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Abstract: The author herein reports histopathologic features of 31 surgical cases of gastrointestinal stromal tumor
(GIST) of the digestive organs. The 31 cases of GIST were diagnosed in our pathology laboratory. They consisted
of 24 cases of gastric GIST, 1 case of hepatic GIST, 1 case of small intestinal GIST, 4 cases of colon GIST, and 1
case of rectal GIST. The age of the patients ranged from 56 year to 84 years with a mean of 71 years. Male to
female ratio was 21:10. The presenting symptoms were gastrointestinal bleeding in 13 cases, abdominal pain
and discomfort in 13 cases, and asymptomatic in 5 cases. Endoscopy and imaging modalities including US, CT
and MRI were useful to detect the tumors in all cases, and biopsies confirmed the GIST diagnosis in 21 cases.
The size of GIST ranged from 1 cm to 12 cm with a mean of 4.3 cm. Grossly, 23 cases were submucosal tumors,
6 serosa-side tumors, 1 solid tumor in the liver, and 1 rectal polyp. Histologically, 28 cases were of spindle cell
type and 3 of epithelioid type. According to mitotic counts and tumor size, the malignant risk was very low in 4
cases, low in 14 cases, intermediate in 9 cases, and high in 4 cases. Immunohistochemically, all cases were posi-
tive for KIT and vimentin, 30 cases for CD34, and 4 cases for a-smooth muscle actin. None were positive for
desmin and S100 protein. Ki-67 labeling ranged from 2% to 18%. P53 protein was negative in all cases. PDGFRA
was positive in 20 cases among 24 cases examined. Genetic analysis using PCR-direct sequencing method was
performed in 5 GISTs; all the 5 GISTs showed point mutations or deletions in KIT gene, but did not in PDGFRA
gene. The 5 cases of GIST were positive for PDGFRA protein, suggesting that PDGFRA overexpression is not asso-
ciated with PDGFRA gene mutations. Four of the 31 cases showed metastases. The chemotherapy was imatinib
mesylate in 6 cases, and none in 25 cases. Four cases of high risk died of GIST, and 27 cases are alive now with-
out tumors.
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Introduction 5]. Many studies of GIST have been published
in the English literature. All types of GIST are

Gastrointestinal stromal tumor (GIST) was considered to have malignant potential. The

once considered as smooth muscle or neuro-
genic tumors, but recent advances in KIT gene
and platelet derived growth factor receptor-o
(PDGFRA) gene have shown that GISTs are
associated with gain-of-function mutations of
KIT gene and less frequently of PDGFRA gene
[1, 2]. GIST is believed to be derived from in-
terstitial cell of Cajal (ICC) (pacemaker cell)
which is present in the muscular layer of the
gastrointestinal walls (3). ICC expresses KIT
protein (CD117) and CD34. In practice, immu-
nohistochemical demonstration of KIT and/or
CD34 is a hallmark in the diagnosis of GIST [3-

author also published three cases of extra-
gastrointestinal stromal tumors of the uterus,
omentum, and transverse mesocolon [6-8].
Herein, the author reports 31 cases of GIST,
which were present in the archival pathologic
specimens of our pathology laboratory in the
last 15 years.

Materials and methods
The author retrieved 31 surgical cases of GIST

of digestive organs from the archival pathology
files of our pathology laboratory in the last 15



years. Clinical records of the 31 cases were
also reviewed. Extra-gastrointestinal stromal
tumors except for hepatic GIST were excluded
from this study. The HE sections of the 31
cases of GIST were reviewed under a micro-
scopy.

An immunohistochemical studies were per-
formed by Dako’s envision method (Dako
Corp. Glostrup, Denmark), as previously de-
scribed [9, 10]. In brief, the sections were
treated by microwave oven heating, and then
primary antibodies were applied. Second, the
Dako’s envison kits were applied to the sec-
tions. Diaminobenzidine was used as chromo-
gen. The primary antibodies used were KIT
(polyclonal, Dako), CD34 (QBEND10, Dako),
vimentin (Vim 3B4, Dako), desmin (D33, Da-
ko), a-smooth muscle actin (1A4, Dako), S100
protein (polyclonal, Dako), p53 protein (DO7,
Dako), and Ki-67 antigen (MIB1, Dako). In 24
cases of GIST, immunostaining of PDGFRA was
performed, using anti-PDGFRA antibody (polyc-
lonal, Santa Cruz, CA, USA).

