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  P urpose: Increasing experimental evidence indicates 
that abnormal expression of c-kit may be implicated in the
pathogenesis of a  varie ty of solid tumors. It has been 
reported that over 70%  of small ce ll lung cancer (S C LC )
contain the  c-kit receptor. In the present study, a  c-kit 
analysis has been extended to non-small ce ll lung cancer
(N S C LC ). The expressions of p53, vascular endothelia l
growth factor (V E G F) and cd34 , in addition to c-kit, were
evaluated to investigate  the corre la tions between these 
proteins and to determine their potential relationships with
the clinicopathologica l data .
  M ateria ls and M ethods: P araffin-embedded tumor 
sections, obta ined from 147 patients with N S C LC , were 
immunohistochemically investigated using anti-c-kit, anti- 
p53, anti-V E G F and anti-cd34 antibodies.
  R esults: c-kit was expressed in 40 (27% ) of the tumors
examined: 27%  of the adenocarcinomas, 27%  of the  
squamous ce ll carcinomas and 29%  of the  undifferen-

tiated carcinomas. p53 and VEG  F immunoreactivities were
present in 107 (73% ) and 110  (75% ) carcinomas, 
respective ly. Anti-cd34 was negative  in a ll samples. N o 
associa tions were established among these prote ins. The 
c-kit, however, showed a  strong corre lation with the T  
factor: T1 (n=11), 0% ; T2 (n=49), 16%  and T3 (n=87), 37%
(p=.006). 
  C onclusion: It is suggested that in N S C LC  c-kit is 
expressed re lative ly frequently and may become a  thera-
peutic target for the  patients with inoperable  or recurrent
c-kit positive  tumors. The  a lterations in p53  probably 
constitute  an early event, whereas the  activated c-kit may
contribute  to tumor progression. (C ancer R esearch and 
Treatment 2004;36:167-172)
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INTRODUCTION

  The kit receptor is a 145~165 kd transmembrane protein that 
exhibits protein tyrosine kinase activity (1). Its ligand, stem cell 
factor (SCF), is an early hematopoietic growth factor that, in 
conjunction with other hematopoietic growth factors, supports 
the proliferation and differentiation of multiple hematopoietic 
cell lineages, and has an effect on the control of gametogenesis 
and melanogenesis through the interaction between c-kit and 
SCF. Binding of SCF to the kit receptor results in tyrosine 
autophosphorylation, leading to the activation of its kinase 
activity, which ultimately induces the complex biological res-
ponses involved in the normal cellular physiology as well as 

in tumorigenesis (2). Abnormal expression of c-kit has been 
implicated in the pathogenesis of myeloid leukemias and 
various solid human malignancies, such as gastrointestinal 
stromal tumors, melanomas, glioblastomas, germ cell tumors, 
and breast and small cell lung cancers (SCLC) (3~10). SCLC 
is a distinct clinicopathological entity among lung cancers, with 
a very aggressive clinical course and neuroendocrine properties. 
Because of the relatively high percentage of c-kit expression 
in SCLC (8,9), their rapid progression may be explained by the 
stimulation of tumor cell growth induced by growth factors, 
including the ligand for the c-kit product.
  In the present study, a c-kit analysis was extended to 
non-small cell lung cancer (NSCLC) to determine the frequency 
of its expression and any potential relationships between c-kit 
expression, pathological factors and clinical outcomes. All the 
cases were further immunohistochemically analyzed using 
anti-cd34, anti-p53 and anti-vascular endothelial growth factor 
(VEGF) antibodies.

MATERIALS AND METHODS

    1) Patients

  Tumor tissue samples were obtained from the primary tumors 
of 147 NSCLC patients, whose follow-up data were available. 
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Table 1. Clinicopathologic data and the results of immunohistochemical studies of the patients with NSCLC (n=147)


