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  P urpose: c-myc, bcl-2  and p53 are  known to regula te  
apoptosis. There  has been growing interest in analyzing 
their contribution to the pathogenesis and prognosis in a  
variety of human cancers. This study was undertaken to 
investigate  the expression of these proteins in pulmonary 
adenocarcinomas and to determine their re lationship with 
clinicopathologic parameters and survival.
  M ateria ls and M ethods: Archiva l tumor tissues from 61 
patients with adenocarcinoma of lung were ana lyzed by 
immunohistochemistry for the  expression of c-myc, bcl-2  
and p53  prote ins. C linica l information was obtained 
through the computerized retrospect database from the 
tumor registry.
  R esults: O f 61 patients, 32  were men and 29 women 
with the median age 63 years. 4  had stage I disease, 2
had stage  II disease  and 55  had stage III disease. The 
expression of c-myc prote in was identified in 13%  (8 /61) 
tumors, bcl-2  prote in was detected in 1 .6%  tumors (1 /61) 

and p53 was detected in 77%  (47/71) tumors. The  as-
socia tion of the expression of c-myc, bcl-2  and p53  was 
not detected. The surviva l time was longer in patients 
expressing c-myc protein than in patients without the c-myc 
protein expression (p=.045). N either bcl-2 nor p53 showed 
the corre la tion to clinicopathologic variables.
  C onclusion: O ur data  suggest the involvement of p53 
alteration in the pathogenesis of lung adenocarcinoma. The 
c-myc expression in some tumors indicates that c-myc 
a lone may not contribute  critica lly to the deve lopment 
and/or the  progression of these  tumors. It, however, 
corre lated to the surviva l time, suggesting the c-myc 
expression as a  favorable  prognostic factor possibly 
through the apoptosis pathway. (C ancer R esearch and 
Treatment 2004;36:146-150)

  Key W ords: c-myc prote in, bcl-2  prote in, p53 prote in, 

Lung neoplasm

Correspondence: Seok Jin Kang, Department of Pathology, St 

Vincent's Hospital Catholic University, Suwon 442-723, Korea. 

(Tel) 031-249-7591, (Fax) 031-244-6786, (E-mail) sjkang@ 

vincent.cuk.ac.kr

Received December 11, 2003, Accepted March 24, 2004

Presented at the 10th World Conference on Lung Cancer, 

Vancouver, Canada, August 10-14, 2003.

This study was supported by the 2003 Research Fund from the St 

Vincent's Hospital in Suwon, Korea.

INTRODUCTION

  Apoptosis is a distinct mode of cell death that is responsible 
for the deletion of cells in embryogenesis, the normal turnover 
of adult tissues and of malignant tumors (1). Oncogenes and 
tumor suppressor genes have been reported to play a role in 
the apoptosis pathway (2). It is well-known that c-myc, bcl-2 
and p53 regulate apoptosis. Increased c-myc expression has 
been shown to induce mitosis or apoptosis, depending on the 
availability of other critical growth stimuli. In the presence of 
such stimuli, c-myc acts as a classic proto-oncogene stimulating 
mitosis; in the absence of such stimuli, it initiates apoptosis (1). 

The dysregulated expression of c-myc contributes to the 
tumorigenesis of cervix, breast and colon cancer.  Thus, there 
has been growing interest in analyzing its contribution to the 
pathogenesis and prognosis of lung cancer (3~7). The tumor 
suppressor function of wild-type p53 is based on its capacity 
to produce G1 arrest and direct cells toward apoptosis whereas 
mutated p53 loses its capacity to induce apoptosis (8,9). A 
relationship between the p53 abnormality and the c-myc activa-
tion has been suggested (10,11). The bcl-2 protein is a known 
inhibitor of the p53-dependent and independent apoptosis 
pathway. Bcl-2 at high concentrations protects cells apoptosis 
induced by c-myc or wild-type p53 (12~14). However, the 
associations of these proteins and the correlation of their ex-
pression and the prognosis of lung cancer are still controversial 
(6,7,15~17).
  Lung cancer is a major cause of cancer death worldwide. 
Lung cancer has become the leading cause of cancer death in 
Korea. Although recent molecular studies have provided incre-
ased understanding of the biology of lung cancer, the essential 
genetic features along with factors for prognosis are yet to be 
determined. Presently, most studies focused on non-small cell 
lung cancer (NSCLC) including adenocarcinomas without an-
alyzing them separately. Thus, the literature contains limited 
data regarding these proteins in pulmonary adenocarcinoma, 
which may have a different mechanism of tumorigenesis as 
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Table 1. Median survival time (MST) of patients with adenocar-
cinoma according to clinical variables