A genetic analysis for KIT gene (exons 9, 11,
13, and 17) and PDGFRA gene (exons 12 and
18) was performed in 5 cases with GIST. The
exons of both genes were selected because
they are frequent mutation sites in GIST [3-5].
In DNA was extracted from the paraffin sec-
tions of the GIST and analyzed by the PCR-
direct sequencing method, as previously de-
scribed [6-8]. The primers are shown in Table
1. In brief, genomic DNA was extracted from
paraffin blocks with proteinase K digestion
and phenol/chloroform extraction, and sub-
jected to PCR for 40 cycles (94°C for one
minute, 52°C for one minute, 72°C for one
minute), using a thermal cycler (GeneAmp PCR
system 9700, Applied Biosystems, ABI, CA).
The annealing temperature was 53°C. PCR
products were extracted, and subjected to a
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PRIZM 3100 Genetic Analyzer, Applied Biosys-
tems, ABI, CA).

The malignant potential of GIST was assessed
by mitotic counts and tumor size, as described
by Fletcher et al. [11].

Results

The 31 cases of GIST consisted of 24 cases of
gastric GIST, 1 case of hepatic GIST, 1 case of
small intestinal GIST, 4 cases of colon GIST,
and 1 case of rectal GIST. The age of the pa-
tients ranged from 56 year to 84 years with a
mean of 71 years. Male to female ratio was
20:11. The size of GIST ranged from 1 cm to
12 cm with a mean of 4.3 cm.

The presenting symptoms were gastrointes-
tinal bleeding in 13 cases, abdominal pain and
discomfort in 13 cases, and asymptomatic in 5
cases. Endoscopy and imaging modalities in-
cluding US, CT and MRI were useful to detect
the tumors in all cases, and biopsies con-
firmed the GIST diagnosis in 21 cases.

Macroscopically, of the 31 cases of GIST, 23
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Figure 1.Gross finding of GIST of the stomach.
The GIST shows a submucosal tumor with ulce-

computed automatic DNA sequencer (ABI ration
Table 1.Primer sequence
Forward Reverse
KIT exon 9 5’-TCC TAG AGT AAG CCA GGG CTT-3’ 5’-TGG TAG ACA GAG CCT AAA CAT CC-3’
KIT exon11l 5-GAT CTATTT TTC CCT TTC TC-3’ 5’AGC CCC TGT TTC ATA CTG AC-3’
KIT exon 13 5’-GCT TGA CAT CAG TTT GCC AG -3’ 5’-AAA GGC AGC TTG GAC ACG GCT TTA-3’
KIT exon 17 5’-CTC CTC CAA CCT AAT AGT GT-3’ 5’-GTC AAG CAG AGA ATG GGT AC-3’

PDGFRA exon12

PDGFRA exon 18 5’-ACC ATG GAT CAG CCAGTC TT-3’

5’-TTG GAT ATT CAC CAG TTA CCT GTC-3’

5’-CAA GGG AAA AGC TCT TGG-3’
5’-TGA AGG AGG ATG AGC CTG ACC-3’
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cases were submucosal tumors (Figure 1), 6
serosa-side tumors, 1 solid tumor in the liver,
and 1 rectal polyp. Histologically, of the 31
cases of GIST, 28 were of spindle cell type
(Figure 2) and three were of epithelioid type
(Figure 3). According to mitotic counts and
tumor size, the malignant risk was very low in
4 cases, low in 14 cases, intermediate in 9
cases, and high was 4 cases.

