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AbstractAbstractAbstractAbstractAbstract

AIM: To examine the prevalence and prognostic significance
of C-kit gene mutation and analysis the correlation of C-

kit gene mutation and the clinicalpathologic parameters
of GISTs.

METHODS: Eighty-two GISTs were studied for the
mutation of C-kit gene by PCR-SSCP, DNA sequence.

Statistical comparison were used to analysis the

correlation of C-kit gene mutation and clinicalpathology,
clinical behavior, recurrence.

RESULTS: (1) Mutation-positive and mutation-negative
GISTs were 34 and 48,respectively; (2) Among these

patients with C-kit mutation remained a significantly poor

prognosis associated with 59% 3-year survival compared
to those whose tumors did not; (3) Tumor size, PCNA

index, mitotic cell number, presence of necrosis, microscopic

invasion to adjacent tissues, recurrence and distant
metastasis among mutation-positive and mutation-negative

GISTs were significantly different.

CONCLUSION: C-kit mutation is a undoubtedly pivotal

event in GIST and may be associated with poor prognosis.

Evaluation of C-kit gene mutation may have both prognosis
and therapeutic significances.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Gastrointestinal stromal tumor (GIST) is designation for a
major subset of mesenchymal tumors of the gastrointestinal
tract. Their biological behavior is a persistent source of
controversy. Concerning prognosis ,various studies[1-3] have
endeavored in the establishment of clinicopathologic
correlations, such as tumor size, location, mitotic cell count,
proliferative activity, presence of necrosis, presence of
hemorrhage, microscopic invasion to adjacent tissues,
recurrence, distant metastasis, age, sex, cell type. Yet the
criteria claimed to predict the biological behavior of GIST
remains vague and do not even enable a confident
discrimination between benign and malignant lesions.
Discrimination of  malignant GISTs based on an objectively
defined factor would be of practical importance. In this
study, we intend to contribute to this issue by examining the
prevalence and prognostic significance of the above-
mentioned parameters, C-kit expression and C-kit gene
mutation, and analysis the correlation of C-kit gene mutation
and the above-mentioned clinical parameters.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Patients
During the period 1997-2001, 82 patients with primary
mesenchymal tumors of the gastrointestinal tract underwent
surgery at Changhai Hospital and were diagnosed as GISTs.
Of these, 56 men and 26 women, the mean age of the
GIST patients at the time of diagnosis was 53 years. The
locations of the tumors were as follows: 3 in the esophagus,
42 in the stomach, 35 in the intestine, and 2 in the mesentery.
According to the standard of Lewin’s[4], 82 cases were
divided into 2 groups, 20 benign and 62 malignant GISTs.
At the time of diagnosis, 16 were found microscopic invasion
to mucous myometrium or placenta percreta, distant
metastasis was found in 16 patients, 9 to the liver, 2 to
bone, 1 to lung and 4 extensive metastasis; the remaining
patients were free of distant metastasis. Thus ,curative
surgery was performed for 73 patients, and the patients
with distant metastasis or peritoneal dissemination
underwent only local resection. The mean follow-up period
was 4.1 years, during the follow-up period, 18 patients
suffered from recurrences, and 10 patients received
reoperation for recurrences.

Immuohistochemistry
Paraffin sections (3 mm thick) of  formalin-fixed tissues
were used for conventional H&E staining and for
immunohistochemistry. Rabbit polyclonal antibody against



human KIT and mouse monoclonal antibody against human
PCNA were purchased from DAKO. Immunohistochemistry
was performed using EnVision kit by two-step technique.
PCNA index indicating the percentage of positive tumor
nuclei was obtained by visual quantitative assessment of
100 tumor cells. Random fields were selected, excluding
areas with excessive or scant immunostaining. Nuclear
staining without cytoplasmic staining was considered a
positive result. Negative result was set as “-”, PCNA index
<10% +, PCNA index 10%-30%++, >30% +++.

PCR-SSCP
DNA was extracted from formalin-fixed, paraffin-embedded
tissues using standard methods with proteinase K digested
and phenol/chloroform purified. Exon11 of  the C-kit gene
was amplified by PCR using the following oligonucleotide
primer pairs: sense primer 5’-aactcagcctgtttctgg-3’-
antisense primer: 5’-gatctatttttccctttctc-3’. 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
Songon Co., Shanghai.

Statistical analysis
Eighty-two GISTs were divided into mutation-positive and
mutation-negative subtypes according to C-kit gene detection.
χ2

 test was used to analyze the correlation of C-kit mutation
and clinicopathological and prognostic factors. Two-sided
P<0.05 were considered to represent statistical significance.
The relative importance of various prognostic factors for
the postoperative was analyzed with Cox’s proportional
hazard model. Logistic regression analysis with the forward
stepwise method was used to compare the difference of
survival curves between the C-kit mutation-positive and
mutation-negative subtypes. The possible prognostic factors
included age, sex, location of tumors, tumor size, cell type,
microscopic invasion to neighboring structures, mitotic cell
number, PCNA index, distant metastasis at the time of
diagnosis, peritoneal dissemination at the time of surgery,
recurrences during the follow-up period, presence of necrosis,
presence of hemorrhage, presence of C-kit mutation and
expression.

