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Abstract: This study was to investigate inhibiting effect of angiogenesis inhibitor SU6668 in combination with 5-Fu on 
liver metastasis from human colon cancer. Results showed that metastasis rates in SU6668+5-Fu group, SU6668 
group, 5-Fu group decreased obviously (P<0.01). Compared with 5-Fu group and control group, microvessel density 
significantly decreased in SU6668+5-Fu group and SU6668 group (P<0.05). Vascular endothelial growth factor and 
base fibroblast growth factor reduced obviously in SU6668+5-Fu group, SU6668 group and 5-Fu group compared 
with control group, and there were significant differences among SU6668+5-Fu group, SU6668 group and 5-Fu 
group (P<0.05). Thus, SU6668 can inhibit liver metastasis from colorectal cancer through anti-angiogenesis, and it 
would have a synergistic effect in combination with 5-Fu. Therefore, SU6668 combined with 5-Fu could be consid-
ered as a safe and effective antitumor strategy.
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Introduction

Colorectal cancer is a common and highly 
malignant gastrointestinal cancer, and can be 
treated by surgery with chemoradiotherapy as 
auxiliary treatment. However, the outcome is 
not ideal, and the postoperative liver metasta-
ses occur easily to cause relapse [1]. Data indi-
cated that about 20% to 40% of the patients 
had liver metastases when clinically diagnosed; 
the incidence of liver metastasis following radi-
cal resection of colorectal cancer was still up to 
40% to 50%, while liver metastasis occurred in 
more than 50% of the colorectal cancer-associ-
ated mortality [2]. Inhibition of liver metastasis 
was proved to significantly improve the thera-
peutic outcomes of colorectal cancer, as well 
as patients’ survival and life quality. In clinic, 
the hepatectomy method was often used to 
cure liver metastasis from colorectal cancer. 
However, only 10% to 20% patients with liver 
metastasis from colorectal cancer are suitable 
for direct hepatic resection so far [3]. The 
growth, metastasis and relapse of colorectal 
cancer are angiogenesis-dependent. Therefore, 

antiangiogenic cancer therapy of angiogenesis 
inhibitors for colorectal cancer can be adopted 
to induce apoptosis in cancer cells, making the 
tumors remain in a dormant state, so that the 
growth, metastasis and relapse of colorectal 
cancer can be effectively inhibited [4]. In the 
present study, on an animal model of liver 
metastasis from colorectal cancer established 
by splenectomy, immunochemical tests were 
performed to detect the expressions of 
microvessel density (MVD), vascular endotheli-
al growth factor (VEGF) and base fibroblast 
growth factor (bFGF) protein in liver metastasis 
from colorectal cancer, as so to investigate the 
efficacy of angiogenesis inhibitor SU6668 in 
the treatment of liver metastasis from colorec-
tal cancer.

Materials and methods

Cell lines and culture

Human colorectal cancer cell line HT-29 were 
kindly provided by Dr. Jia Xiaoqing from Qilu 
Hospital of Shandong University and grown in 
RPMI Medium 1640 containing 10% fetal calf 
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serum (Gibico, USA); the culture contained 100 
U/ml of penicillin and streptomycin each and 
was monolayer cultured in a saturated humidity 
incubator at 37°C and 5% CO2. The cultured cell 
line was digested by 0.25% trypsin and under-
went digestion and passage, before entering 
the exponential growth phase. The experimen-
tal cells were stained by using 0.4% trypan 
blue, with a dye exclusion rate >95%.

Experimental animals

BALB C, nu/nu female nude mice (5-6 weeks 
old and weighted 19 to 22 g) were purchased 
from the Institute of Laboratory Animal Scien- 
ces, CAMS&PUMC (Animal quality certificate 
no: Beijing 017) and reared under SPF condi- 
tions.

Major reagent

SU6668 was a product from Sugen, Inc. (U.S.). 
Polyclonal rabbit anti-mouse VEGF antibody, 
polyclonal bFGF antibody, monoclonal CD34 
antibody, SABC kit and DAB chromogenic kit 
were all purchased from Wuhan Boster 
Biological Technology, Ltd.

Establishment and randomization of the 
models

Liver metastases from colorectal cancer mod-
els were established according to the splenec-
tomy method proposed by Huang et al. [5]. 
Such animal models were well mimicking clini-
cal signs of liver metastasis following radical 
operation of colorectal cancer, without con-
comitant induction of spleen metastasis during 
the formation of liver metastasis [6]. 48 nude 
mice were randomized into 4 groups by using a 
random number table; each group contained 
12 mice. 0.1 ml of HT-29 cell suspension (con-
taining 1 × 106 cells) were injected into the 
spleen of each nude mouse and the injections 
were finished within 1 min. 1 week after inocu-
lation, the 4 groups of mice received once daily 
intraperitoneal injections of saline (control 
group), fluorouracil (30 mg/kg, 5-Fu group), 
SU6668 (200 mg/kg, SU6668 group) and 5-Fu 
combined with SU6668 (5-Fu 30 mg/kg, 
SU6668 200 mg/kg, 5-Fu+SU6668 group), 
respectively, for a total course of six weeks.

