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Angiogenesis is important in the growth and metastasis of various kinds of solid tumors. To investigate the
potential role of angiogenesis in gastrointestinal stromal tumor (GIST), an immunohistochemical analysis
was performed in 95 cases of GISTs for microvessel density (MVD) and vascular endothelial growth factor
(VEGF) expression. MVD was evaluated with immunohistochemical staining for CD31. A high level of MVD was
significantly correlated with overexpression of VEGF, tumor location (intestine4stomach), tumor size (Z5 cm),
tumor grade (high4intermediate4low grade) (P¼o0.0001, 0.0422, 0.0006, 0.0359, respectively). Of the 70 GISTs
analyzed, KIT exon 11 mutations were detected in 45 cases (64.3%) and KIT exon 9 mutations in two cases
(2.9%). No mutations were found in KIT exons 13 and 17, and platelet-derived growth factor receptor-alpha
exons 12 and 18. Interestingly, VEGF expression level was significantly higher in the non-KIT exon 11 mutant
group than in the KIT exon 11 mutant group (P¼ 0.0266). In univariate analysis, tumor grade (high grade),
tumor size (Z5 cm), mitotic count (Z5/50 high-power fields), Ki-67 labeling index (Z4.6%), MVD (Z7.0/0.95mm2)
and VEGF expression (high) were significantly associated with a shorter period of disease-free survival
(P¼o0.0001, 0.0199, 0.0055 0.0027, 0.0028 and 0.0302, respectively). In multivariate analysis, tumor grade and
MVD were identified as independent worse prognostic factors (P¼ 0.0007, 0.0152, respectively). In conclusion,
our results suggest that the evaluation of MVD and VEGF expression is useful for predicting the aggressive
biologic behavior of GIST, and that angiogenesis associated with VEGF may play an important role, at least in
part, in the progression of GIST.
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Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumor of the gastrointestinal
tract.1 The stomach is the most frequent site of
origin, followed by the small intestine. GISTs
express the receptor tyrosine kinase KIT. In recent
years it has been established that 75–90% of GISTs
harbor a gain of function mutation of the KIT gene at
exons 9, 11, 13 and 17.2–5 Moreover, recent studies
have described activating mutations of platelet-
derived growth factor receptor-alpha (PDGFRA) at
exons 12 and 18 in a minor subset (approximately
5–7%) of GIST.6 Although GISTs exhibit a spectrum

of biologic behavior from benign to malignant, the
molecular mechanism of tumor progression has not
been fully clarified. Previous studies have reported
the prognostic significance of tumor size, mitotic
counts, tumor grade, Ki-67 labeling index (LI),7

KIT mutation type,4,8,9 p16 inactivation10 and over-
expression of cell-cycle regulators such as cyclin A,
cyclin B1 and cdc2.11

Angiogenesis is one of the key steps in the growth
and metastasis of solid tumors.12,13 Angiogenesis
is induced by the paracrine release of angiogenic
molecules from tumor cells and stromal cells.
Vascular endothelial growth factor (VEGF) plays a
major role in promoting tumor angiogenesis.14,15

Interestingly, a recent cDNA microarray study
showed that the VEGF mRNA level in KIT-wild
GIST was higher than that in KIT mutant (exon 11
or 9) GIST.16 However, there has been no study of the
association among KIT mutation type, angiogenesis
and VEGF expression in GISTs.

Received 22 September 2006; revised 16 January 2007; accepted
18 January 2007; published online 2 March 2007

Correspondence: Dr H Yamamoto, MD, Department of Anatomic
Pathology, Pathological Sciences, Graduate School of Medical
Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku,
Fukuoka 812-8582, Japan.
E-mail: hidetaka@surgpath.med.kyushu-u.ac.jp

