
10.47 mm3, and 61.75 ± 6.99 mm3 respectively. The 
immunohistochemical examination showed that the MVD 
in tumors treated with canstatin was significantly less 
than that in other group. 

CONCLUSION: These findings demonstrate that the 
rhCanstatin effectively retards the growth of pancreatic 
cancer in a dose-dependent manner through inhibiting 
angiogenesis and may be a promising therapeutic agent 
for pancreatic cancer treatment in the clinic.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
The prognosis of  patients with pancreatic cancer is poor, 
with or without treatment. The American National Cancer 
Institute (NCI) reported in its SEER Cancer Statistics 
Review that there are approximately 27 000 new cases of  
pancreatic cancer, resulting in around 26 000 deaths each 
year in the US. It is now the fourth most common cause 
of  cancer deaths in USA and among the top ten common 
causes of  cancer deaths in China. Being extremely 
aggressive, pancreatic cancer is often far advanced by 
the time symptoms occur, and a definitive diagnosis is 
established, with less than 20% resectable chance. The 
total 5-year survival rate is less than 5% from the time of  
diagnosis, although combination therapy has been accepted 
using radiation therapy or chemotherapy with or without 
surgery. Therefore, it is urgent to develop new treatment 
strategy for this malignant disease. 

Angiogenesis, the formation of  new capillary blood 
vessels, plays an essential role in normal and pathological 
processes, such as embryogenesis, wound healing and 
tumor growth[1-2]. Angiogenesis is also essential for the 
growth of  solid tumors and their metastases[3-4]. Solid 
tumors cannot grow beyond a few millimeters in diameter 
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Abstract
AIM: To examine the effect of canstatin, a newly 
discovered endogenous inhibitor of angiogenesis, in the 
treatment of pancreatic cancer in vivo . 

METHODS: The canstat in cDNA f ragment was 
synthesized and amplified from the total RNA extracted 
from human placenta tissues by RT-PCR. The resulting 
product was firstly cloned into pUCm-T vector, then into 
plasmid pET-22b (+) and transformed into E. coli  BL21. 
Isopropyl-1-thio-b-Dgalactopyran-oside (IPTG) was 
used to induce the expression of canstatin protein and 
affinity chromatography was used to purify the protein. 
To determine the activity of purified recombinant human 
canstatin (rhCanstatin), orthotopic xenograft human 
pancreatic cancer models were established. Human 
pancreatic cancer cells (SW1990) were injected into 
the pancreas of BALB/c nude mice. Twenty-four nude 
mice with orthotopic xenograft tumor were randomly 
divided into 3 groups 10 d after the inoculation, and 
were treated with PBS 0.3 mL, or canstatin 5 mg/kg, 
or 10 mg/kg per day for 3 wk intraperitoneally. When 
the experiment was over, all tumors were resected and 
the effects of rhCanstatin on tumor growth, microvessel 
density (MVD) were analyzed.  

RESULTS: After IPTG induction, SDS-PAGE showed a 
new monomeric 24 kDa protein band. This protein was 
purified through affinity chromatography and refolded 
through dialysis with a final concentration of 60 mg/L.  
In orthotopic pancreatic cancer models, the final tumor 
volume in groups treated with PBS, canstatin 5 mg/
kg, 10 mg/kg were 355.21 ± 39.54 mm3, 112.73 ± 
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without generation of  tumor vasculature. Furthermore, 
the denser the blood vessel formation, the higher the rate 
of  tumor growth and the greater the metastatic potential[5]. 
Extensive research has led to the identification and 
isolation of  several regulators of  angiogenesis, some of  
which represent therapeutic targets.

Canstatin, a 24-kDa NC1 domain of  the α2 chain 
of  type Ⅳ collagen, is a newly discovered endogenous 
inhibitor of  angiogenesis following the discovery of  
endostatin[6,7]. Previous studies have shown that canstatin 
efficiently suppresses the growth of  human prostate 
carcinoma and renal cell carcinoma in models, even more 
potent than endostatin[8]. However, it is still unknown 
whether canstatin is effective in the treatment of  
pancreatic cancer. In this study, we cloned canstatin DNA 
sequence, expressed and purified recombinant human 
canstatin (rhCanstatin) and detected its anti-tumor effects 
on pancreatic cancer. 

