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Abstract
AIM: To investigate the expression and mutation of c-kit
gene and its correlation with the clinical pathology and
prognosis of gastrointestinal stromal tumors (GISTs).

METHODS: A total of 94 cases of GISTs, 10 leiomyomas
and 2 schwannomas were studied for the expression of KIT
by immunohistochemistry. The c-kit gene mutations in exon
11 of these specimens were detected by PCR-SSCP technique.

RESULTS: Of the 94 cases of GISTs, 91 (96.8 %) expressed
the KIT protein. Leiomyomas and schwannomas were
negative for KIT. The c-kit gene mutations of exon 11 were
found in 38 out of the 94 cases of GISTs (40.4 %). The
mutations involved point mutations (Val560-Asp, Ile563-Met),
del 557-559 and 579ins12. No mutations were detectable
in benign GISTs, leiomyomas or schwannomas. The patients
with mutation-positive GISTs showed more frequent
recurrences, invasion and metastasis in adjacent tissues than
those with mutation-negative ones.

CONCLUSION: KIT is a useful marker for diagnosis of GISTs.
Mutation of the c-kit gene may play a significant role in the
pathogenesis of GISTs and may be associated with poor
prognosis in patients with GISTs.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common
mesenchymal tumors of the human gastrointestinal tract that
may occur in the entire gastrointestinal tract[1-4]. In recent years,
much attention has focused on GISTs. Studies have shown
that GISTs strongly express the KIT protein[1,5,6], a type III
tyrosine-kinase receptor encoded by the c-kit proto-oncogene[7,8].
The c-kit gene located in the long arm of chromosome 4, is the
cellular homologue of oncogene v-kit of the HZ4 feline
sarcoma virus[9]. KIT, which is structurally related to the
receptors for platelet-derived growth factor and colony-
stimulating factor, consists of an extracellular domain, a
transmembrane domain, a juxtamembrane domain and a kinase

domain with an insert that splits the kinase domain[10]. KIT and
its ligand, stem cell factor (SCF), are known to play crucial roles
in the development of germ cells, melanocytes, mast cells and
interstitial cells of Cajal[11].
     Recently, activated c-kit mutations have been identified in
GISTs. Most mutations were detected in the juxtamembrane
domain (Lys-550 to Val-560)[1,12-14]. These mutations were
related to a poorer prognosis. The purpose of this study was to
examine the KIT expression and characterize the range of c-
kit mutations in GISTs, and to evaluate the significance
between c-kit mutations and prognostic factors.

MATERIALS AND METHODS

Patients
Ninety-four cases of GISTs (62 male, 32 female) diagnosed at
Changhai Hospital with a median age of 53 years (ranging
from 5-77) were included in the study between January 1991
and December 2002. Forty-six tumors were located in the
stomach, thirty-two in the small bowel, ten in the large intestine,
three in the esophagus and three in the omentum and mesentery.
We used Lewin’s determination to separate benign from
malignant lesions[15]. Sixty-seven cases of GISTs were malignant
and 27 were benign. Of the patients in the malignant group, ten
received reoperation due to recurrences, distant metastasis was
found in 6 patients at the time of surgery, four to the liver and
two to both the liver and peritoneum. The remaining patients
were free of distant metastasis. One patient with liver metastasis
died after operation. Twelve control tumors were also analyzed,
including 10 leiomyomas and 2 schwannomas.

Immunohistochemistry
A rabbit polyclonal antibody against human KIT and an EnVision
kit were purchased from DAKO. Immunohistochemistry was
performed using the two-step technique. All specimens were
fixed in 10 % buffered formalin and embedded in paraffin.
Four-µm thick sections were cut from the tissue blocks. The
sections were deparaffinized and rehydrated, then treated using
a microwave epitope retrieval technique with citrate buffer,
pH 6.0 at 85  for 3 min. After cooled at room temperature,
the sections were washed in PBS (0.01M, pH7.2) and incubated
with the antibody against c-kit (1:100) at room temperature
for 1 hour. After washed in PBS, the sections were incubated
with the EnVision compound at room temperature for 30 min.
Staining was developed by immersing slides in 0.05 % DAB
with 0.33 % hydrogen peroxide. All slides were counterstained
with haematoxylin, dehydrated and mounted. PBS substituted
for the primary antibody was used as the negative control.

