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Abstract
AIM: To investigate the effect of N-desulfated heparin 
on tumor metastasis and angiogenesis, and expression 
of vascular endothelial growth factor (VEGF) of ortho-
topic implantation of human gastric carcinoma in male 
severe combined immune deficiency (SCID) mice. 

METHODS: Human gastric cancer SGC-7901 cells were 
orthotopically implanted into the stomach of SCID mice. 
The mice were randomly divided into normal saline 
group and N-desulfated heparin group. One week after 
operation, the mice in N-desulfated heparin group re-
ceived i.v. injections of N-desulfated heparin (Shanghai 
Institute of Cell Biology, Chinese Academy of Sciences, 
10 mg/kg.d) twice weekly for 3 wk. The mice in normal 
saline group received i.v. injections of normal saline (100 
μL) twice weekly for 3 wk. The mice were sacrificed six 
weeks after implantation. Tumor metastasis was evalu-
ated histologically for metastasis under microscope. In-
tratumoral microvessel density (MVD) and VEGF expres-
sion were evaluated immuohistochemically. VEGF mRNA 
expression in gastric tissue of SCID mice was detected 
by real time PCR.

RESULTS: The tumor metastasis rate was 80% in nor-
mal saline group and 20% in N-desulfated heparin group 
(P  < 0.05). MVD was 8.0 ± 3.1 in normal saline group 
and 4.3 ± 1.8 in N-desulfated heparin group (P  < 0.05). 
VEGF positive immunostaining was found in cytoplasm 

of cancer cells. The rate of VEGF positive expression was 
higher in normal saline group than in N-desulfated hepa-
rin treated group (90% vs  20%, P  < 0.05). VEGF mRNA 
expression was significantly inhibited by N-desulfated 
heparin and was higher in normal saline group than in 
N-desulfated heparin group (Ct value 19.51 ± 1.01 vs  
22.55 ± 1.36, P  < 0.05). N-desulfated heparin signifi-
cantly inhibited the expression of VEGF mRNA in can-
cer cells. No bleeding occurred in N-desulfated heparin 
group.

CONCLUSION: N-desulfated heparin can inhibit me-
tastasis of gastric cancer by suppressing tumor VEGF 
expression and tumor angiogenesis, but has no obvious 
anticoagulant activity.
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INTRODUCTION
Gast r i c ca rc inoma i s one of  the most f requent 
malignancies and is the leading cause of  cancer deaths 
in China. Up to now, there is no effective treatment 
for metastasis of  tumor. Recent studies showed that 
angiogenesis plays a crucial role in tumor growth and 
metastasis. The regulation of  angiogenesis is balanced by 
proangiogenic and antiangiogenic factors and is associated 
with prognosis of  patients with tumors. Inhibition of  
angiogenesis can control tumor metastasis and improve the 
prognosis[1-4]. Vascular endothelial growth factor (VEGF) 
and fibroblast growth factor-2 (FGF-2) are the main 



factors promoting angiogenesis, and anti-VEGF therapy 
is effective in inhibiting angiogenesis and metastasis of  
tumor[5-7]. 

Heparin, a highly sulfated proteoglan, has been extensively 
used as an anticoagulant drug for a long time. Aside 
from its anticoagulant action, heparin binds to various 
growth factors, cytokines, and extracellular proteins and 
consequently is able to affect migration of  cancer cells 
and angiogenesis in tumors. In vitro study[8] indicates 
that heparin can inhibit VEGF and FGF-2-induced 
proliferation of  vascular endothelial cells and vascular 
formation, while in vivo study[9] has demonstrated that 
heparin has antimetastatic activity. However, clinical use 
of  heparin in treatment of  tumor is limited by its strong 
anticoagulant activity, which may cause severe bleeding 
complications. Chemically modified heparin shows a 
significantly reduced anticoagulant activity and enhanced 
ability to interact with FGF, VEGF and hepatocyte growth 
factor, which are known to stimulate angiogenesis[10]. In 
this study, we investigated the effect of  N-desulfated 
heparin on tumor metastasis in mouse models of  human 
gastric cancer constructed by orthotopic implantation of  
histologically intact tumor tissue.

MATERIALS AND METHODS
Materials
Goat anti-human CD34 antibody and goat anti-human 
VEGF ant ibody were obta ined from Santa Cr uz 
Biotechnical Company. VEGF probe for real time PCR 
was provided by Daan Gene Company of  Zhongshan 
University.

Animal model
Male severe combined immune deficiency (SCID) mice 
were obtained from Shanghai Experimental Animal Center 
of  Chinese Academy of  Sciences. Animals used were 6 wk 
old and weighed 20-25 g. Human gastric cancer SGC-7901 
(Shanghai Cancer Institute), a poorly-differentiated 
adenocarcinoma line, was originally derived from a primary 
tumor and maintained by passage in the subcutis of  
nude mice. Animal models were made using orthotopic 
implantation of  histologically intact tissue of  human 
gastric carcinoma[11]. Tumors were resected aseptically. 
Necrotic tissues were cut and the remaining healthy tumor 
tissues were scissor minced into pieces (about 5 mm × 7 
mm in diameter) in Hank’s balanced salt solution. Each 
tumor piece was weighed and adjusted to be 150 mg. Mice 
were anesthetized with 4.3% trichloraldehyde hydrate. 
An incision was made through the left upper abdominal 
pararectal line. Then peritoneal cavity was carefully 
exposed and a part of  serosal membrane in the middle of  
the greater curvature of  stomach was mechanically injured 
using scissors. A tumor piece of  150 mg was fixed on 
each injured site of  the serosal surface. The stomach was 
returned to the peritoneal cavity, and the abdominal wall 
and skin were closed.