Clinical Patients MST Log-rank test
variables (n=61) (weeks) p-value


Total 61 24 -
Age

＜61 20 45 0.018
≥61 41 23

Sex
Male 32 29.5 NS
Female 29 19

Tumor extent
T1, 2 22 25 NS
T3, 4 39 27

LN involvement

Negative 7 28 NS
Positive 54 17

Stage
I, II 6 56.5 NS
III 55 24



compared to other types of NSCLC. Furthermore, in many parts 
of the world, the incidence of adenocarcinoma of the lung has 
shown to be increased, possibly due to the increasing number 
of women who smoke. Women appear to be predisposed to 
develop carcinoma of this particular histological pattern (18). 
Another contributing factor may be the increasing popularity of 
low-tar and filter-tipped cigarettes.
  Here, we evaluated the expression of c-myc, bcl-2 and p53 
proteins in adenocarcinoma of the lung by staining formalin- 
fixed, paraffin-embedded, lung tumor tissue from patients with 
adenocarcinoma with corresponding antibody. Subsequently, 
the correlation of the expression of c-myc, bcl-2 or p53 proteins 
and clinicopathologic parameters was analyzed.

MATERIALS AND METHODS

  61 primary tumor tissues were obtained from patients with 
pulmonary adenocarcinoma. All patients were surgically treated 
at the Catholic University, St Vincent's Hospital between 
January 1, 2001 and December 31, 2002. None of patients had 
received therapy previously. Tissue samples were fixed in 10 
percent buffered formalin. After routine embedding, the final 
diagnosis was made by the light microscope examination. One 
author (JY) reviewed the histopathologic diagnosis and the 
tumor type according to the relevant WHO classification, tumor 
grade and the quality of tissue sections. Clinical information 
was obtained through the computerized retrospective database 
of tumor registry. Follow-up data were available from 61 
patients for the duration ranging from 4 to 138 weeks (31 
months), with the mean 78 weeks (18 months). 24 patients died 
during follow-up and 37 were alive at the time of study.
  For the detection of c-myc, bcl-2 and p53, immunohis-
tochemical staining was performed on the representative sec-
tions of archival, formalin-fixed, paraffin-embedded materials 

by the peroxidase-streptavidin method as described previously 
(19). Briefly, each block was cut into 5μm thick sections, 
which were deparaffinized in xylene and rehydrated in graded 
alcohols and water. Endogenous peroxidase was blocked by 
incubating in 3% H2O2 at 45oC for 4 minutes. The slides were 
heated in citrate buffer (2.1 g/l, pH 6.0) at 120oC for 15 
minutes to unmask the antigen, treated with a protein blocking 
reagent, and incubated at 4

oC overnight with primary antibody 
at 1：50 dilution as recommended by the supplier. The primary 
antibodies used were anti-c-myc antibody (NeoMarkers, Fre-
mont, CA), anti-bcl-2 antibody (Zymed Laboratories Inc., San 
Francisco, CA) and anti-p53 antibody (Zymed). After extensive 
washing, the sections were incubated at room temperature for 
10 minutes with biotinylated anti-mouse immunoglobulin anti-
bodies (Zymed) at 1：20 dilution and subsequently with stre-
ptavidin-biotin peroxidase complexes at 1：25 dilution. The 
staining was developed with 3-amino-9-ethylcarbazole. The nu-
clei were counterstained with Meyer's hematoxylin.
  All staining included positive and negative controls. The 
positive control for the expression of c-myc and p53 protein 
was breast carcinoma and for the expression of bcl-2 protein 
was tonsil. As the negative control of the immunohistoche-
mistry technique, the incubation with primary antibody was 
omitted. Tumor cells with nuclear staining were considered as 
positive for the c-myc and p53 expression. Tumor cells with 
cytoplasmic staining was considered as positive for the bcl-2 
protein. Three investigators examined the section staining and 
obtained the identical results in 92% cases. The remaining 
samples reviewed jointly and the consensus was obtained. 
  Statistical analysis was performed using the software SPSS 
10.0 (Seoul, Korea). Two-sided P value was determined by the 
log-rank test. The level of significance was set at 0.05. Survival 
was measured in weeks from the date of surgery. The actuarial 
survival curve was plotted with the method of Kaplan and 
Meier. The data other than survival were analyzed using 
Fisher's exact test.