Modern Pathology (2007) 20, 529–537
& 2007 USCAP, Inc All rights reserved 0893-3952/07 $30.00

www.modernpathology.org



Imatinib mesylate (Gleevec/Glivec) is the tyrosine
kinase inhibitor targeting KIT and PDGFRA in GIST.
Recent data have shown a correlation between the
effect of imatinib and the type of KIT mutation;
tumors with KIT exon 11 mutation are more likely to
respond to imatinib than those with other types of
mutation or wild-type KIT.17,18 Sunitinib malate
(SU11248) is a novel multitargeted tyrosine kinase
inhibitor with antitumor and antiangiogenic activ-
ities, which performs by blocking KIT and PDGFRA
as well as VEGFR.19 Interestingly, recent clinical
studies have reported that SU11248 was effective in
a subset of imatinib-resistant GISTs.20–22

In this study, we evaluated the prognostic values
of angiogenesis, VEGF expression and KIT muta-
tions in a large series of GISTs to provide a rationale
for novel ‘tailored’ molecular-targeted therapy.

Materials and methods

Case Materials and Pathological Evaluation

We obtained 95 cases of primary GISTs from the file
of the Department of Anatomic Pathology of Kyushu
University between 1986 and 2004. All the cases
used in this study were localized in the stomach or
intestine, and were surgically resected with negative
margins. Cases with distant metastasis and perito-
neal dissemination at the initial operation were
excluded from this study. The diagnosis of all cases
of GISTwas made based on histological features and
immunohistochemical expression of KIT. Each GIST
was evaluated for clinicopathological and histologi-
cal features, including tumor size, location, cell type
(spindle, epithelioid or mixed type), mitotic count
and tumor grade. Tumors were classified into very
low-, low-, intermediate- and high-grade groups
depending on tumor size (2, 5 or 10 cm) and mitotic
count (5 or 10 per 50 high-power fields (HPFs)), in
accordance with the consensus meeting report at the
National Institutes of Health.23 The tumor grading
was assigned by two pathologists (NN and HY).

Immunohistochemical Staining and Evaluation

Histological sections (4 mm) of 10% formalin-fixed,
paraffin-embedded samples were used for the
immunohistochemical examination. The primary
antibodies were as follows: c-kit (polyclonal, A4502,
dilution; 1/100, Dako, Carpinteria, CA, USA), CD34
(QB-end-10, dilution; 1/50, Novocastra, Newcastle,
UK), Ki-67 (MIB-1, dilution; 1/100, DAKO), CD31
(M0823, dilution; 1/20, DAKO) and VEGF (14–124,
dilution; 1/100, Oncogene Research Products,
Cambridge, MA, USA). The sections were incubated
with primary antibodies at 41C overnight, followed
by the streptoavidin–biotin–peroxidase method
(Histofine SAB-PO Kit, Nichirei, Tokyo, Japan).
The sections were then reacted in a 3,30-diamino-

benzidine peroxytrichloride substrate solution, and
were counterstained with hematoxylin.

Microvessel density (MVD) was quantified using
immunohistochemical staining for CD31 as a marker
for neovessel endothelium according to the previous
report by Horak et al24 with a slight modification.
The most vascularized area (‘hot spot’) was identi-
fied by scanning the sections at lower power view
(� 40). Then, the number of CD31-positive micro-
vessels was counted in 10 selected hot spots at a
magnification of � 200 (0.95mm2 field area, Olym-
pus BX40 microscope). The mean count of 10 hot
spots was defined as the MVD per 0.95mm2 field
area, in order to avoid the bias concerning the
selection of hot spot.

As for the evaluation of VEGF expression, the
cytoplasmic staining intensity in the GIST cells was
graded as 0 (no staining), 1 (weak staining) or 2
(strong staining). When the tumor cells were stained
for VEGF, the staining pattern was essentially diffuse
and of homogenous intensity throughout the section
in our preliminary study. Therefore, we evaluated
the expression of VEGF by staining intensity.

MVD and VEGF scoring were performed by two
pathologists (HY and MI), who were not aware of the
clinical characteristics of the patients.