Growth of abdominal tumors

Neither diet nor drinking restriction was 
imposed on mice after inoculation. The mice 

remained usual activity, without any obvious 
changes in physical appearance. Body weights, 
spiritual status and dietary status were 
observed daily. On Week 7, all the nude mice 
were sacrificed by dislocating their vertebrates, 
for observing the metastasis of abdominal 
tumors; tumor nodules on the liver surface 
were counted by naked eyes while those in liver 
section were counted under light microscope. 
The livers of nude mice were removed and fixed 
with 10% neutral formalin to prepare paraffin-
embedded tissue sections (4 μm); a total of 6 
coronal sections were prepared and each sec-
tion was separated by 0.4 cm; by using the larg-
est coronal section as the center, microscopic 
counting was performed. Nodules that appe- 
ared on different sections were counted as 1 
nodule. The sum of gross and microscopic 
counting was taken as the final number of liver 
metastatic nodules; a negative test referred to 
as no metastatic nodule revealed under gross 
or microscopic observation.

Judgment criteria of immunohistochemical fin- 
dings

The expressions of MVD, VEGF and bFGF pro-
teins in the liver metastasis tissues were 
detected by using the SABC method. For VEGF 
and bFGF staining: 100 cells were counted 
under high power field, if the number of positive 
cells (brown cytoplasm) positive cells <5%, the 
results was considered negative; otherwise 
(≥5%), the result was considered positive. The 
average gray scale and pixel area of VEGF in the 
tumor tissues were determined by using an 
IBSA 2.5 automatic image analysis system 
(KONTRON, Germany) and converted into posi-
tive unit (PU) according to formula; the PU val-
ues were used to quantize the VEGF and bFGF 
expressions. MVD counting was conducted 
according to the following method: 5 areas with 
the highest density of blood vessels in the 
tumors were localized at first under 100 × light 
microscope; afterwards, MVD was counted 
under 200× microscope; any yellow-stained 
cells or cell clusters was calculated as one MVD 
value, even if without demonstration of a tubu-
lar structure [7].

Statistical analysis

Pre-experimental weight, changes in weight 
after experiment, VEGF and bFGF expressions 
and MVD counts were tested by One-way 
ANOVA; while the rates of liver metastasis 
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Table 1. Liver metastasis rates and number of metastatic nodules in vari-
ous groups

Groups Cases (n) Liver metastasis rate (%)
Number of metastatic nodules (n)
1≤n<10 10≤n<20 n≥20

Control 12 100 0 4 8
5-Fu 12 75 1 3 5
SU6668 12 41.7 1 1 3
Combined 12 25 1 1 1

among different groups and the proportionali-
ties of nude mice with different number of met-
astatic nodules were both compared by using 
χ2 test; all the data were processed by using 
SPSS10.0 statistical software.

Results

Changes in the living conditions and body wei- 
ghts of mice

All the 48 mice survived after the operation. On 
Day 3 after operation, weight loss was observed 
in some nude mice in every group; the body 
weights restored to the pre-operative levels on 
Day 7. On Day 20 post operation, decreased 
body weight, weight loss and slow motion were 
observed in some nude mice in the control 
group, 2 of these mice exhibited the manifesta-
tions of malignancy and died on Day 24 and 27, 
respectively; another mouse had slight ascites. 
In the other groups, all the nude mice depicted 
excellent dietary and activity status, while the 
body weights were slightly increased at the end 
of experiment. The changes in body weights 
between the pre-experimental and the post-
experimental readings were statistically insig-
nificant (P>0.05).

Liver metastasis in various groups

Most of the nude mice with liver metastasis 
manifested as multiple gray nodules on the 
liver surface, with decreased liver volume and 
hardened liver tissues. In some mice, although 
no tumor nodule was observed on liver surface, 
tiny (sesame like) metastatic foci were visible 
on coronal sections. The healthy liver tissues 
were brightly red and soft, without any visible 
nodules under naked eyes or microscope. The 
liver metastasis rates and number of metastat-
ic nodules in various groups were shown in 
Table 1. The metastasis rates showed a 
descending order and the inter-group differ-
ences were statistical significant (P<0.01); 

When the number of 
nodules is larger than 
20 in the control 
group, the difference 
in the number of liver 
metastatic nodules 
among various groups 
were statistically sig-
nificant (P<0.01).

Expressions of VEGF, 
bFGF and MVD in liver metastatic tissues

As shown in Table 2, both the combined treat-
ment group and the SU6668 group showed sig-
nificantly decreased MVD (P<0.05) when com-
pared with the 5-Fu group and the control 
group, respectively; although mice in the 5-Fu 
group had lower MVD counts than those in the 
control group (P>0.05). When compared with 
the control group, the combined treatment 
group, the SU6668 group and the F-5u group 
showed significantly decreased VEGF and bFGF 
levels; and also the inter-group differences 
among the combined treatment group, the 
SU6668 group and the F-5u group were statis-
tically significant (P<0.05).