MATERIALS AND METHODS
Vectors, host bacteria and reagents 
E. coli DH5α was preserved in our laboratory. E. coli 
BL21 and plasmid expression vector pET-22b (＋) were 
purchased from the College of  Life Sciences of  Fudan 
University. pUCm-T vector was purchased from Shenergy 
Biocolor. BamHI, HindⅢ, T4 DNA ligase and DNA 
molecular weight marker were supplied by New England 
Biolabs. Protein marker was purchased from Shanghai 
Sangon Co. Trizol was provided by Jingmei Biotech. One-
step reverse transcription polymerase chain reaction (RT-
PCR) kit was purchased from Takara. Isopropyl-1-thio-b-
Dgalactopyranoside (IPTG), X-gal, plasmid mini kit, gel 
extraction mini kit and Coomassie Brilliant Blue R250 were 
purchased from Shanghai Watson. Nickelnitrilotriacetic 
acid-agarose column was purchased from Qiagen. The 
placental tissues were kindly provided by a woman who 
underwent caesarean operation in our hospital with 
informed consent. A pair of  gene specific primers was 
designed according to canstatin DNA sequence presented 
in GenBank.

The forward primer (5’-CGGGATCCTGTCAGCAT
CGCTACCTC-3’) and reverse primer (59-CCCAAGCT
TCAGGTTCTTCATGCACAC -3’) were synthesized by 
Shanghai Sangon.

Cell line, animals and antibody 
A human pancreatic cancer cell line SW1990 was preserved 
in our laboratory. Cells were maintained in culture in 
DMEM supplemented with 10% fetal bovine serum (FBS) 
and antibiotics (100 units/mL penicillin and 100 μg/mL 
streptomycin). BALB/c male nude mice were purchased 
from Institute of  Animal Center of  Chinese Academy of  
Sciences in Shanghai. Rat anti-mouse CD34 monoclonal 
antibody was purchased from Hbt Biotechnology. 

RNA isolation
The fresh human placental tissues were frozen in liquid 
nitrogen immediately after dissection. The total RNA 
was isolated from the tissues using trizol according to the 
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instruction. Pellets of  the total RNA were dissolved in 
diethyl pyrocarbonate-treated water and finally quantitated 
by measurement of  the optical density at 260 nm through 
spectrophotometer and stored at -80℃ before use.

Amplification of target sequences by RT-PCR 
The sequence encoding canstatin was amplified by RT-
PCR from the total RNA. RT-PCR was performed in a 
50 μL of  reaction system containing 10 × reaction buffer 
(5 μL), 25 mmol/L MgCl2 (10 μL), 10 mmol/L mixture 
of  four dNTPs (5 μL), 40 MU/L ribonucleases inhibitor 
1 μL, 5 MU/L AMV reverse transcriptase XL (1 μL), 5 
MU/L AMV-Optimized Taq DNA polymerase (1 μL), 25 
μmol/L forward primer (1 μL), 25 μmol/L reverse primer 
(1 μL), 1.8 g/L total RNA template (1 μL), ribonucleases 
free double distilled H2O (24 μL). RT-PCR conditions 
were: reverse transcription reaction at 50℃ for 40 min, 
initial denaturation at 94℃ for 2 min, 35 cycles, each cycle 
consisting of  denaturation at 94℃ for 40 s, annealing at 
52.6℃ for 40 s and extension at 72℃ for 1 min, and after 
the cycles a final extension at 72℃ for 5 min. The RT-PCR 
products were added to 6 × loading buffer, mixed and 
run on 1% agarose gel (0.5 μg/mL ethidium bromide). 
After electrophoresis at 100 volts for 40 min, the gel was 
examined under ultraviolet light and photographed. The 
PCR products were recovered from the gel following the 
instruction of  gel extraction mini kit.