After metastatic models were made, the mice were ran-
domly divided into N-desulfated heparin group (n = 10) 
and normal saline group (n = 10). One week after opera-

tion, the mice in N-desulfated heparin group received i.v. 
injections of  N-desulfated heparin (Shanghai Institute of  
Cell Biology, Chinese Academy of  Sciences, 10 mg/kg.d) 
twice weekly for 3 wk. The mice in normal saline group 
received i.v. injections of  normal saline (100 μL) twice 
weekly for 3 wk. The mice were weighed twice weekly.

Sample collection and pathological examination
All animals were sacrificed 6 wk after implantation. An 
incision was made through the abdominal wall, and then 
peritoneal cavity was carefully exposed. Tumors growing 
on the stomach wall were removed and fixed in 10% 
formalin, and processed for routine paraffin embedding. 
Tissues from all organs and lymph nodes were collected 
and fixed in 10% formalin, and processed for routine 
paraffin embedding after careful macroscopic examination. 
Four-micron-thick sections were stained with hematoxylin 
and eosin, and evaluated histologically for liver metastasis 
or lymph node metastasis or other organ metastasis under 
microscope.

Mean microvascular density of tumor (MVD)
Immunosta in ing was perfor med us ing a l abe led 
streptavidin biotin method. Four-micron-thick sections 
were deparaffined in xylene and rehydrated with graded 
alcohol. Immunohistochemical staining was carried out 
to detect CD34 expression following the manufacturer’s 
protocol. The concentration of  anti-CD34 antibody was 
1:300. MVD (CD34-positive microvessels) was calculated 
under 200 fold microscope. The modified Weidner’s 
method was used for the evaluation of  MVD according to 
CD34 endothelial cell immunostaining. For the microvessel 
counting, positive stainings for MVD in 5 most highly 
vascularized areas in each section were counted in 200 ×
fields. MVD was expressed as average of  the microvessel 
count in the areas.

Detection of VEGF protein expression
Immunosta in ing was perfor med us ing a l abe led 
streptavidin biotin method. Four-micron-thick sections 
were deparaffined in xylene and rehydrated with graded 
alcohol. Immunohistochemical staining was carried out 
to detect VEGF expression following the manufacturer’s 
protocol. The concentration of  anti-VEGF antibody was 
1:60. Positive cells under 10% were defined as positive +, 
over 10% as positive ++. Positive expression was defined 
as positive + or positive ++. VEGF primers and probe 
used are VEGF f: GTTCGAGGAAAGGGAAAGGGTC, 
VEGF r: GCGAGTCTGTGTTTTTGCAGGA, VEGF 
probe: AGCGCAAGAAATCCCGGTTTAAATC.

Detection of VEGF mRNA expression
VEGF RNA was isolated by method of  Trizol. Synthesis 
of  the first strand cDNA was performed according to 
the instructions delivered with reverse transcription kit, 
using human VEGF antisense strand primers and reverse 
transcriptase. After 1 h incubation at 37℃, samples were 
heat inactivated for 3 min at 95℃ and kept at -80℃ until 
use.

Aliquots of  5 μL of  cDNA were amplified in a final 
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volume of  50 μL using PCR buffer at the presence of  1 
μL of  Taq DNA polymerase and 0.5 μL of  VEGF probe. 
Samples were amplified at 93℃ for 2 min, at 93℃ for 0.5 
min and at 55℃ for 1min followed by 40 cycles. Real time 
PCR was carried out in an automated real time PCR cycler 
(American ABI 7000).

Statistical analysis
All data were expressed as mean ± SD. Student’s t test 
and χ2 precise method were used to determine changes 
in different groups. P < 0.05 was considered statistically 
significant.

RESULTS
Inhibition of N-desulfated heparin on metastasis of human 
gastric cancer
All mice developed localized tumors at the implanted site 
which were poorly-differentiated adenocarcinomas under 
microscope. Tumor growth did not differ significantly 
between the animals treated with normal saline or with 
N-desulfated heparin. Of  the 10 animals treated with 
normal saline, 8 developed metastatic tumors in regional 
lymph nodes, 6 in liver, and 6 in other organs. However, 
after the mice were treated with N-desulfated heparin for 3 
wk, metastasis of  tumor was inhibited significantly. Of  the 
10 animals treated with N-desulfated heparin, 2 developed 
metastatic tumors in liver. The metastatic rate was higher 
in mice treated with normal saline than in those treated 
with N-desulfated heparin (80% vs 20%, P < 0.05). 

