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Abstract
AIM: To estimate whether STI571 inhibits the expression 
of vascular endothelial growth factor (VEGF) in the 
gastrointestinal stromal tumor (GIST) cells.

METHODS: We used GIST cell line, GIST-T1. It has 
a heterogenic 57-bp deletion in exon 11 to produce a 
mutated c-KIT, which results in constitutive activation 
of c-KIT. Cells were treated with/without STI571 or 
stem cell factor (SCF). Transcription and expression of 
VEGF were determined by RT-PCR and flow cytometry 
or Western blotting, respectively. Activated c-KIT was 
estimated by immunoprecipitation analysis. Cell viability 
was determined by MTT assay.

RESULTS: Act ivat ion of c-KIT was inhib i ted by 
STI571 treatment. VEGF was suppressed at both the 
transcriptional and translational levels in a temporal and 
dose-dependent manner by STI571. SCF upregulated 
the expression of VEGF and it was inhibited by STI571. 
STI571 also reduced the cell viability of the GIST-T1 
cells, as determined by MTT assay.

CONCLUSION: Activation of c-KIT in the GIST-T1 
regulated the expression of VEGF and it was inhibited by 
STI571. STI571 has antitumor effects on the GIST cells 
with respect to not only the inhibition of cell growth. but 
also the suppression of VEGF expression.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) are characterized 
by the expression of  both c-KIT and CD34 on the cell 
surface. Mutations in c-kit have recently been implicated 
with oncogenic activation associated with GISTs[1,2]. c-KIT, 
a type III receptor tyrosine kinase, is activated upon 
binding of  the ligand, stem cell factor (SCF) to initiate 
a signaling pathway that is critical for the growth and 
development of  mast cells, melanocytes, hematopoietic 
stem cells, and the interstitial cells of  Cajal[3,4]. Gain-of-
function mutations in c-kit are associated with a number 
of  cancers in human beings[1,5-9]. The majority of  GISTs 
show constitutive c-KIT phosphorylation due to a gain-of-
function mutation in exon 11 (cytoplasmic juxtamembrane 
domain), with other mutations known to occur in 
exon 9 (extracellular membrane domain), exon 13 (first 
part of  the split tyrosine kinase domain), and exon 17 
(phosphotransferase domain)[8].

STI571 is a specific tyrosine kinase inhibitor that 
acts on Bcr-Abl, platelet-derived growth factor receptor 
(PDGFR), and c-KIT. STI571 has been used successfully 
in patients with unresectable or metastatic GISTs that 
show constitutive activation of  c-KIT[9].

Vascular endothelial growth factor (VEGF) is a highly 
specific mitogen for vascular endothelial cells that is 
induced by hypoxia, oncogene activation, and a variety 
of  cytokines. VEGF is important in angiogenesis and 
neovascularization of  solid tumor growth[10]. Expression 
of  VEGF in GISTs was reported by Takahashi et al [11], 
who suggested a correlation between this expression 
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and poor prognosis. It is thought that the assessment of  
VEGF expression in GISTs is important clinically.

In the present study, we have analyzed the expression 
of  VEGF in the GIST cell line, GIST-T1, with or without 
STI571 treatment. To our knowledge, there are only two 
GIST cell lines, including GIST-T1. The GIST-T1 line was 
established from a patient with metastatic GIST[12], which 
showed the c-kit mutation in exon 11. In addition, we 
have analyzed the effect of  STI571 on cell growth of  the 
GIST-T1 cells.

MATERIALS AND METHODS
Materials
STI571, also known as Glivec capsule (Novartis, Basel, 
Switzerland), was dissolved in water (5 μg/μL) and stored 
at –20 ̊ C. Antibodies were used to detect the c-KIT (K963, 
rabbit polyclonal IgG, Immuno-Biological Laboratories, 
Japan), phosphotyrosine (PY20, mouse monoclonal IgG, 
Zymed, USA), HIF-1 alpha (H-206, rabbit polyclonal IgG, 
Santa Cruz Biotechnology, USA), and VEGF (A-20, rabbit 
polyclonal IgG, Santa Cruz Biotechnology, USA).