DNA Extraction
DNA was extracted from formalin-fixed, paraffin-embedded
tissues using standard methods with proteinase K digested and
phenol/chloroform purified.

PCR-SSCP
Exon 11 of the c-kit gene was amplified by PCR using the
following oligonucleotide primer pairs: sense primer 5’-



AACTCAGCCTGTTTCTGG-3’ and antisense primer 5’-
GATCTATTTTTCCCTTTCTC-3’. PCR was carried out with
the following conditions: 50 µl total reaction volume, with 5 µl
template, 5 µl of each oligonucleotide primer, 10 µl dNTP,
10 µl ddH2O, 2 µl Taq polymerase, 8 µl Mg2+ and 5 µl 10×PCR
buffer. Cycling conditions were as follows: an initial penetration
at 95  for 4 min, 38 cycles each at 94  for 1 min, at 56 
for 1 min, at 72  for 1 min, followed by one cycle at 72 
for 10 min. PCR products were visualized by gel electrophoresis
in 1.7 g/L agarose. Then the PCR products were subjected to
8 % non-denaturation polyacrylamide gel electrophoresis (aer:
bis=49:1) with 5 % glycerin and silver nitrate staining.

DNA sequencing
PCR products that showed abnormal gel shift by PCR-SSCP
were selected for sequencing after cloned into PMD18-T
vector. The sequencing procedures were performed by Sangon
Co., Shanghai.

Statistical methods
The data were analyzed with χ2 test.

RESULTS

Immunohistochemistry
Immunohistochemical analyses revealed strong and diffuse
KIT expression in 91 out of the 94 cases of GISTs. The positive
signals were localized in cytoplasm and membrane (Figures 1
and 2). Ninety-seven percent of malignant GISTs and ninety-
six percent of benign GISTs were KIT positive. Compared
with the benign group, some malignant GISTs showed weaker
and focal positivity. There was no significant difference in the
expression of KIT between benign and malignant GISTs
(P>0.05). Leiomyomas and schwannomas were negative for KIT.

Figure 1  KIT staining in cytoplasm and membrane of GISTs
(spindle type)×200.

Figure 2  KIT staining in cytoplasm and membrane of GISTs
(epithelioid type)×200.

Evaluation of mutations in exon 11 of c-kit gene
Analysis of PCR-SSCP showed abnormal gel shifts in 38 out
of the 67 (56.7 %) malignant GISTs. No mutant bands were
observed in benign GISTs, as well as in leiomyomas and
schwannomas. Sequencing of 6 mutant bands revealed three
types of mutations. One case showed point mutations
(Val560-Asp and Ile563-Met), one case a 6-bp deletion
involving codons 557 to 559, one case a 12-bp insertion at
the codon 579 (Figure 3).

Figure 3  Sequence of the exon 11 of c-kit from the mutant
bands obtained from the GISTs. A: 6-bp deletion involving
codons 557 and 559 (GGAAGG), B: 12-bp insertion at codon
579 (CTTCCTTATGAT), C: two point mutations (Val 560-Asp,
Ile 563-Met).

Correlation of c-kit mutations with clinicopathological
parameters
Of the 38 cases of GISTs with c-kit mutations, six developed
distant metastasis, eight had local recurrences and one died of
liver metastasis. Only two recurrences were found in the
remaining 56 cases of GISTs without c-kit mutations.