Cloning of the PCR products
The ligation mixture included 10 × ligation buffer 1 μL, 
pUCm-T 1.5 μL, purified PCR products 6.5 μL and T4 
DNA ligase 1 μL. After incubated overnight at 16℃, 
3 μL of  the ligation reactions was used to transform 
the competent E. coli DH5α by electroporation. The 
transformed cells were gently spread over the surface 
of  the agar plate covered with IPTG and X-gal and 
containing appropriate ampicillin. The plate was inverted 
and incubated overnight at 37℃. 

Identification of bacterial colonies containing recombinant 
plasmids 
Six white single bacterial colonies were picked from the 
agar plate and then inoculated into different LB medium 
containing ampicillin with the final concentration of  100 
mg/L. The cultures were incubated overnight at 37℃ with 
vigorous shaking. Plasmid DNAs were isolated from each 
culture by the alkaline lysis method presented in the kit 
and then analyzed by gel electrophoresis after digestion 
with BamHI or HindⅢ. 

DNA sequencing 
The positive colony was sequenced on both strands 
with universal primers M13-/T7 by the Sanger Dideoxy-
mediated chain-termination method. The nucleotide 
sequence was compared with that in GenBank database.

Construction of prokaryotic expression vector 
The recombinant plasmid DNAs were extracted by the 
method described earlier, digested with both BamHI 
and HindⅢ, and finally ligated into predigested pET22b 



vector by T4 DNA ligase. Plasmid constructs encoding 
canstatin were transformed into E. coli BL21 through 
electroporation. The transformed cells were gently spread 
over the surface of  the agar plate containing ampicillin and 
incubated overnight at 37℃. Seven white single bacterial 
colonies were picked from the agar plate and grown in 
small-scale LB medium containing 100 mg/L ampicillin. 
Plasmid DNAs were isolated from each culture and 
restriction analysis was performed.

Expression of rhCanstatin 
An overnight bacterial culture was used to inoculate a 
200-mL culture into LB medium. This culture was grown 
for approximately 3.5 h until the cells reached an A600 
of  0.6. Then, protein expression was induced by addition 
of  IPTG to a final concentration of  0.5 mmol/L. After 
a 3-h induction, cells were harvested by centrifugation at  
12 000 × g. The expression level of  the protein was 
assessed by analysis on 12% SDS-PAGE gel followed by 
staining of  Coommassie Brilliant Blue R250. 

Purification and refolding of rhCanstatin 
The harvested cells were suspended in 1 mmol/L 
EDTA, 0.1 mol/L NaCl, 0.05 mol/L Tris-HCl, pH 8.0, 
sonicated briefly and centrifuged at 5000 g for 20 min 
at 4℃. The precipitated fraction was washed by 10 mL 
of  5 mmol/L imidazole, 0.5 mol/L NaCl, 0.02 mol/L 
Tris-HCl, pH 7.5 and again centrifuged at 5000 g for 20 
min at 4℃. The supernatant fraction was discarded. The 
sediment was lysed in 8 mol/L urea, 0.5 mol/L NaCl, 
0.02 mol/L Tris-HCl, pH 7.9 and passed over a 5-mL of  
nickelnitrilotriacetic acid-agarose column which had been 
equilibrated and washed with buffer 0 (8 mol/L urea, 0.5 
mol/L NaCl, 0.02 mol/L Tris-HCl, pH 8.0) at a speed of  
2 mL/min. The column was then stepwisely eluted by 15 
mL each of  10, 25, 50, 125 and 250 mmol/L imidazole in 
buffer 0. The eluted fraction was collected separately and 
analyzed on SDS-PAGE gel. The eluted protein between 
125 and 250 mmol/L imidazole was dialyzed three times 
against 2 liters of  PBS at 4℃. Protein concentration was 
determined by the BCA assay.

In vivo tumor studies 
Human pancreatic adenocarcinoma cells (SW 1990) were 
harvested from culture, and 1 × 107 cells in sterile PBS 
were injected into the pancreas of  4-wk-old male BALB/c 
nude mice. The tumors grew for 10 d, after which animals 
were divided into groups of  8 mice each and treated with 
PBS 0.3 mL, or canstatin 5 mg/kg, or 10 mg/kg per day 
for 3 wk. All agents were injected intraperitoneally. When 
the experiment was over, all tumors were resected. Tumor 
length and width were measured using a Vernier caliper, 
and the tumor volume was calculated using the standard 
formula: length × width squared × 0.5. 