Cells and cell culture
T he human GIST ce l l l i n e , GIST-T1 ha s been 
characterized in detail by Taguchi et al [12]. GIST-T1 cells 
and DLD-1 cells (colon adenocarcinoma cell line) were 
cultured in Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with penicillin, streptomycin, and 80 
mL/L fetal bovine serum maintained in a 50 mL/L CO2 
atmosphere at 37 ̊ C in a humidified incubator.

Western blot analysis                                                              
Cells were washed thrice with ice-cold phosphate buffered 
saline (PBS) and then lysed in RIPA buffer containing 
20 mmol/L sodium pyrophosphate, 20 mmol/L NaF, 
1 mmol/L orthovanadate, 2 mmol/L pyrophosphate, 
1 mmol/L PMSF, 10 μg/mL aprotinin, and 10 μg/mL 
leupeptin. Cell lysates containing comparable amounts of  
proteins, estimated by a Bradford assay (BioRad, Munchen, 
Germany), were analyzed by Western blotting using 
antibodies as listed above.
 
Immunoprecipitation analysis
A measure of  4×106 cells was seeded on 10-cm dishes and 

incubated for 24 h, prior to the treatment with STI571. 
Cells were treated with or without STI571 (1 μg/mL) for 
1 h. Treated cells were collected and washed with ice-
cold PBS thrice and lysed in RIPA buffer as described 
above. Cells lysates in RIPA buffer were subjected 
to immunoprecipitation with c-KIT antibody. The 
immunoprecipitates were reacted with protein A-agarose 
and washed with Tris buffered saline. They were then 
finally resuspended in 3×SDS sample buffer containing 
30 × DTT and boiled at 95 ̊ C for 5 min. Samples were 
separated by 75 g/L SDS-PAGE and transferred to a 
membrane for immunoblot analysis.

Isolation of RNA and detection of VEGF or HIF-1 alpha 
mRNA
A measure of  1×106 cells was seeded on 6-cm dishes and 
incubated for 24 h prior to the treatment with or without 
the reagents. Prior to the treatment with SCF, medium 
was changed to the serum-free medium. Treated cells 
were washed twice in ice-cold PBS and the total cellular 
RNA was isolated by using TRIzol reagent (Gibco-BRL) 
according to the manufacturer’s protocol. Specific mRNA 
was assayed using the reverse transcription polymerase 
chain reaction (RT-PCR). VEGF PCR condition[13]: 
denaturation at 94  oC for 1 min, annealing at 60  oC for 
1 min and elongation at 72  oC for 1 min, for 35 cycles; 
HIF-1 alpha[14]: denaturation at 94  oC for 10 min-1 cycle, 
followed by 35 cycles of  30 s at 94 oC, 30 s at 55 oC and 
1 min at 72 oC; beta-actin: denaturing, 94 oC for 30 s, 
annealing at 50 oC for 40 s and elongation, 72 oC for 1 min, 
for 30 cycles; and final elongation at 72 oC for 10 min-1 
cycle. PCR products were subjected to electrophoresis  
on 20 g/L agarose gel. The primer sequences were 

VEGF sense: 5’ -CGAAGTGGTGAAGTTCATGG
ATG-3’; VEGF antisense: 5’ -TTCTGTATCAGTCT
TTCCTGGTGA-3’; HIF-1 alpha sense: 5’ -CTCAAA
GTCGGACAGCCTCA-3’; HIF-1 alpha antisense: 5’ - 
CCCTGCAGTAGGTTTCTGCT-3’; beta-actin sense: 5’-A
TTGGCAATGAGCGGTTCCGC-3’; beta-actin antisense: 
5’-CTCCTGCTTGCTGATCCACATC-3’.

Flow cytometry
A measure of  2 × 106 cells was seeded on 6-cm dishes and 
incubated for 24 h, prior to the treatment with STI571 
for 4 h. Following this, a Goldi plug (BD Bioscience, 
San Diego, CA, USA) was added to each dish for 2-h 
incubation. Cells were then washed with ice-cold PBS twice 
before the treatment with cytoplex (BD Bioscience) and 
cytoperm (BD Bioscience) according to the manufacturer’
s protocols. Anti-VEGF, anti-HIF-1 alpha, and FITC-
labeled anti-rabbit antibodies were used. Normal rabbit 
IgG antibody and FITC-labeled anti-rabbit antibody were 
used for control staining.