DISCUSSION
It has been reported that GISTs are strongly and nearly
consistent KIT positive and mutations of the c-kit gene were
observed in GISTs. In this study, we examined the sequences
and expression of c-kit in the spectrum of GISTs, including
benign and malignant variants from different sites. The
expression and mutations of the c-kit gene were also evaluated
in leiomyomas and schwannomas.
     As this study has shown, 96.8 % (91/94) GISTs strongly
and diffusely expressed KIT irrespective of tumor location,
histologic subtype and grade. Neither age nor sex was
significantly correlated with the expression levels of KIT. The
findings were in agreement with the previous studies[16-18]. No
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expression of KIT was found in leiomyomas and schwannomas.
These results verified that KIT was a sensitive diagnostic
marker for GISTs, but it could not be used as a prognostic
index[19,20].
     Recently, mutations of the c-kit gene were observed in
GISTs. Most mutations were located at the juxtamembrane
domain encoded by exon 11, especially between codons 550-
560. Mutations of exon 11 were observed in 40.4 % (38/94) of
GISTs in our study, and other group observed mutations of
exon 11 in 57 %, 42 % and 21 % of GISTs[6,13,21]. The difference
in mutation rates appeared to be due to the proportion of
malignant GISTs, as suggested by our data and the previous
reports. Some studies have shown that the mutant types
including insertions or duplications, in addition to deletions
and point mutations. These were consistent with our results.
DNA sequencing showed that point mutations, deletions and
insertions were found in our six GISTs and the range of the c-
kit mutations was not only between codons 550-560 but also
at codon 579. Although 96.8 % of GISTs expressed KIT, only
40.4 % of GISTs showed mutations in the juxtamembrane
region of the c-kit gene. This indicated that some KIT-positive
GISTs could occur without mutation of the c-kit gene or with
mutations other than exon 11 of the c-kit gene. There was
another possibility that some mutations of the NF-1 gene might
result in the occurrence of KIT-positive GISTs[1,16,22]. Moreover,
the mutations of exons 9, 13, 17, 14 and 15 in GISTs have
been identified in recent years[23-25]. But mutations in these
exons were found to be few compared with in exon 11[26,27].
These observations demonstrate that multiple mutations of c-
kit, irrespective of domain-extracellular, juxtamembrane or
kinase, are crucial tumorigenic events in GISTs.
     Since c-kit mutations are commonly found in GISTs, how
these mutations lead to kinase activation is a field of active
investigation. KIT participates in complex networks of signal
cascade proteins, and some of these proteins regulate KIT
activation in positive or negative manners. Under normal
conditions, KIT activation occurs when the receptor is bound
to its ligand, a stem cell factor. Ligand-mediated KIT activation
triggered various cell-signaling cascades that regulate cell
behavior[28,29]. The c-kit mutations of these domains resulted
in activation of kinase by allowing ligand-independent receptor
dimerization[30-32]. In other words, the mutations in GISTs lead
to structural changes of KIT oncoproteins that favor receptor
oligomerization and cross-phosphorylation, even in the absence
of ligand binding. Because activation of KIT is a ubiquitous
oncogenic pathway in most GISTs and important to the growth
of GISTs, it has become possible that patients with GISTs can
be treated with STI571, a KIT tyrosine kinase inhibitor. STI571
is a 2-phenylaminopyrimidine that selectively inhibits
protooncogenic and oncogenic forms of the ABL, PDGFR and
c-kit tyrosine kinases[33,34]. STI571 has a potent activity against
GIST cells grown in vitro and the majority of patients with
malignant GIST have shown a benefit to treatment with STI571
in recent clinical trials[35-37].
    Finally, we compared clinical outcome between the
mutation-positive and negative GISTs, and found more
frequent recurrences and poorer prognosis were related with
mutation-positive GISTs. In our study, 6 out of the 38 patients
with mutation-positive GISTs developed distant metastasis, 8
had local recurrences and 1 died of GIST, whereas only 2 out
of the 56 patients with mutation-negative GISTs had
recurrences. These findings are consistent with some other
previous results[1,6,13,38,39], and indicate that the c-kit mutations
seem to be related to poorer prognosis. But there is an opposite
opinion recently. The results showed that these mutations
occurred very early in the course of GISTs development and
were of little prognostic importance in GISTs[40]. And now
cytogenetic abnormalities have been detected in GISTs[41-43].

These findings suggest that molecular alterations and c-kit
mutations are likely to be involved in determining the biologic
behaviors of both benign and malignant GISTs.
     Considering these findings, we conclude that most GISTs
strongly and diffusely express KIT protein, and KIT is a useful
and sensitive marker for diagnosis of GISTs. C-kit mutation is
undoubtedly a pivotal event in GISTs and may be associated
with poor prognosis. Evaluation of KIT mutation may have
both prognostic and therapeutic significances as the new
tyrosine kinase inhibitor (STI571) treatments are available. The
correlation between c-kit mutations and clinical behaviors is
far more complex than initially appreciated, and further studies
are needed.
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