Immunohistochemically, all the 31 cases were
positive for KIT (Figure 4) and vimentin, 30
cases for CD34 (Figure 5), and 4 cases for o-
smooth muscle actin. None of the 31 GISTS
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were positive for desmin and S100 protein. Ki-
67 labeling ranged from 2% to 18%. P53 pro-
tein was negative in all cases. PDGFRA was
positive in 20 cases among the 24 cases ex-
amined (Figure 6). The genetic analysis of the
5 cases of GIST showed point mutations (Fig-
ure 7) or deletions (Figure 8) of exon 9 (n=1),
exon 11 (n=2) and exon 17 (n=2) of KIT gene.
No mutations of PDGFRA gene were rec-
ognized.

Four of the 31 cases showed metastases. The
chemotherapy was imatinib mesylate in 6 cas-
es, and none in 25 cases. Four cases of high

Figure 3. Epithelioid type of GIST. HE, x200
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risk group died of GIST, and 27 cases are alive
now without tumors.

Discussion

The locations of GIST are highest in the sto-
mach, followed in order by colorectum and
small intestine [3, 4]. In the present series, the
locations of the 31 cases of GIST was stomach
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Figure 5. CD34 is positive in a case of GIST. Im-
munostaining, x200

Figure 6. PDGFRA is positive in a case of GIST.
Immunostaining, x200
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in 24 cases, liver in 1 case, small intestine in 1
case, colon in 4 cases, and rectum in 1 case.
GIST occurs in middle or old age [3, 4]. Mietti-
nen et al. [12] who analyzed 1,765 cases of
GIST stated that the mean age of GIST was 63
years. In the present study, the age of the pa-
tients ranged from 56 year to 84 years with a
mean of 71 years. In the present study, male
to female ratio was 20:11. The previous re-
ports also indicated male predominance in
GIST cases [12]. In the present study, the size
of GIST ranged from 1 cm to 12 cm with a
mean of 4.3 cm. In the Miettinen’s series [12],
the size of GIST varied from 0.5 cm to 44cm
with a median of 6.0 cm.

In the present series, the presenting symp-
toms were gastrointestinal bleeding in 13 cas-
es, abdominal pain and discomfort in 13 cas-
es, and asymptomatic in 5 cases. In the Miet-
tinen’s series [12], presenting symptoms were
mostly gastrointestinal bleedings. In the
present study, endoscopy and imaging modali-
ties including US, CT and MRI were useful to
detect the tumors in all cases, and biopsies
confirmed the GIST diagnosis in 21 cases,
suggesting that endoscopy and imaging tech-
niques are useful to detect tumors, and biop-
sies are useful in GIST diagnosis.

In the present series, of the 31 cases, 23 cas-
es were submucosal tumors, 6 serosa-side
tumors, 1 solid tumor in the liver, and 1 rectal
polyp. These macroscopic findings are com-
patible with previous series [3, 4, 12, 13]. In
the present study, one case was hepatic GIST.
GIST in the liver is extremely rare, and only a
few cases have been reported in the English
literature [14]. Thus, this hepatic GIST is very
interesting for the author.

In the present series, of the 31 cases of GIST,
28 were of spindle cell type and three were of
epithelioid type. In general, spindle cell type
predominates over epithelioid type [3, 4, 12,
15]. According to the consensus report of GIST
by Fletcher et al. [11], the malignant potential
of GIST depends on tumor size and mitotic
counts. In very low malignant risk group, tumor
size is less than 2 cm and mitotic counts are
less than 5 per 50 high power field (HPF). In
low malignant rick group, tumor size is 2cm
<5cm and mitotic counts are < 5/50 HPF. In
intermediate rick group, tumor size is 5cm
<10cm, and mitotic counts are < 5/50 HPF. In
high rick group, tumor size is > 10 cm, and
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mitotic counts are > 10/50 HPF [11]. In the
present study, according to mitotic counts and
tumor size [11], the malignant risk was very
low in 4 cases, low in 14 cases, intermediate
in 9 cases, and high in 4 cases.