MTT assay
A measure of  1 × 104 cells/100 μL was seeded in each 
well of  a 96-well plate. After 24 h with or without STI571 
treatment, 100 μL of  a 2.5 mg/mL solution in PBS of  the 
MTT (3,-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide; Sigma-Aldrich) tetrazolium substrate was 
added and incubated for 4 h at 37 ̊ C. The resulting violet 
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Figure 1  4×106 of GIST-T1 cells were treated with STI571 (1 μg/mL) for 1 h. 
Treated cells were lysed in RIPA buffer and immunoprecipitation with anti-c-KIT 
antibody as described in “Materials and methods”. Western blotting was performed 
using anti-phosphotyrosine antibody (upper panel) or anti-c-KIT antibody (lower 
panel). Lane 1, non-treated; lane 2, STI571 1 μg/mL. WB, Western blot; IP, immu-
noprecipitation.
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formazan precipitate was solubilized by the addition of  
100 μL of  a 50% N,N,-dimethyl formamide/10% SDS 
solution, and incubated for 4 h at room temperature. 
Sample absorbances were then measured on a plate reader 
at 570 nm.

Statistical analysis
Data were reported as mean ± SD. Statistics were analyzed 
with the Student’s t-test. A P value of  less than 0.05 was 
considered statistically significant.

RESULTS
Tyrosine phosphorylation of c-KIT
c-KIT in the non-treated cells was tyrosine phosphorylated 
(Figure 1, upper panel, lane 1) in the GIST-T1 cells. This 
phosphorylation was inhibited by STI571 treatment (Figure 
1, upper panel lane 2). c-KIT protein is also shown by 
Western blotting (Figure 1, lower panel).

Transcription of VEGF and HIF-1 alpha
RT-PCR detected the transcription of  VEGF or HIF-1 
alpha in the GIST-T1 cells. In the GIST-T1 cells, 
VEGF121 and VEGF165 isoforms were detected (Figures 
2A-2D). STI571 inhibited VEGF in a dose- and time-
dependent manner (Figures 2A and 2B). On the contrary, 
STI571 could not inhibit HIF-1 alpha (Figure 2F, lane 
2). SCF up-regulated VEGF (Figure 2C) but not HIF-1 

alpha (Figure 2F, lane 3). PD98 059, MEK inhibitor, 
did not inhibit the transcription of  VEGF (Figure 2D, 
lane 4). LY294002 and Wortmannin. both the inhibitors 
of  phosphatidylinositol 3-kinase (PI3K). also did not 
inhibit the transcription of  VEGF in the GIST-T1 cells 
compared to STI571 (Figure 2D, lanes 3 and 5). SCF (10 
ng/mL) upregulated the transcription of  VEGF in the 
colon adenocarcinoma cell line, DLD-1 (Figure 2E, lane 
3). However, in the case of  high concentration of  SCF 
stimulation (100 ng/mL for 6 h), transcriptions of  VEGF 
were downregulated in the DLD-1 cells (Figure 2E, lane 6).

Intracellular expression of VEGF and HIF-1 alpha in the 
GIST-T1
Flow cytometry was used to show that VEGF or HIF-1 
alpha was expressed in the non-treated GIST-T1 cells 
(Figures 3B and 4B). STI571 reduced the expression of  
VEGF (Figure 4C). SCF upregulated the expression of  
VEGF in the GIST-T1 cells (Figure 4D) and STI571 
inhibited the upregulation of  VEGF by SCF stimulation 
in the GIST-T1 cells (Figure 4E). HIF-1 alpha could not 
be influenced by STI571 treatment (Figure 3C). SCF also 
did not influence the expression of  HIF-1 alpha (data 
not shown). Western blotting revealed that VEGF was 
expressed as a 21-ku band, which was downregulated by 
ST1571 in a dose-dependent manner (Figure 5).