MST* c-kit p53
VEGF

   
weeks p-value + p-value + p-value +

p-value


Age
NS

† NS† NS† NS†

＜58 (n=32) 45  8 21 24
≥58 (n=115) 25 32 86 86

Sex
NS

† NS† NS† NS†

Male (n=106) 28 30 74 87
Female (n=41) 19 10 33 23

Hisologic type

NS
† NS† NS† NS†

SCC‡ (n=63) 25.5 17 45 46

AC§ (n=60) 26.5 16 46 50

UC
∥ (n=24) 27.5  7 16 14

Tumor extent
NS† NS†,¶ NS†

T1,2 (n=60) 36  8 0.006 48 37
T3 (n=87) 23 32 59 73

LN involvement

NS
† NS† NS† NS†

Negative (n=21) 24  5 17 19
Positive (n=126) 12 35 90 91

Stage
NS

† NS† NS†

I, II (n=21) 54 0.016 3 16 16
III (n=126) 23 37 91 94


*mean survival time, †not significant, ‡squamous cell carcinoma,§adenocarcinoma, ∥undifferentiated carcinoma,¶p=.053

All patients had received no prior therapy and were surgically 
treated in this institute between January 1, 2000 and December 
31, 2002. Tumors were classified according to the WHO 
classifications (11), and staged according to the tumor-node- 
metastasis staging system recommended by the American Joint 
Committee on Cancer (12). Clinical information was obtained 
through a computerized prospective database of the tumor 
registry. The survival times of the patients were calculated from 
the date of surgery. The follow-up was conducted until August 
2003, for a mean of 78 weeks (19 months). Eighty-two patients 
were alive at the time of this study, while 36 died and 29 were 
lost to follow-up.

    2) Immunohistochemical staining

  Tissue samples were fixed in 10 percent buffered formalin. 
After routine embedding, the final diagnosis was made by light 
microscopy. Immunohistochemical staining was performed on 
the representative sections of archival, formalin-fixed, paraffin- 
embedded material using a sensitive peroxidase-streptavidin 
method, as described previously (13), for the detection of the 
following antigens: c-kit (Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA), cd34 (Zymed Laboratories Inc., San Francisco, CA), 
p53 (Zymed) and VEGF (Santa Cruz). Briefly, 5μm thick sec-
tions were mounted on poly-L-lysine-coated slides, deparaf-

finized in xylene and rehydrated in graded alcohols and water. 
The endogenous peroxidase was blocked by soaking in 3% 
H2O2 at 45oC for 4 min. Antigen retrieval was performed by 
immersing the slides in a citrate buffer (2.1 g/l, pH 6.0) and 
then heating in a microwave oven for 15 min. The slides were 
treated with a protein blocking reagent before incubation, 
overnight, at 4oC, with primary antibodies at a 1：50 dilution, 
as recommended by the supplier. After extensive washing, the 
sections were incubated at room temperature for 10 min with 
biotinylated anti-mouse immunoglobulin antibodies (Zymed), at 
a 1：20 dilution, and subsequently with streptavidin-biotin 
peroxidase complexes at a 1：25 dilution. The color was devel-
oped by incubating the slides for 20 min with 3, 3'-diamino-
benzidine tetrahydrochloride (Zymed). Counterstaining was per-
formed using Mayer’s hematoxylin.
  All series included positive and negative controls. A gastroin-
testinal stromal tumor specimen, with known c-kit positivity, 
was used as the positive control for c-kit expression. Other 
positive controls included; capillaries of normal lung tissue for 
cd34, breast carcinoma for p53 and bronchial epithelium for 
VEGF. As negative controls of the immunohistochemistry 
technique, the primary antibody was omitted. For c-kit and 
cd34, immunohistochemical findings were scored positive when 
≥30% of the neoplastic tissue was immunoreactive along the 
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Fig. 1. Immunohistochemical positivity with the anti-c-kit antibody 

was detected along the cell-surface membrane and/or in the 

cytoplasm of the squamous cell carcinoma. ABC method 

(×200).

Fig. 3. Dense cytoplasmic positivity with VEGF was observed in the 

large cell undifferentiated carcinoma. ABC method (×200). 

Fig. 2. Immunoreactivity with p53 was found in the nucleus of 

the squamous cell carcinoma. ABC method (×200).

cell-surface membrane and/or in the cytoplasm. Tumor cells 
showing a nuclear staining pattern were interpreted as positive 
for p53. VEGF immunostaining was considered positive if cyto-
plasmic staining was clearly present in ≥30% of the carcinoma 
cells.

    3) Statistical analysis

  Statistical analyses were carried out using the SPSS software 
package (version 10.0, Seoul, Korea). Two-sided p values were 
determined with a log-rank test. The level of significance was 
set at 0.05.