CD34 immunohistochemistry
At the end of  treatment, mice were sacrificed, and the 
tumors were excised. The removed tumors were dissected 
with a scalpel into several pieces approximately 3-4 mm 
thick and then fixed in 4% paraformaldehyde for 24 h. 

Tissues were then transferred to PBS for 24 h before 
dehydration and paraffin embedding. After embedding in 
paraffin, 3-mm tissue sections were sliced and mounted. 
Sections were deparaffinized, rehydrated, and blocked 
with 10% rabbit serum. Next, slides were incubated at 
4℃ overnight with a 1:50 dilution of  rat anti-mouse 
CD34 monoclonal antibody, followed by two successive 
incubations at 37℃ for 30 min with 1:50 dilutions of  
biotin-conjugated secondary antibodies and HRP-
conjugated streptavidin. Finally, diaminobenzidine was 
used as the chromogen. All slides were counterstained with 
Meyer’s hematoxylin and observed under light microscope. 
Microvessel areas were quantified by manual counting of  
hotspots in sections, as described by Weidner et al[9]. 

Statistical analysis
Results were expressed as mean ± SE. Unpaired t test was 
used to compare different groups of  data as indicated. A 
2-tailed P value of  < 0.05 was considered significant.

RESULTS
Amplification of target sequences 
The extracted total RNA was separated into three clear 
bands indicating 28S, 18S, and 5S after agarose gel 
electrophoresis. When the sample was diluted 50 times by 
diethyl pyrocarbonate-treated water, the values of  A260 and 
A280 were 0.879 and 0.410 respectively with a A260:A280 ratio 
2.095 through spectrophotometer. So the concentration 
of  total RNA was 1.8 g/L according to the equation: total 
RNA concentration = 40 × A260 × dilution power/1000. 
The target sequences were specifically amplified through 
RT-PCR, showing a clear band near the location of  684 bp 
DNA on agarose gel (Figure 1). 

Cloning in plasmid vectors and identification of bacterial 
colonies
After recovered from the gel, the resulting RT-PCR 
products were ligated into pUCm-T vectors, and the 
pUCm-T/canstatin constructs were then transformed 
into E. coli DH5α. Both blue and white colonies appeared 
on the agar plate after an overnight incubation. Six white 
colonies were selected. Restriction analysis of  small-
scale preparations of  plasmid DNAs showed the plasmid 
DNAs in one white colony were separated into two bands 
near the locations of  primary plasmid and objective gene 
fragment after digested by HindⅢ but only one band near 
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Figure 1  Amplification products of human canstatin. Lane M: DNA marker; Lane 1: 
RT-PCR products. 
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the location of  primary plasmid after digested by BamHI 
(Figure 2). DNA sequencing demonstrated the sequence 
of  this cloned gene was completely homologous to the 
canstatin gene sequence represented in GenBank. 

Construction and identification of prokaryotic expression 
vector 
The canstatin cDNA was cut down from pUCm-T with 
BamHI and HindⅢ and ligated into the vector pET-22b (+). 
The resultant plasmid pET-22b (+)/canstatin was then 
transformed into E. coli BL21. White colonies appeared 
on LB agar plate after an overnight incubation. Seven 
of  them were picked and restriction analysis showed the 
plasmids DNA of  all selected colonies were separated into 
two specific bands, one of  which was the objective gene 
fragment (Figure 3).

Expression and purification of rhCanstatin 
After IPTG induction, SDS-PAGE analysis revealed a 
monomeric band at about 24 kDa. The relative quantitative 
values of  expressed products over total bacterial proteins 
after 3 h of  induction were 16.8 with the percentage of  
total protein 23.0% estimated by densitometry using 
Quantity One 4.1.1 protein analysis software (Figure 
4). RhCanstatin was eluted from the column with two 
concentrations of  imidazole (125 and 250 mmol/L). The 
concentration of  dialyzed rhCanstatin was 60 mg/L.