Effect of ST1571 on GIST-T1 cell viability
Cell viability of  the GIST-T1 cells was measured by MTT 
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Figure 2   RT-PCR, 1×106 GIST-T1 cells were treated with STI571 (0.01, 0.1, and 1 μg/mL) for 6 h (A) or 1 μg/mL of STI571 for 60, 120, and 360 min (B). A: Lane 1, non-
treated; lane 2, 0.01 μg/mL; lane 3, 0.1 μg/mL; lane 4, 1 μg/mL; B: lane 1, 0 min; lane 2, 60 min; lane 3, 120 min; lane 4, 360 min. GIST-T1 cells were treated with SCF (10 
ng/mL) for 1, 2, 6 h (C). C: lane 1, 0 h; lane 2, 1 h; lane 3, 2 h; lane 4, 6 h. GIST-T1 cells were treated with STI571 (1 μg/mL), LY294002 (50 μmol/L), PD98059 (50 μmol/L), 
or Wortmannin (100 nmol/L) for 6 h (D). D: Lane 1, non-treated; lane 2, STI571; lane 3, LY294002; lane 4, PD98059; lane 5, Wortmannin. 1×106 DLD-1 cells were treated 
with SCF in different concentrations for 6 h (E). E: Lane 1, non-treated; lane 2, SCF 5 ng/mL; lane 3, SCF 10 ng/mL; lane 4, SCF 15 ng/mL; lane 5, SCF 20 ng/mL; lane 
6, SCF 100 ng/mL. GIST-T1 cells were treated with STI571, SCF, or combination of both for 6 h to determine the transcriptional level of HIF-1 alpha (F). F: Lane 1, non-
treated; lane 2, STI571 1 μg/mL; lane 3, SCF 10 ng/mL; lane 4, SCF 10 ng/mL+STI571 1 μg/mL; lane 5, SCF 10 ng/mL+STI571 10 μg/mL.
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assay, which showed a reduction in viability following the 
treatment with STI571 to 37.9 ± 1.3%, 36.5 ± 1.7%, and 
36.3 ± 0.3% at the concentrations of  0.1, 1, and 2 μg/mL, 
respectively (P < 0.01 vs non-treated). Cell viability in the 
case of  non-treated cells was indicated as 100 ± 0.5%.

DISCUSSION
The present study demonstrated that the recently 
developed compound STI571 inhibited the tyrosine 
phosphorylation of  c-KIT in GIST-T1 tumor cells, as 
well as inhibiting both the transcription and translation 
of  VEGF. Tyrosine phosphorylation of  c-KIT was 
inhibited after 30 min treatment with STI571 at different 
concentrations (0.1 and 1 μg/mL), as assessed by Western 
blot analysis (data not shown). In contrast, Tuveson 
et al [15] reported that tyrosine phosphorylation of  another 
GIST cell line, GIST882, was not inhibited by a 1-h 
treatment with STI571 when used at 1 μmol/L (0.59 μg/
mL), as assessed by Western blot analysis. GIST882 has a 