RESULTS

  The clinicopathological data are shown in Table 1, along with 
the immunohistochemical status. Of the 147 patients, there were 
106 men (72%) and 41 women (28%). The patients ages ranged 
from 33 to 87 years (median 63 years): 32 were less than 58 
years of age and 115 were 58 years or older. Patients less than 
58 years of age had longer survivals, but this was not 
significant. As for the tumor type, 63 had squamous cell 
carcinomas, 60 adenocarcinomas and 24 undifferentiated car-
cinomas. There were 8, 13 and 126 patients with stages I, II 
and III tumors, respectively. The stage had an effect on the 
survival (p=.016); histological type, tumor extent and lymph 
node status exhibited no effects on the survival. 
  All the samples were investigated for the expressions of 
c-kit, cd-34, p53 and VEGF. The negative and positive controls 
showed the expected results. c-kit expression was identified in 
40 cases (27%) (Fig. 1); 27, 27 and 29% of the squamous cell 
carcinomas, adenocarcinomas and undifferentiated carcinomas, 
respectively. Of the 60 tumors with either T1 or T2, positive 
immunostaining for c-kit was observed in 8 (13%), while it was 
expressed in 32 (37%) of the 87 T3 tumors (p=.006): T1 
(n=11), 0%; T2 (n=49), 16% and T3 (n=87), 37%. The majority 
of c-kit-positive cases were lymph node-positive or a stage III 
disease, but with no statistical significance. cd-34 was detected 

in none of the samples. p53 was overexpressed in 107 (73%) 
samples (Fig. 2). Forty-eight of the 60 (80%) T1 or T2 tumors 
had detectable p53 protein compared with 59 of the 87 (68%) 
T3 specimens: this difference approached statistical significance 
for a negative correlation (p=.053). Positive immunoreactivity 
for VEGF was observed in 110 cases (75%) (Fig. 3). As with 
the c-kit expression, the majority of p53- or VEGF-positive 
samples had a tendency toward lymph node involvement and 
a higher stage, but no statistical significance was found. No 
association was established between the expressions of c-kit, 
cd-34, p53 and VEGF. Fig. 4 shows the survival curves 
(Kaplan-Meier estimates) of patients according to the clinico-
pathological parameters. The mean survival time had no signifi-
cant correlation with the molecular marker status.

DISCUSSION

  The expressions of c-kit, cd-34, p53 and VEGF were analyzed 
in 147 NSCLC, and evaluated for possible correlations with the 
patients' clinicopathological parameters (age, gender, and tumor 
extent, presence of lymph node metastases, tumor stage and 
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patient survival). The major findings of our study were as follows: 
(1) c-kit was expressed in a significant fraction of NSCLC, 
independent of histological types; (2) p53 and VEGF were 
present in the majority of the samples, while cd-34 was lacking 
and (3) c-kit showed a strong correlation with the T factor.
  The understanding of cancer pathogenesis is rapidly growing, 
with mounting evidence indicating the involvement of several 
molecular genetic markers in the initiation and/or progression 
of the disease. The interactions of the molecular genetic 
changes are complex; however, some may be important targets 
for the development of specific inhibitors, serving as potential 
chemotherapeutic agents. The c-kit proto-oncogene appears to 
be involved, via the SCF/c-kit pathway, in the tumorigenesis 
of human malignancies, including blood-cell malignancies, as 
well as gastrointestinal tumors, neuroblastomas, breast carcino-
mas, testicular germ cell tumors and gynecological tumors 
(3~7). The fact that kit activation is likely to contribute to the 
development of these tumors has led to efforts to block kit- 
mediated mitogen signaling. Several investigations have de-
monstrated the effectiveness of tyrosine kinase inhibitors on 
tumors with kit expression (7,10,14). Accordingly, kit-inhibitors 
and their derivatives may play roles in the treatment of tumors 
where kit activation occurs. In lung tumors, co-expression of 