RESULTS

  Clinical data are shown in Table 1. 61 patients, 32 men and 
29 women, were recruited. Their mean age was 61 years, 
ranged from 34 to 87 years. Patients younger than 61 years had 
significantly longer survival (p=0.018). However, the correla-
tion of the patient's age and tumor extent, lymph node 
involvement or tumor stage was not detected (Table 2). A 
possible explanations for the better prognosis in younger 
patients may be the rapid and uncomplicated recovery after 
surgery. All patients were staged at the time of their surgery 
according to the guidelines of the American Joint Committee 
on Cancer. Four had stage I disease, 2 had stage II disease, 
and 55 had stage III disease. The tumor extent had no effect 
on survival: the mean survival in patients with T1 or T2 tumors 
was 25 weeks and in patients with T3 or T4 tumors was 27 
weeks. On the other hand, the median survival time in patients 
without the lymph node involvement was 28 weeks. The 
median survival time in patients with the lymph node involve-
ment was decreased to 17 weeks. The median survival was 
longer in patients with stage I or II tumors than in patients with 
stage III tumors. Although the difference was not statistically 
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Table 2. Relationship between age and tumor extent, lymph node 
involvement or tumor stage


Age＜61 Age 61≥
p-value
(n=20) (n=41)


Tumor extent

T1, 2  7 (35%) 15 (37%) NS
T3, 4 13 (65%) 26 (63%)

LN involvement

Negative  1 (5%) 6 (15%) NS
Positive 19 (95%) 35 (85%)

Stage
I, II  2 (10%) 4 (10%) NS
III 18 (90%) 37 (90%)



Fig. 1. The expression of c-myc and p53 protein in pulmonary adenocarcinoma. (A) c-myc, (B) p53, Strong expression is present in the 

nucleus of tumor cells (magnification ×100).

Table 3. Median survival time (MST) of patients with adenocar-
cinoma according to expression of c-myc and p53


Patients MST Log-rank test
(n=61) (weeks) p-value


c-myc

Negative 53 23 0.045
Positive 8 65

bcl-2

Negative 60 24 NS
Positive 1 23

p53
Negative 14 27.5 NS
Positive 47 23



significant, stage and lymph node involvement may have effect 
on survival.
  The c-myc, bcl-2 and p53 protein was examined in 61 tumor 
samples. Negative and positive controls showed the expected 
results. The results of the analysis are summarized in Table 3. 
The expression of c-myc protein was identified in 13% samples 
(8/61) (Fig. 1A). 7% (3/42) survived less than 1 year. 26% 
(5/19) survived for 1 year or longer (p=.041). The bcl-2 protein 
was detected in only 1 patient. The overexpression of p53 
protein was detected in 77% tumor samples (47/61) (Fig. 1B). 
The mean survival time in patients with tumors expressing the 
c-myc protein was significantly longer than in patients with 
tumors absent the c-myc protein (65 weeks vs. 23 weeks, 
p=0.045). The association of the expression of c-myc, bcl-2 and 
p53 was not detected (Table 4). Other clinicopathologic 
parameters had no significant correlation to the expression of 
c-myc or p53 protein. Fig. 2 shows the survival curve of 
patients according to their expression of the c-myc and p53 
protein estimated by Kaplan-Meier method. 

DISCUSSION

  Here, we analyzed the correlation of the expression of the 
protooncogenes,c-myc and bcl-2, and the suppressor gene pro-
duct p53 in primary pulmonary adenocarcinomas to clinical 
parameters such as patient's age, sex, the tumor extent, the 
presence of lymph node metastasis, tumor stage and patient 
survival. 61 samples were analyzed.) Our data demonstrate that: 
(1) the c-myc protein was detected in a small number of tumor 
specimens (13/61). The expression, however, correlates to 
survival, (2) the bcl-2 oncoprotein was detected in only one 
case,  (3) the altered p53 protein was detected in the majority 
of the samples (47/61).
  The understanding of lung cancer pathogenesis is rapidly 
growing. The evidence indicates that several molecular genetic 
markers are involved in the initiation and/or progression of the 
disease. However, the interaction of the molecular genetic 
changes is complex and some of which are still controversial 
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Fig. 2. The survival of pulmonary adenocarcinoma patients and the expression of c-myc and p53 protein.