500

400

300

200

100

   0

Co
un

ts M.F.I: 8.17

100              101               102               103              104

HIF-1alpha FITC

Figure 3   Expression of HIF-1 alpha was determined by flow cytometry. 2 × 106 
GIST-T1 cells were treated with/without STI571 as described in “Materials and the 
methods. A: Control (normal rabbit IgG); B: non-treated (HIF-1 alpha antibody); C: 
STI571 (1 μg/mL). MFI, mean fluorescent intensity.
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Figure 4  Expression of VEGF determined by flow cytometry. 2×106 GIST-T1 cells 
were treated with/without STI571 or SCF as described in “Materials and methods”. 
A: Control (normal rabbit IgG); B: non-treated (VEGF antibody); C: STI571 (1 
μg/mL); D: SCF (10 ng/mL); E: SCF (10 ng/mL)+STI571 (1 μg/mL). MFI, mean 
fluorescent intensity.
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homogenic mutation in the c-kit gene resulting in a K642E 
amino acid change and the constitutive activation of  
c-KIT[15]. On the other hand, GIST-T1 has a heterogenic 
57-bp deletion in exon 11 of  the c-kit mutation, and the 
c-KIT protein in the GIST-T1 cells constitutively activated. 
Furthermore, Frolvo et al[16] reported that STI571 inhibits 
the activation of  p44/42 mitogen activated protein kinase 
(p44/42MAPK) in GIST882 cells, but we could not detect 
the same effect in our cells following STI571 treatment 
(data not shown). Oncogenic Ras family proteins activate 
the p44/42MAPK pathway, and this activation contributes 
to the increased proliferative rate of  tumor cells[17]. 
Phosphorylated c-KIT also activates the p44/42MAPK 
pathway as well as plays a role in the process of  oncogenic 
activation[18]. MEK is upstream of  p44/42MAPK, and 
MEK inhibitors could inhibit the activation of  p44/
42MAPK. In our hands, the MEK inhibitor, PD98059, 
partially inhibited the activation of  p44/42MAPK (data 
not shown). These results suggested that activation of  
p44/42MAPK was independent of  the activation of  
c-KIT in GIST-T1 cells.

In a previous study, Ebos et al [19] reported that STI571 
reduced VEGF expression in the Bcr-Abl positive 
chronic myelogenous leukemia cells. They reported that 
activation of  Bcr-Abl played an important role in VEGF 
expression. In our study, RT-PCR and flow cytometry 
analysis revealed that both the transcription and translation 
of  VEGF in GIST-T1 cells were suppressed by STI571 
treatment. Western blot analysis revealed that STI571 
inhibited the expression of  VEGF for 12-h incubation. 
SCF activated c-KIT and upregulated the expression of  
VEGF. These results suggested that activation of  c-KIT 
was an important role in both the transcription and the 
translation of  VEGF in the GIST-T1 cells. Furthermore 
we investigated the signal transduction cascade which 
was involved in the expression of  VEGF in the GIST-T1 
cells using MEK inhibitor or PI3K inhibitors. In our 
study, PD98059, LY294002 and Wortmannin had no such 
effect on these cells. LY294002 and Wortmannin are both 
inhibitors of  PI3K and thereby inhibit activation of  the 
AKT pathway[20]. AKT promotes angiogenesis through 
eNOS activation[20]. STI571 inhibited the activation of  
AKT in GIST882 cells[16], but the same result was not 
obtained in our GIST-T1 cells by Western blotting (data 
not shown). These results suggested that neither the p44/
42MAPK nor PI3K signaling pathways are involved in the 
regulation of  VEGF expression in GIST-T1 cells.

Hypoxia inducible factor-1 (HIF-1) plays an important 
role in the expression of  VEGF in the malignant tumors. 
HIF-1 activity is primarily regulated by the levels of  

HIF-1 alpha in the cells[21]. In our study, transcriptional or 
translational levels of  HIF-1 alpha were not regulated by 
STI571 treatment or SCF stimulation.

c-KIT is expressed in the colon adenocarcinoma 
cell line, DLD-1[22]. It is clear that c-KIT regulates the 
expression of  VEGF in other cells. So, we observed 
whether c-KIT was involved in the upregulation of  the 
transcriptional levels of  VEGF using SCF in DLD-1 cells. 
SCF induced VEGF transcription at a concentration of  5–
10 ng/mL. These results suggested that the expression of  
VEGF might be concerned with the activation of  c-KIT.

MTT assay revealed that STI571 inhibited the cell 
viability of  GIST-T1 cells. Activation of  c-KIT in the 
GIST-T1 cells played an important role in cell survival 
signaling.

In conclusion, our results on the treatment of  
GIST-T1 cells with STI571 suggest that the expression 
of  VEGF in these cells might be regulated via the c-KIT 
signal transduction cascade. STI571 inhibited not only cell 
viability but also the expression of  VEGF in GIST-T1 
cells, and it could be a useful compound for GIST therapy. 
Further studies are required to investigate the mechanism 
underlying VEGF regulation in more detail.
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