both the kit receptor and its ligand, SCF, has been reported in 
at least 70% of SCLC cell lines and tumor specimens (8,9). 
STI-571, a tyrosine kinase inhibitor, was shown to be useful 
in a clinical trial for patients with SCLC (10,15). Since SCLC 
comprises only 20 to 25% of all lung cancers, it is important 
to establish the extent of receptor expression in NSCLC. The 
literature; however, contains very limited data regarding the kit 
status in this group of tumors. Pietsch et al. (16) demonstrated 
25% (26/106) c-kit immunoreactivity, which was consistent 
with our results (27%). However, in their study, the incidence 
varied according to the histological subtype; 30% of adeno-
carcinomas, 15% of squamous cell carcinomas and 40% of 
large-cell undifferentiated carcinomas. Although this may 
reflect a dissimilar significance in different NSCLC subtypes, 
our study demonstrated no difference in the frequency accord-
ing to the histological type. Differences in tumor differentia-
tion or analytical procedures, and tumor heterogeneity, may 
have contributed to this discrepancy.
  Despite the rapidly expanding literature on the biochemical 
and physiological properties of c-kit protein, few data are 
available on NSCLC with regard to its potential relationship to 
the clinicopathological variables. Our data revealed a significant 
correlation between the c-kit activity and the tumor extent. 

Fig. 4. Kaplan-Meier estimates of patient survivals 

in cases of NSCLC (total n=147 patients) are 

presented according to age, gender, histo-

logical type, tumor extent, lymph node status, 

stage and the expressions of c-kit, p53 and 

VEGF. 
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Thus, it is likely that c-kit induces malignant progression in 
these tumors. Further studies, including a large number of 
tumors, will be necessary to find its application as a potential 
marker in the progression of NSCLC.
  p53 is the most common and important tumor suppressor 
gene (17,18). Aberrant expression of p53 has been reported in 
various malignancies, including lung cancer. Studies have found 
p53 alterations in 40~80% of NSCLC, with more frequent 
mutations in tumors of squamous histology (19,20). In the 
present study, the overall p53 overexpression rate was 72%, 
which was independent of the histological types. The pro-
gnostic significance of altered p53 is still controversial; abnor-
mal p53 has been described as an independent prognostic factor 
for a favorable outcome in some studies, but unfavorable in 
others (21,22). Our data revealed significance of p53 expres-
sion on the prognosis. However, it was most frequent in T1 
tumors (91%) compared to T2 (78%) and T3 (68%) tumors. 
The expressions in T1 or T2 versus T3 tumors approached sta-
tistical significance for a negative relationship, with a p-value 
of 0.053. Along with the previous findings of mutations in p53 
in squamous dysplasia and atypical adenomatous hyperplasia 
associated with NSCLC (23), this may suggest that, unlike 
c-kit, p53 plays no critical role in tumor progression, but is 
involved in the early stage of the development of lung cancer. 
The widespread loss of heterozygosity for p53 has been 
detected in stage I recurrent and non-recurrent tumors (19), 
supporting that p53 alteration may occur early, and by its self 
may not be sufficient for tumorigenesis, but create genetic 
instability that allow the other critical mutations to develop.
  Several recent studies have indicated that p53 might be 
involved in angiogenesis, which is an essential process in the 
development and progression of malignant tumors, including 
NSCLC. VEGF is one of the most potent angiogenic factors, 
and seems to play an important role in the proliferation and 
migration of endothelial cells, providing nourishment to the 
growing tumors. In NSCLC, VEGF-positivity varied from 61 
to 92.3% (24), which was in agreement with our result of 75% 
VEGF immunoreactivity. VEGF expression has been found to 
be a significant independent prognostic factor for the survival 
of patients with NSCLC. However, Baillie et al. (25) failed to 
establish any correlation in NSCLC. In the present study, the 
mean survival time did not correlate with the VEGF status. 
Although T1 and T2 tumors had lower percentages of VEGF- 
positivity than T3 tumors (62 vs. 84%), the difference was not 
statistically significant. Thus, VEGF on its own may not have 
prognostic value in this type of cancer, but may become a 
useful indicator when combined with other factors, including 
vascularity and proliferation, which are currently being 
investigated in our laboratories with a large number of patients.

CONCLUSIONS

  c-kit is expressed relatively frequently in NSCLC and may 
become a therapeutic target for patients, particularly those with 
inoperable or recurrent c-kit positive tumors. The alterations in 
p53 probably constitute an early event, whereas the abnor-
malities in c-kit seem to be involved in tumor progression.
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