Immunohistochemically, more than 90% of
GIST expresses KIT and/or CD34 [3, 4]. KIT-
negative GIST is present [3, 4]. In practice,
positive KIT and/or CD34 are enough to diag-
nose the lesions as GIST. In KIT-negative cas-
es, a genetic analysis of KIT and PDGFRA is
necessary. In the present series, all the 31
cases were positive for KIT and vimentin, 30
cases for CD34, and 4 cases for ao-smooth
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muscle actin. The actin-positive 4 cases are
GIST with smooth muscle differentiation. In the
present study, none of the 31 GISTS were pos-
itive for desmin and S100 protein. Ki-67 labe-
ling ranged from 2% to 18%, suggesting rela-
tive low proliferative activities in the present
series. P53 protein was negative in all cases,
suggesting that p53 mutations are absent in
the present 31 cases. In the present study,
PDGFRA was positive in 20 cases among 24
cases examined, suggesting that the PDGFRA
oncoprotein was present in about 83 % of
GIST.

In the present study, the genetic analysis of
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Figure 7. KIT muta-
tion in gastrointes-
tinal stromal tu-
mor. Point muta-
tion at codon 822
(AAT —AAA) in ex-
on 17 (Bar)
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the 5 cases of GIST showed point mutations or
deletions of exons 9, 11, and 17 of KIT gene.
No mutations of PDGFRA gene were recog-
nized. KIT and PDGFRA genes are known to be
mutually exclusive [3, 4, 5]; so, the present
cases showed only KIT gene mutations, spar-
ing PDGFRA gene mutations. The present 5
cases showed hot spot mutations in the KIT
and PDGFRA genes. Protein expression of
PDGFRA in GIST has not been reported. The
present study showed that immunoreactive
PDGFRA was expressed in 20/24 cases (83%),
suggesting that PDGFRA is present in GIST. In
the present series, the 5 cases of GIST which
underwent genetic examination were positive
for PDGFRA protein, suggesting that PDGFRA
protein overexpression is not associated with
PDGFRA gene mutations. Much more studies
between protein expression and gene muta-
tions of KIT and PDGFRA are required.

Imatinib mesylate (Gleevec) is effective in GIST
(3, 4). In the present study, four of the 31 cas-
es showed metastases. The chemotherapy
was imatinib mesylate in 6 cases, and none in
25 cases. Four cases of high risk group died of
GIST, and 27 cases are alive now without tu-
mors. These findings suggest that high risk
patients with GIST may die of GIST and its me-
tastasis.

In summary, the authors reported clinico-
pathologic features of 31 GIST of our labora-
tory. Of them, 24 were gastric GIST, 1 hepatic
GIST, 1 small intestinal GIST, 4 colon GIST,
and 1 rectal GIST. The age of the patients
ranged from 56 year to 84 years with a mean
of 71 years. Male to female ratio was 21:10.
The presenting symptoms were gastrointes-
tinal bleeding in 13 cases, abdominal pain and
discomfort in 13 cases, and asymptomatic in 5
cases. The size of GIST ranged from 1 cm to
12 cm with a mean of 4.3 cm. Grossly, 23
cases were submucosal tumors, 6 serosa-side
tumors, 1 solid tumor in the liver, and 1 rectal
polyp. Histologically, 28 cases were of spindle
cell type and 3 of epithelioid type. The malig-
nant risk was very low in 4 cases, low in 14
cases, intermediate in 9 cases, and high in 4
cases. Immunohistochemically, all cases were
positive for KIT and vimentin, 30 cases for
CD34, and 4 cases were for a-smooth muscle
actin. None were positive for desmin and S100
protein. Ki-67 labeling ranged from 2% to 18%.
P53 protein was negative in all cases. PDGFRA
was positive in 20 cases among 24 cases ex-
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amined. A genetic analysis showed all the 5
GISTs showed point mutations or deletions in
KIT gene, but did not in PDGFRA gene. The 5
cases of GIST were positive for PDGFRA pro-
tein, suggesting that PDGFRA overexpression
is not associated with PDGFRA gene muta-
tions.
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