Analysis of KIT and PDGFRA Mutations

Mutations in exons 9, 11, 13 and 17 of the KIT gene
and in exons 12 and 18 of the PDGFRA gene were
examined in 70 cases of GIST according to the
previously described polymerase chain reaction
(PCR) and direct sequencing methods.25 In brief,
genomic DNA was extracted from paraffin-
embedded tissue by using standard proteinase K
digestion and phenol/chloroform extraction. The
DNA sequences for each exon were amplified for
the first PCR with each primer for 40 cycles (941C
for 1min, 52–561C for 1min and 721C for 1min)
by using a thermal cycler (T Gradient, Biometra,
Goettingen, Germany). The PCR products were
electrophoresed through 2.0% agarose gel with
ethidium bromide to confirm the correct amplifica-
tion. The amplified products were then purified
by centrifugal filter devices of Microcon (Millipore,
Bedford, MA, USA). After the purification, direct
sequencing was carried out by the dideoxy chain
termination method using a Perkin–Elmer ABI
Prism 310 sequence analyzer (Applied Biosystems,
Foster City, CA, USA).

Follow-up and Statistical Analysis

The correlation among the clinicopathological para-
meters, VEGF expression and the results of KIT gene
and PDGFRA gene mutational analysis was ana-
lyzed by the w2 test, whereas that between MVD
counts and clinicopathological factors was analyzed
by the Mann–Whitney U-test. The correlation
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among tumor size, mitotic count, MVD and tumor
grade was analyzed using Spearman’s correlation
analysis. We analyzed disease-free survival (DFS),
for which the end points included any relapse
(local recurrence and/or metastasis) of the GISTs.
Univariate analysis of DFS was performed by the
Kaplan–Meier method with a log-rank test. For
multivariate analysis of DFS, we used the Cox
proportional hazards model. A P-value of less than
0.05 was considered statistically significant.

Results

Clinicopathological Findings

The clinicopathological findings in GIST are sum-
marized in Table 1. The 95 patients comprised 48
men and 47 women, ranging in age from 23 to 93
years (median, 64 years). The tumors were located
in the stomach (64 cases) and small intestine (31
cases). The tumors ranged from 0.8 to 27 cm in size
(median, 5.5 cm). Histologically, 92 tumors were of
the spindle-cell type, one tumor was of the epithe-
lioid-cell type and the remaining two were of the
mixed spindle- and epithelioid-cell type (Figure 1a,
b). Mitotic counts varied from 0 to 112 per 50HPF
(median, 3/50HPF) and Ki-67 LI varied from 1.0
to 16.4% (median, 4.6%). According to the risk-
grading system, seven cases were classified as very
low grade, 22 as low grade, 38 as intermediate grade
and 28 as high grade.

MVD and VEGF Expression

MVD ranged from 0.3 to 49.0/0.95mm2 (median,
7.0/0.95mm2) (Figure 1c, d). VEGF expression was
seen in the cytoplasm of tumor cells. VEGF expres-
sion showed no staining (score of 0) in six cases
(6.3%), weak staining (score of 1) in 44 cases

Table 1 Clinicopathological data and risk grade in 95 cases
of GISTs

Factors Tumor-grade P-value

Very
low+low
(n¼29)

Intermediate
(n¼ 38)

High
(n¼ 28)

Gender 0.9881
Male (n¼48) 15 19 14
Female (n¼ 47) 14 19 14

Age (year)a 66 (52–72) 65 (51–76) 60 (46–71) 0.8442

Site 0.9167
Stomach (n¼64) 20 26 18
Intestine (n¼ 31) 9 12 10

Histological type 0.5192
Spindle (n¼ 92) 27 37 28
Epithelioid
(n¼ 1)

1 0 0

Mixed (n¼ 2) 1 1 0

a
Values were expressed as median levels (interquartile range).