In vivo tumor experiments
Established orthotopic xenograft tumor models in mice 
were used to test the effectiveness of  canstatin as an 
inhibitor of  angiogenesis-dependent tumor growth. 
The final tumor volumes in groups treated with PBS, 
canstatin 5 mg/kg and canstatin 10 mg/kg were 355.21 ± 
39.54 mm3, 112.73 ± 10.47 mm3, and 61.75 ± 6.99 mm3 
respectively (Figure 5A), and the tumor weights were 0.64 
± 0.08 g, 0.21 ± 0.02 g, and 0.12 ± 0.02 g respectively. 
The immunohistochemical examination showed that the 
MVD in tumors treated with canstatin 5 mg/kg (27.4 ± 
6.1) or 10 mg/kg (20.2 ± 4.1) was significantly less than 
that in PBS group (40.2 ± 7.4) (Figure 5B). This decrease 
in tumor size was consistent with a decrease in CD34-
positive vasculature (Figure 5C and D). In all of  the in vivo 
studies, mice appeared healthy with no signs of  wasting, 
and none of  the mice died during treatment.

DISCUSSION
Pancreatic cancer is a major cause of  morbidity and 
mortality worldwide. It is an extremely life-threatening 

neoplasm due to its late diagnosis, rapid progression and 
resistance to chemo- and radiotherapy. Statistics data 
show it is the fourth leading cause of  cancer death in the 
USA, with a median survival of  less than 6 mo, and a 
5-year survival rate of  less than 5%[10,11]. Despite the great 
improvements in conventional therapy, including surgery, 
chemotherapy and radiotherapy, the mortality of  this 
disease remains almost unchanged. There is, therefore, an 
urgent need for novel treatment strategies for this deadly 
disease.

Antiangiogenesis therapy is a new and attractive target 
for tumor therapy. By interrupting new vessel formation, 
tumor growth can be effectively arrested[12-16]. Compared 
to conventional therapy such as chemotherapy, anti-
angiogenesis has several advantages theoretically[17,18]. 
Firstly, it has lower toxicity. Second, tumor vasculature is 
less mature and more sensitive to inhibiting agents than 
normal vessels. Third, due to the low mutagenesis rate 
of  normal cell type, the endothelial cell is less likely to 
counteract therapeutic drugs through development of  
multi-drug resistance mechanisms. Fourth, drugs have easy 
access to their therapeutic target. In antiangiogenic therapy 
the target cells are those which constitute vessel walls, so 
intravenous antiangiogenic agents act on these cells directly. 
Fifth, antiangiogenic therapy has an inherent ‘amplification’ 
mechanism. Successful interference with only a few 
endothelial cells may lead to disruption of  a whole vessel. 
Loss of  a single vessel may deprive a significant number 
of  tumor cells of  essential nutrients, leading to cell death. 
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Figure 2  Restriction analysis of 
plasmid pUCm-T/canstatin. Lane 
M: DNA marker; Lane 1: plasmid 
pUCm-T/ canstatin; Lane 2: pUCm-T/ 
canstatin digested by BamHⅠ; Lane 
3: pUCm-T/canstatin digested by  
HindⅢ.
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Figure 3  Restriction analysis of plasmid pET-22b(+)/canstatin. Lane M: DNA 
marker; Lanes 1 to 7: plasmid DNAs of seven selected colonies digested by both 
BamHⅠ and HindⅢ.

Figure 4  SDS-PAGE gel electrophoresis of purified protein. Lane M: protein 
marker; lane 1: total bacterial protein; lane 2: 10 mmol/L imidazole elution; lane 
3: 25 mmol/L imidazole elution; lane 4: 50 mmol/L imidazole elution; lane 5: 125 
mmol/L imidazole elution; lane 6: 250 mmol/L imidazole elution.
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In light of  these, this new therapy concept has aroused 
much attention and fueled the development of  novel anti-
angiogenic agents.