RESULRESULRESULRESULRESULTSTSTSTSTS

Immunohistochemistry
Immunohistochemical analyses revealed strong and diffuse
C-kit expression in 80 of 82 cases. PCNA staining intensity
varied from very weak to intensely strong and from finely
granular to uniformly dark red-brown (Table 1).

Evaluation of mutations in exon11 of C-kit gene
Two alleles were observed for the normal PCR segments,
fast and slow fragments were designated as A and B alleles,
respectively. Comparing to normal cases, 34 (41.5%) malignant

GISTs showed abnormal gel shifts while no mutant bands
were observed in benign GISTs. Abnormal gel shifts included
multiple shift bands, monomorphic fragment or band shifting.
Sequencing of  abnormal bands revealed point mutation,
deletion mutation and insertion deletion. Mutation-positive
and mutation-negative GISTs were 34 and 48, respectively.

Survival analysis
Three-year survival rate was 77%(63/82) of  82 cases. Among
these patients with C-kit mutation remained a significantly
poor prognosis associated with 59% 3-year survival
compared to those whose tumors did not. (χ2 = 11.6464,
P<0.05, Figure 1).

Figure 1  C-kit gene mutation and cumulative survival rate.

The relationship of C-kit mutation and clinicopathological
marker
We examined whether the presence of  C-kit mutation could
be associated with clinicopathological features of  GISTs
(Table 1).Statistical analysis indicated that significant
differences were detected with tumor size (χ2 = 16.7950,
P<0.05), PCNA index (χ2 = 17.0990, P<0.05), mitotic cell
number (χ2 = 11.2327, P<0.05), presence of necrosis
(χ2 = 4.4036, P<0.05), microscopic invasion to adjacent
tissues (χ2 = 22.3912, P<0.05) between two terms. The age,
sex, location of tumor, cell type, the presence of hemorrhage,
and C-kit expression were independently related to the
presence of C-kit mutation.

The correlation between C-kit mutation and prognostic factors
We also examined whether the presence of  C-kit mutation
was associated with the clinical outcome (Table 2). The
mutation-positive GISTs showed more frequent recurrences
(χ2 = 16.333, P<0.05), distant metastasis (χ2 = 12.9649,
P<0.05) and higher mortality (χ2 = 11.6464, P<0.05) than
the mutation-negative GISTs. Of  the patients with mutation-
positive GIST ,developed distant metastasis.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

GISTs are the most common mesenchymal tumors of  the
human gastrointestinal tract which are enigmatic in terms
of their line of differentiation or cell of origin and clinical
behavior[5]. Recently, many studies have shown that tumor
size, location, mitotic cell count, cell type, proliferative
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Table 1  Relationship of C-kit mutation and clinicopathological marker

                                          C-kit                           C-kit
Clinicalpathological           Total          χ2 P

   Case    Percent       Case         Percent

Total 82       34          48

Age (yr)

    <40 12        5         15          7            15%    0.0002              0.9877

    40 70       29         85          41            85%

Sex

    Man 56       24         71          32            67%    0.1413              0.7069

    Woman 26       10         29          16            33%

Tumor size

    1-5.4 46       10         29          36            75% 16.7950           <0.0001

    5.5 36       24         71          12            25%

Location of tumors

    Esophagus   3        0         0          3              6%

    Stomach 42       14         41          28            58%    7.5243              0.0569

    Intestine 35       18         53          17            36%

    Mesentery   2        2         6          0              0%

Cell type

    Spindle 73       29         85          44            92%    0.8272              0.3631

    Epithelioid   9        5         15          4              8%

PCNA index

    0 19        7         21          12            25%

    + 49       15         44          34            71% 17.0990              0.0007

    ++ 13       12         35          1              2%

    +++   1        0         0          1              2%

Mitotic

    <5 67       22         65          45            94% 11.2327              0.00008

    5/50 15       12         35          3              6%

Hemorrhage

    Yes 25       12         35          13            27%    0.6331              0.4262

    No 57       22         65          35            73%

Necrosis

    Yes 37       20         59          17            35    4.4036              0.0359

    No 45       14         41          31            65

Microscopic

    Yes 16       15         44          1            2 22.3912           <0.0001

    No 66       19         56          47            98

C-kit expression

    Positive 80       33         97          47            98   0           1

    Negative   2        1         3          1            2

Table 2  Correlation between C-kit mutation and prognostic factors

                C-kit mutation-positive subtype        C-kit mutation-negative subtype
Prognostic                Total       χ2                P