Figure 1 Histological and immunohistochemical findings in GIST (a, b). (a) GIST, spindle-cell type. Spindle cells proliferate in fascicles.
(b) Immunohistochemical stain for c-kit. Tumor cells are diffusely positive. Immunohistochemical staining with CD31 for quantification
of MVD in GIST (c, d). (c) GIST showing low MVD (2.8/0.95mm2). (d) GIST showing high MVD (40.4/0.95mm2). Immunohistochemical
staining for VEGF expression in GIST (e, f). (e) Very weak expression of VEGF in tumor cells. (f) Strong expression of VEGF in tumor cells.
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(46.3%) and strong staining (score of 2) in 45 cases
(47.4%) (Figure 1e, f). The immunohistochemical
expression levels of VEGF were classified as low
expression (scores of 0 and 1) and high expression
(score of 2) in 50 cases (52.6%) and 45 cases
(47.4%), respectively. The correlation among MVD,
VEGF expression and clinicopathological data is
shown in Tables 2 and 3. MVD was significantly
correlated with gender, primary site (stomach vs
intestine), tumor size (o5 cm vs Z5 cm), tumor
grade, VEGF expression (low vs high) (P¼ 0.0399,
0.0422, 0.0006, 0.0359, o0.0001, respectively, Table
2). VEGF expression was significantly correlated
with gender and primary site (P¼ 0.0101, 0.0198,
respectively, Table 3).

KIT and PDGFRA Mutations

Of the 70 GISTs analyzed, KIT exon 11 mutations
were detected in 45 cases (64.3%). and KIT exon 9

mutations in two cases (2.9%) (Table 4). No muta-
tions were found in KIT exons 13 and 17 and
PDGFRA exons 12 and 18. Among the 45 tumors
with exon 11 mutations, the amino-acid alteration
patterns were deletions in 26 tumors (57.8%),
substitutions in 14 (31.1%), deletions with substitu-
tions in five tumors (11.1%). Most of the exon 11
mutations were located between codons 550 and
570. Both exon 9 mutations were insertions of six

Table 2 Correlation between MVD and clinicopathological
factors

Factors MVD (/0.95mm2)a P-value

Age (year) 0.7265
o64 (n¼ 47) 8.3 (2.4–11.1)
Z64 (n¼ 48) 5.8 (2.4–13.1)

Gender 0.0399
Male (n¼48) 9.4 (4.3–13.5)
Female (n¼ 47) 4.6 (2.0–10.4)

Site 0.0422
Stomach (n¼64) 6.7 (1.8–10.8)
Intestine (n¼ 31) 9.0 (4.6–19.9)

Size 0.0006
o5 cm (n¼ 39) 4.1 (1.6–9.0)
Z5 cm (n¼ 56) 9.4 (4.1–15.3)

Cell type 0.5656
Spindle (n¼ 92) 6.9 (2.4–11.6)
Epithelioid and mixed (n¼ 3) 11.2 (4.1–23.5)

Mitosis 0.6785
o5/50HPF (n¼55) 6.3 (2.4–11.7)
Z5/50HPF (n¼40) 8.2 (2.4–11.3)

Tumor grade 0.0359
Very low+low (n¼29) 4.6 (1.7–9.4)
Intermediate (n¼38) 8.3 (2.4–11.8)
High (n¼28) 8.7 (3.4–14.6)

Ki-67 index 0.2579
o4.6% (n¼47) 5.1 (1.7–11.4)
Z4.6% (n¼48) 8.5 (3.6–11.8)

VEGF expression o0.0001
Low (n¼ 50) 3.6 (1.6–9.1)
High (n¼45) 10.4 (4.9–17.3)

MVD, microvessel density; HPF, high-power field; VEGF, vascular
endothelial growth factor.
a
Values were expressed as median levels (interquartile range).