Discussion

Metastasis and recurrence are the leading 
causes of treatment failure of colorectal can-
cer; the novel anti-angiogenesis therapy pro-
vides a new approach for the treatment of 
colorectal cancer. There are two phases of 
tumor growth, namely, the avascular stage and 
the vascular stage When the volume of a solid 
tumor ≥2 mm, the growth of its central portion 
requires supply of oxygen and nutrients from 
the blood vessels; At the same time, the tumor 
cells start to infiltrate the peripheral tissues 
and invade the distant tissues via blood and 
lymphatic vessels, eventually resulted in forma-
tion of metastatic foci in the secondary regions 
[8]. The higher permeability of the neocapillary 
increases the chance for tumor cells entering 
the circulation; hence, early inhibition of angio-
genesis in primary tumors could prevent tumor 
cells from entering the circulation and force the 
tumor cells into dormancy by blocking angio-
genesis, so as to inhibit the metastasis.

SU6668 is a small-molecules oxindole receptor 
tyrosine kinases (RTK) inhibitor targeting at 
VEGF, bFGF and PDGF (platelet derived growth 
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Table 2. Expressions of VEGF, bFGF and MVD 
in liver metastasis liver tissues (n=12, _x±s)
Group MVD VEGF (PU) bFGF (PU)
Control 33.84±7.56 18.04±4.20 16.42±4.64
5-Fu 29.65±6.32 14.32±4.33 12.05±3.86
SU6668 18.24±5.06 10.18±2.44 9.66±3.20
Combined 12.22±3.48 7.20±1.98 7.08±2.34
Footnotes: MVD: microvessel density; VEGF: vascular 
endothelial growth factor; PU: positive unit; bFGF: base 
fibroblast growth factor.

factor) [9-11]. It could act on multiple targets 
simultaneously, to block the synthesis and 
release of vascular endothelial growth factor 
and exert its anti-tumor effect through its anti-
angiogenic properties [12, 13]; however, the 
product does not directly act on tumor cells 
[14]. As a novel angiogenesis inhibitor, SU6668 
has grasped widely attention and its Phase I 
clinical trials have proved its safety and non-
toxicity [15-18].

The inhibitory efficacy of SU6668 on the growth 
and metastasis of orthotropic implanted colo- 
rectal cancer in nude mice have been proved in 
a previous study [14]. In the present study, by 
establishing a nude mice liver metastasis from 
colorectal cancer mode, it showed that not only 
both the liver metastasis rates and the number 
of metastatic nodules reduced in the nude 
mice after SU6668 treatment, but the expres-
sions of MVD, VEGF and bFGF metastatic tumor 
tissues also significantly decreased, suggest-
ing that SU6668 exerted the anti-metastasis 
effect mainly by its anti-angiogenic properties. 
5-Fu was able to inhibit, to a certain degree, the 
formation of new blood vessels by killing tumor 
cells and reducing VEGF/bFGF secretion, and 
thus leading to reduce liver metastasis. In vari-
ous treatment groups, liver metastasis was all 
markedly inhibited, and such inhibition was 
particularly more obvious in the 5-Fu+SU6668 
group, suggesting that SU6668 had not only 
strong inhibitory effect against metastasis of 
colorectal cancer, but also could synergistically 
acted with conventional chemotherapy drug in 
combination. Since SU6668 targets at vascular 
endothelial cells, which are unlikely to mutate 
due to its higher genetic stability, SU6668 anti-
tumor therapy is unlikely to develop drug resis-
tance. Combined therapy of SU6668 and other 
angiogenesis inhibitors with conventional che-
motherapy or radiotherapy will cause an active 
effect and be a spotlight in the futures studies 

on its application. Zhang et al. [19] reported a 
potential improvement in the efficacy of con-
ventional chemotherapy and radiotherapy if 
combined with SU6668; In patients at tumor 
regression period following surgical treatment, 
medication of an angiogenesis inhibitor (e.g. 
SU6668) has the potential to force the micro-
metastatic loci into dormancy, so as to inhibit 
the growth of residual lesion, and even to cure 
clinical recurrence/distant metastasis caused 
by small lesions, and thus reaching an unprec-
edented efficacy for subclinical cancer trea- 
tment.

In conclusion, by inhibiting formation of tumor 
blood vessels, angiogenesis inhibitor SU6668 
had strong inhibitory effect against liver metas-
tasis from colorectal cancer in nude mice and 
could synergistically act with the conventional 
chemotherapy drug, and thus it could be con-
sidered as a new approach for clinical treat-
ment of liver metastasis from colorectal can- 
cer.
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