N-desulfated heparin had no significant effect on body 
changes in SCID mice. No bleeding complications were 
found in N-desulfated heparin group.

Effect of N-desulfated heparin on MVD
In normal saline-treated mice, many CD34 positively 
stained vessels were diffusely located and formed tube-like 
structures in tumor (Figure 1). However, they were almost 
absent in N-desulfated heparin- treated mice. The MVD 
was significantly lower in N-desulfated heparin-treated 
mice than in normal saline-treated mice (4.3 ± 1.8 vs 8.0 ± 
3.1, P < 0.05).

Effect of N-desulfated heparin on VEGF protein expression
Under microscope, VEGF positive immunostaining was 
found in cytoplasm of  cancer cells (Figure 2). The rate 
of  VEGF positive expression was higher in normal saline 
group than in N-desulfated heparin group (P < 0.05, Table 1).

Effect of N-desulfated heparin on VEGF mRNA expression
VEGF mRNA expression in gastric tissue of  SCID mice 
detected by real time PCR was higher in normal saline 
group than in N-desulfated heparin group (Ct value 19.51 
± 1.01 vs 22.55 ± 1.36, P < 0.05) (Figure 3).

DISCUSSION
Recent studies showed that angiogenesis is a critical 
determinant of  solid tumor metastasis, and antiangiogenic 
therapy plays an important role in improving prognosis 
of  patients with gastric carcinoma[12-14]. It was reported 
that low molecular weight heparin has significantly-

Table 1  Effect of N-desulfated heparin on VEGF expression in 
gastric cancer (mean ± SD)

Groups n - + ++ Positive rate (%)

Normal saline group 10 1 2 7 90
N-desulfated heparin group  10 8 1 1 20a

aP < 0.05 vs normal salt group.

Figure 1  CD34 expression in intratumoral endothelium of gastric cancer × 200. Figure 2  VEGF positive immunostaining in cytoplasm of gastric cancer cells × 
200.

Figure 3  VEGF mRNA expression in normal saline and N-desulfated heparin 
treated mice.
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reduced anticoagulant activity and enhanced ability to 
bind to FGF-2 and VEGF, thus inhibiting angiogenesis of  
tumor[15].

N-desulfated heparin, a modified heparin, is known 
to have more significantly-reduced anticoagulant activity 
(1/76 of  heparin) than O-desulfated heparin (5%-30% 
of  heparin) or N-acetylated heparin (10% of  heparin)[16]. 
There is no report so far on the effect of  N-desulfated 
heparin on tumor metastasis. Therefore, the effect of  
N-desulfated heparin on tumor metastasis, angiogenesis 
and VEGF expression was observed in mouse model 
of  orthotopic implantation of  human gastric carcinoma 
tissue.

In the present study, tumor metastasis was inhibited 
significantly by N-desulfated heparin. Szende et al [17] 

found that fraxiparine has a significant effect on lung 
metastases, while heparin does not influence metastasis. 
These data suggest that low molecular heparin may be of  
antimetastatic activity[18]. Kragh et al[19] reported that non-
anticoagulant heparin can inhibit tumor metastasis. 

 To evaluate the effect of  N-desulfated heparin on 
angiogenesis, immunohistochemical staining of  CD34 
in tumors was carried out. The results showed that 
N-desulfated heparin significantly inhibited angiogenesis 
in these tumors. Mousa et al[20] have demonstrated anti-
angiogenic activity of  the low molecular weight heparin, 
tinzaparin. Naggi et al[10] reported that N-acetylatedand 
and glycol-split heparins are potential antiangiogenic 
and antimetastatic agents which are more effective than 
unmodified heparin, suggesting that N-desulfated heparin 
can inhibit tumor metastasis by inhibiting angiogenesis.

 In the present study, the rate of  VEGF positive 
expression was higher in normal saline group than in 
N-desulfated heparin group and VEGF mRNA expression 
was higher in normal saline group than in N-desulfated 
heparin group, demonstrating that N-desulfated heparin 
can significantly inhibit the expression of  VEGF in cancer 
cells. Kakeji et al[21] showed that VEGF is expressed in 
early and advanced gastric cancer. Multivariate analysis 
has revealed that VEGF is an independent prognostic 
factor and an independent risk factor for liver metastasis. 
Fondevila et al[22] demonstrated that VEGF expression is 
an independent predictor of  tumor recurrence and survival 
following curative resection of  gastric cancer. Pisano et al[23] 
showed that undersulfated, low-molecular-weight glycol-
split heparin may be an antiangiogenic VEGF antagonist. 
In the present study, hemorrhage was never observed 
in N-desulfated heparin treated mice, suggesting that 
N-desulfated heparin has no obvious anticoagulant activity.

In conclusion, VEGF produced by cancer cells is an 
angiogenic factor in human cancer tissue and plays an 
important role in tumor metastasis. N-desulfated heparin 
inhibits tumor metastasis by inhibiting expression of  
VEGF and angiogenesis and can be used in the treatment 
of  tumor metastasis.
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