Table 3 Correlation between VEGF expression and clinicopatho-
logical factors

Factors VEGF expression P-value

Low
(n¼ 50)

High
(n¼ 45)

Age (year) 0.1799
o64 (n¼47) 28 19
Z64 (n¼48) 22 26

Gender 0.0101
Male (n¼48) 19 29
Female (n¼ 47) 31 16

Site 0.0198
Stomach (n¼64) 39 25
Intestine (n¼ 31) 11 20

Size 0.3015
o5 cm (n¼ 39) 23 16
r5 cm (n¼ 56) 27 29

Cell type 0.4963
Spindle (n¼ 92) 49 43
Epithelioid and mixed (n¼ 3) 1 2

Mitosis 0.2200
o5/50HPF (n¼55) 26 29
Z5/50HPF (n¼40) 24 16

Tumor grade 0.4197
Very low+low (n¼ 29) 13 16
Intermediate (n¼38) 23 15
High (n¼ 28) 14 14

Ki-67 index 0.3523
o4.6% (n¼47) 27 20
Z4.6% (n¼48) 23 25

VEGF, vascular endothelial growth factor.

Table 4 Results of KIT and PDGFRA mutation analysis

Gene Positive cases (%)

KIT
Exon 11 45/70 (64.3)
Deletion 26
Substitution 14
Deletion+substitution 5

Exon 9 2/70 (2.9)
Exon 13 0/70 (0)
Exon 17 0/70 (0)

PDGFRA 0/70 (0)
KIT, PDGFRAwild 23/70 (32.8)

PDGFRA, platelet-derived growth factor alpha.
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nucleotides, resulting in duplications of amino-acid
residues Ala502–Tyr503. We then compared the
clinicopathological and immunohistochemical find-
ings between the KIT exon 11 mutant group and the
non-KIT exon 11 mutant group, including the KIT
wild-type gene (Table 5). The non-KIT exon 11
mutant group showed significantly higher expres-
sion of VEGF as compared with the KIT exon 11
mutant group (P¼ 0.0266). MVD was not correlated
with the KIT genotype.

Statistical Analysis for Prognosis

Follow-up information was available for 80 patients.
The follow-up period ranged from 3.6 to 160.7
months (mean 48.4 months, median 34.8 months).
All 80 patients were free of distant metastasis and

peritoneal dissemination at the initial operation.
Relapse of the tumor was seen in 12 patients (15.0%)
of 80 patients, including one of low-grade GISTs
(liver metastasis), one of intermediate-grade GISTs
(liver metastasis) and 10 of high-grade GISTs (seven
cases of liver metastasis, one case of lung metastasis,
one case of local recurrence and one case of both
liver metastasis and peritoneal dissemination). The
presence of peritoneal disease and distant metasta-
sis was significantly associated with tumor grade
(Po0.0001).

The prognostic values of several factors for DFS
were analyzed in 80 cases (Table 6 and Figure 2). In
univariate analysis, tumor grade (high grade), tumor
size (Z5 cm), mitotic count (Z5/50HPF), Ki-67 LI
(Z4.6%), MVD (Z7.0/0.95mm2) and VEGF expres-
sion (high) were significantly associated with a
shorter period of DFS (P¼o0.0001, 0.0199, 0.0055,
0.0027, 0.0028 and 0.0302, respectively). In multi-
variate analysis, tumor grade and MVD were
identified as independent worse prognostic factors
for DFS in a stepwise multivariate logistic regression
model (P¼ 0.0007, 0.0152, respectively, Table 6).
The presence of KIT exon 11 mutation was not
correlated with DFS (data not shown).

Discussion

In the current study, in addition to the conventional
prognostic factors such as tumor grade and Ki-67 LI,
MVD was significantly associated with worse prog-
nosis in GISTs. In addition, MVD was significantly
associated with tumor size and tumor grade in
GISTs. A similar relationship between MVD and
prognosis has been reported in various kinds of
carcinomas and sarcomas.26–28 The above-mentioned
results provide an evidence that the evaluation of
MVD may be useful for predicting aggressive
behavior in GISTs.