   Case    Percent            Case         Percent

Total 82       34         48

Recurrence

    Yes 18       13         38            5            10 16.333              0.0001

    No 64       21         62            43            90

Metastasis 16       13         38            3            6 12.9649              0.0003

    Live 10       9         26            1            2

Abdominal cavity   3       2         6            1            2

    Distant   3       2         6            1            2

Prognosis

    Survival 63       20         59            43            90 11.6464              0.0006

    Death 19       14         41            5            10
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activity, presence of necrosis, presence of hemorrhage,
microscopic invasion to adjacent tissues, recurrence, distant
metastasis, as favorable factors of GIST. But histologic
distinction of benign from malignant tumors is often
difficult, and prediction of clinical outcome on the basis of
histologic characteristics alone is not always reliable, many
histologically malignant neoplasms were clinically benign.
Moreover, some tumors had conflicting features of both
benignancy and malignancy, and their malignant potential
has been labeled uncertain or indeterminate. In recent years,
C-kit protein expression and activated gene mutation have
been found in GIST[6-9], aggressive mastocytosis[10], mast
cell leukemia[11], ANLL with/without mast cell involvement
[10], myeloproliferative disorders[10], colon carcinoma[12] and
germ cell tumors[13]. Dections of  gene mutation have shown
a good correlation with biologic behavior in such tumors
and providing valuable adjunctive prognostic information.
In this study, we examined whether the presence of
mutation of C-kit gene is important as a prognostic factor
of GIST and found it to indicate a significantly poorer
prognosis.

First, we examined whether the presence of C-kit mutation
could be associated with clinicopathological features of
GISTs. Statistical analysis indicated that significant differences
were detected with tumor size, PCNA index, mitotic cell
number, presence of necrosis, microscopic invasion to adjacent
tissues between mutation-positive and mutation-negative
GISTs. While the age, sex, location of  tumor, cell type, the
presence of hemorrhage, and C-kit expression were
independently related to the presence of C-kit mutation.
This states that the mutation-positive GISTs were larger in
size and showed more frequent invasion of adjacent tissues,
the mutation-positive GISTs showed higher mitotic counts
and PCNA index and more necrosis within the tumors
histologically. Taken together, the mutation-positive GISTs
had more malignant histological features than the mutation-
negative GISTs. We also examined whether the presence
of C-kit mutation was associated with the clinical outcome.
The mutation-positive GISTs showed more frequent
recurrences, distant metastasis and, higher mortality than
the mutation-negative GISTs. There are at least possible
two explanations for this : GIST may be classified into two
subtypes, C-kit mutation-positive and mutation-negative
GISTs mutation-positive GISTs showed more malignant
features,; mutation-negative GISTs may acquire more
malignant phenotype due to the addition of C-kit mutation.

Recently, gain-of-function mutations of the juxtramemebrane
domain of C-kit , including deletions or point mutations
in exon11 were described in GIST[14-18]. These mutations
were shown to lead to spontaneous, lilgand-independent
tyrosine kinase activation. The stable transfection of murine
lymphoid cells with the mutant C-kit complementary DNA
was shown to induce malignant transformation, suggesting
pathogenetic significance of  such mutations. We have
expanded these observations and found that the C-kit
mutation in the exon11 predominantly occur in those GISTs
that are histologically and clinically malignant while benign
GISTs were not detected. This suggest that C-kit mutation
in the exon11 may be an important pathogenetic mechanism
of tumor malignant behavior. Moreover ,we found C-kit

mutations only in 60% of  the malignant GISTs. This may
suggest that additional pathogenetic mechanisms exist in
other cases, or that mutations occur in alternative sites.
Another study also showed correlation between the mutations
and disease progression.

There is no effective therapy for unresectable or
metastatic gastrointestinal stromal tumor, which is invariably
fatal. STI571, a phenylaminopyrimidine derivative, is a small
molecule that selectively inhibits the enzymatic activity of
C-kit gene. Joensuu et al.[19], found that inhibition by STI571
of the constitutively active mutant C-kit tyrosine kinase of
gastrointestinal stromal tumors was an effective therapy for
these tumors. There are two explanations for this: STI571
may be active in solid tumors that rely on the expression of
C-kit, ABL, or platelet-derived growth factor receptor while
GIST uniformly express C-kit; a tumor-specific C-kit
mutation appears to be the chief cause of this neoplasm.
Considering these findings, we conclude that C-kit mutation
is a undoubtedly pivotal event in GIST and may be
associated with poor prognosis. Evaluation of C-kit gene
mutation may have both prognosis and therapeutic
significances as the new tyrosine kinase inhibitor (STI571)
treatments are available.
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