Despite some initial setbacks and negative clinical trial 
results, major progress has been made over the past few 
years in targeting angiogenesis for human cancer therapy. 
In Feb 2004, the US Food and Drug Administration 
(FDA) approved bevacizumab, a humanized anti-VEGF 
(vascular endothelial growth factor) monoclonal antibody, 
for the treatment of  metastatic colorectal cancer, following 
a phase Ⅲ study showing a survival benefit[19]. In Dec 
2004, the FDA approved pegaptinib, an aptamer that 
blocks the 165 amino-acid isoform of  VEGF-A, for the 
treatment of  the wet (neovascular) form of  age-related 
macular degeneration (AMD)[20]. Angiogenesis inhibitors 
for the treatment of  cancer have now been approved by 
the FDA in the US and in 28 other countries, including 
the European Union. When Avastin was approved in the 
US, Mark McClellan, the Director of  the FDA, stated that: 
‘‘Angiogenesis inhibitors can now be considered as the 
fourth modality of  cancer therapy.’’

Canstatin, derived from the C-terminal globular non-
collagenous (NC1) domain of  the α2 chain of  type Ⅳ 
collagen, is a new endogenous inhibitor of  angiogenesis, 
which has been shown to successfully suppress the growth 
of  implanted human prostate carcinoma and renal cell 

carcinoma in mice, even more potent than endostatin[21,22]. 
In the present study, placental tissues with abundant 

vessels were chosen to extract total RNA. And we 
successfully constructed a prokaryotic expression system 
to express rhCanstatin protein. E. coli was used as host 
bacteria because of  its ability of  rapid growth, well-
characterized genetic background, high expression level, 
and cheapness, which is considered as the most attractive 
and ideal system for heterologous protein expression. The 
pET-22b (+) vector, as the expression vector, carries an 
N-terminal pelB signal sequence plus C-terminal His•Tag® 
sequence[23,24]. In our study, the resulting cDNA fragment 
was digested with BamHI and HindⅢ and ligated into 
predigested pET-22b (+).This placed canstatin downstream 
of  and in-frame with the pelB leader sequence, allowing 
for periplasmic localization and expression of  soluble 
protein. The 3’ end of  the sequence was ligated in-
frame with the polyhistidine tag sequence which also 
facilitated the purification of  this target protein. After 
IPTG induction, SDS-PAGE analysis revealed a 24 kDa 
monomeric band, demonstrating the successful expression 
of  target protein. Through affinity chromatography and 
dialysis, the production of  rhCanstatin was purified and 
refolded with a final concentration of  60 mg/L and chick 
chorioallantoic membrane (CAM) assay demonstrated that 
rhCanstatin successfully inhibited newly formed blood 

450

400

350

300

250

200

150

100

50

0
PBS Canstain

5 mg/kg
 Canstain
10 mg/kg

Tu
m

or
 v

ol
um

e

A 50

PBS Canstain
5 mg/kg

 Canstain
10 mg/kg

M
VD

B
45

40

35

30

25

20

15

10

5

0

C D

Figure 5  In vivo antitumor effects in a xenograft model. The in vivo antitumor effect of the canstatin was analyzed in a SW1990 human pancreatic cancer cell orthotopic 
xenograft model. A: Tumor volumes in different groups: Canstatin 5 mg/kg or 10 mg/kg treatment showed a significantly stronger anti-tumor effect, compared with the PBS 
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vessels in a dose-dependent manner.
Moreover, in vivo experiments showed that rhCanstatin 

successfully inhibited the growth of  human pancreatic 
tumors by 3.15 fold or 5.75 fold at the dose of  5 mg/kg 
or 10 mg/kg respectively compared with placebo-treated 
mice. And this decrease in tumor size was consistent with 
a decrease in CD34-positive vasculature. Our findings 
demonstrate that rhCanstatin suppressed the growth of  
pancreatic cancer through inhibition of  angiogenesis in 
a dose-dependent manner and suggest it may be a new 
potent anti-tumor agent for these patients. These findings 
add meaningful information to our understanding of  the 
biological activity of  rhCanstatin. 

In conclusion, our findings verify the viewpoint that 
angiogenesis is an important target for cancer therapy. 
Animal tumor experiments demonstrate that the soluble 
rhCanstatin with antiangiogenic activity is a potential 
agent for pancreatic cancer therapy. It is meaningful to 
explore the applications of  rhCanstatin in clinical use and 
study how to achieve the most effective combinations 
of  antiangiogenic agents with chemotherapy or other 
biological agents in future.
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