We then found an overall close correlation
between MVD and VEGF expressed by tumor
cells in the present series of GISTs. Our result is

Table 5 Correlation between the KIT exon 11 mutation and
clinicopathological factors

Factors KIT exon 11 muation P-value

+ (n¼45) � (n¼ 25)

Age (year) 0.8301
o64 (n¼ 38) 24 14
Z64 (n¼ 32) 21 11

Gender 0.5684
Male (n¼ 36) 22 14
Female (n¼34) 23 11

Site 0.1736
Stomach (n¼49) 34 15
Intestine (n¼ 21) 11 10

Size 0.3429
o5 cm (n¼ 23) 13 10
Z5 cm (n¼ 47) 32 15

Cell type 0.2528
Spindle (n¼ 67) 44 23
Epithelioid and mixed
(n¼ 3)

1 2

Mitosis 0.4055
o5/50HPF (n¼41) 28 13
Z5/50HPF (n¼29) 17 12

Tumor grade 0.6935
Very low+low (n¼17) 10 7
Intermediate (n¼32) 20 12
High (n¼21) 15 6

Ki-67 LI 0.1539
o4.6% (n¼34) 19 15
Z4.6% (n¼36) 26 10

VEGF expression 0.0266
Low (n¼32) 25 7
High (n¼38) 20 18

MVD (/0.95mm2)a 8.0
(3.1–11.9)

10.4
(3.8–15.0)

0.4185

MVD, microvessel density; HPF, high-power field; VEGF, vascular
endothelial growth factor.
a
Values were expressed as median levels (interquartile range).

Table 6 Univariate and multivariate analysis of various para-
meters for disease-free survival (DFS) in 80 patients after curative
surgery

Variables P-value

Univariate Multivariate

Tumor grade
(very low-intermediate vs high)

o0.0001 0.0007

Tumor size (o5 vs Z5 cm) 0.0199 0.7483
Mitotic count (o5/50 vs Z5/50 HPF) 0.0055 0.8940
Ki-67 LI (o4.6 vs Z4.6) 0.0027 0.2275
MVD grade (o7.0 vs Z7.0) 0.0028 0.0152
VEGF expression (low vs high) 0.0302 0.3794
Site (stomach vs intestine) 0.1954 0.8953

MVD, microvessel density; HPF, high-power field; VEGF, vascular
endothelial growth factor.
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consistent with a previous report by Takahashi
et al.29 In general, angiogenesis is thought to be
initiated by the paracrine release of angiogenic
factors by tumor cells, such as VEGF, basic fibroblast

growth factor and PDGF.30–32 Angiogenic factors
induce endothelial cells to proliferate and migrate
toward the tumor. VEGF is one of the well-studied
angiogenic factors; it is produced and secreted by

Figure 2 Kaplan–Meier analysis for 80 patients with GIST. (a) Twenty-four patients with high-grade GIST have significantly shorter DFS
than 26 patients with very lowþ low-grade GIST and 30 patients with intermediate-grade GIST (Po0.0001). (b) Thirty-five patients with
large tumor size (Z5 cm) have significantly shorter DFS than 45 patients with small size (o5 cm) (P¼ 0.0199). (c) Thirty-six patients
with high-mitotic counts (Z5/50HPF) have significantly shorter DFS than 44 patients with low counts (o5/50HPF) (P¼ 0.0055).
(d) Forty-one patients with high Ki-67 LI (Z4.6%) have a significantly shorter DFS than 39 patients with a low index (o4.6%)
(P¼ 0.0027). (e) Forty-three patients with many MVD (Z7.0) also have a significantly shorter DFS than 37 patients with little MVD (o7.0)
(P¼ 0.0028). (f) Forty patients with high VEGF expression also have a significantly shorter DFS than 40 patients with a low VEGF
expression (P¼0.0302).
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tumor cells and is associated with tumor neovascu-
larization in various kind of malignant tumors.14,33,34

Likewise, VEGF expressed by GIST cells may
function via a paracrine mechanism in angiogenesis
in GIST.

