 10 0.000
MMP-9 Tumor 0   1 17 18 42 22   0 6 36 41 12   5 0.000

MMP-9: matrix metalloprotein 9; VEGF: vascular endothelial growth factor; TACE: transarterial chemoembolization.
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In conclusion, encouraging results were obtained 
by combining transarterial administration of integrin 
inhibitor loaded nanoparticles with TACE for treating 
HCC in rats in comparison with control groups, and 
may prove valuable to human application as a thera
peutic approach for the treatment of HCC. The com­
bined multimodal targeting therapies reveal their 
enormous advantages as compared with conventional 
interventional therapy alone. However, detailed the
rapeutic mechanisms, therapeutic indications, moni
toring and side effects of these combined therapies 
remain unclear and require more randomized experi
mental studies.
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