As an unexpected result, VEGF expression and
MVD were both higher in intestinal GISTs than
in gastric GISTs. We still cannot show definite
molecular basis for this finding. The finding,
however, may explain in part why small intestinal
GISTs have a tendency to be more aggressive than
gastric tumors.35

In the current study, we have demonstrated the
correlation among angiogenesis, VEGF expression
and KIT genotype in GISTs. VEGF protein expres-
sion was higher in the non-KIT exon 11 mutant
group than in the KIT exon 11 mutant group. Our
results are consistent with a previous report by
Antonescu et al16 that used a cDNA microarray
study to show that the VEGF gene expression level
was higher in KIT-wild GISTs than in KIT mutant
GISTs. A recent study by Jin et al36 suggested that
activated KIT signal regulated the expression of
VEGF, based on the following data: (1) inhibition of
KIT by imatinib resulted in the suppression of both
VEGF mRNA and VEGF protein in the GIST-T1 cells
with KIT exon11 mutation; (2) stimulation of KIT
signal by a treatment with stem cell factor, a ligand
of KIT, upregulated the expression of VEGF in
GIST cell line. However, we still cannot clarify the
molecular mechanism, giving rise to the difference
of VEGF expression depending on the KIT geno-
type. Although KIT is activated irrespective of KIT
genotype in GISTs,3 gene expression profile is
heterogeneous depending on KIT genotype; for
example, BCL2, VEGF and MCSF were more highly
expressed in KIT-wild GISTs than in KIT-mutant
GISTs, and Mesothelin and CTNNB1 were more
highly expressed in KIT exon 9 mutant than in KIT
exon 11 mutant.16 The difference in KIT genotype
might influence the status of activation of KIT
downstream signaling and the transcription of target
genes such as VEGF. Further study to elucidate the
above hypothesis is needed.

Imatinib is a selective inhibitor of ABL (BCR-
ABL), KIT and PDGFRA. Although imatinib is
effective in GIST, its activity is heterogenous
depending on the type of KIT mutation; tumors
with KIT exon 11 mutation are more likely to
respond to imatinib, and, in contrast, tumors with
wild-type KIT or tumors with primary or secondary
mutation in the kinase domain such as exon 13 and
17 are resistant to imatinib.17,18,37,38 SU11248 is a
novel multitargeted tyrosine kinase inhibitor with
antitumor and antiangiogenic activities by blocking
KIT, PDGFRA and FLT3, as well as VEGFR.19

Interestingly, recent clinical studies have reported
that sunitinib was effective in a subset of imatinib-
resistant GISTs.20–22 In the current study, non-KIT
exon 11 mutant GISTs, which are probably less
responsive to imatinib, showed higher expression of

VEGF than did KIT exon 11 mutant GISTs. These
findings led us to speculate that sunitinib might be
of advantage to imatinib-resistant (non-KIT exon 11
mutant) GISTs by inhibiting both KIT signaling
in tumor cells and VEGF-VEGFR signaling in
angiogenesis. Further molecular biological and
clinical studies involving molecular therapeutic
targets related to KIT genotype and angiogenesis
are expected.

In this study, we detected KIT exon11 mutations
in 64.3% of our series of GISTs and exon 9
mutations in 2.9%. The reported frequency of exon
11 mutations in GISTs varies from 52 to 71%.3,4,6,39,40

A possible explanation for such variation may be
related to the methodological difference in detecting
mutations and to the difference in the types of
tissue used for DNA extraction.5 In addition, the
prevalence of the spindle-cell type of GISTs might
influence the low frequency of PDGFRA gene
mutation in the current study, because, in general,
PDGFRA mutation is more frequently present in
epithelioid-cell type GISTs than in spindle-cell type
GISTs (most of our cases were spindle-cell type).41

In conclusion, we found that MVD was correlated
with both VEGF overexpression and worse prog-
nosis in GISTs. Our results suggest that angiogenesis
measured as MVD is useful for predicting the
aggressive biologic behavior of GIST, and that
angiogenesis associated with VEGF may play an
important role, at least in part, in the progression of
GIST. In addition, the evaluation of MVD, VEGF
expression and KIT genotype might provide novel
insight into molecular-targeted therapy intended to
inhibit angiogenesis and KIT signaling for each
individual GIST.
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