Table 4. Association among the expressions of c-myc, bcl-2 and 
p53 proteins


c-myc p53

 
+ - + -


bcl-2 + 1 0 1 0

- 7 53 46 14
           p-value        NS                NS

c-myc + 7 1
- 40 13

           p-value                           NS


in predicting aggressive behavior. The c-myc oncogene is 
known to regulate neoplastic development and apoptotic cell 
death (20). It has been reported to be amplified in small cell 
lung cancer (SCLC) and NSCLC, and has been linked to the 
malignancy of these cancers (3-7). The relatively high incidence 
of the c-myc amplification in tumor cell lines derived from 
SCLC than non-SCLC was detected (50~83% vs. 11~24%). 
This suggests that the myc family DNA amplification is not 
required for the initial steps of malignant transformation (5). 
Most investigations in the biology of lung cancer include either 
SCLC and/or NSCLC without histologic subtypes given in 
detail. However, squamous cell carcinomas and adenocar-
cinomas are morphologically quite different and differing gene-
tic mechanisms may be involved. In this paper, we have foc-
used on pulmonary adenocarcinomas and found that c-myc 
plays a role as a prognostic factor in these tumors. Presently, 
conflicting results have been obtained regarding the frequency 
and the clinical significance of the c-myc gene in different 
series of lung cancer, possibly due to the difference in tumor 
differentiation, histologic features, clinical stages, tumor grades 
and analytical procedures. The myc oncogens are usually found 
to be altered in SCLC, and the alteration appears to correlate 
to rapid growth and poor prognosis (3-5,21). The c-myc expres-
sion rate was reported to be higher in squamous cell lung 
carcinomas than in adenocarcinomas (49% vs. 29%) (7, 22). On 
the other hand, other investigators could not detect the statisti-
cally significant difference between groups of SCLC and NSC-
LC, among different histologic subtypes (squamous cell carci-
nomas, adenocarcinomas, large cell carcinomas and small cell 
carcinomas) of bronchial cancers in the prevalence of its ex-
pression, and the relationship between c-myc expression and 
other clinical parameters (6,7,22). Our observation of the asso-
ciation of the c-myc expression with survival is not surprising 
as the c-myc expression is well-known to be significantly 
enhanced in well-differentiated tumors (23). Six out of 8 tumors 
that we detected the expression of c-myc protein were well dif-
ferentiated (data not shown). The clinical importance of the 
observations is supported by the reported correlation between 
the low expression of the c-myc gene product and poor 

prognosis (24). Further studies on the alteration of this gene 
in larger series along with long-term follow-up will clarify the 
role of c-myc protein in prognostic implication of pulmonary 
adenocarcinomas and may yield useful prognostic information 
in future.
  The proto-oncogene bcl-2 encodes a protein that protects cells 
from apoptosis (25). It is known to be involved in the 14;18 
translocation, a chromosomal abnormality present in a portion 
of human B-cell lymphomas (1). However, the data on the 
bcl-2 expression in lung cancer are very limited. Furthermore 
the prognostic significance of bcl-2 is controversial. Initially, 
the bcl-2 expression in NSCLC has been reported to be a 
favorable prognostic factor. Subsequent studies, however, did 
not support this result. Pezzella et al. has recently proposed that 
the bcl-2 expression may have prognostic importance in 
non-small cell lung carcinomas: they detected the bcl-2 protein 
in 20% of tumors and its expression correlated to survival (15). 
Gaffney et al. demonstrated that the bcl-2 expression in some 
lung carcinomas was not related to the extent of apoptosis and 
prognosis (16). In our study, the bcl-2 protein was present in 
only one sample. This is in agreement with the results of other 
investigations on pulmonary adenocarcinomas, the range was 
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from 0 to 12% (14). The lack of bcl-2 expression suggests that 
bcl-2 protein does not play a critical role in the tumorigenesis 
of these tumors.
  In contrast to bcl-2, the p53 alteration was identified in the 
majority of our samples, which may indicate their involvement 
in the pathogenesis of adenocarcinomas of the lung, although 
they did not provide additional prognostic information.

CONCLUSIONS

  In this study, our data suggest that c-myc alone may not 
contribute critically to the development and/or progression of 
pulmonary adenocarcinomas. P53, on the other hand, may play 
an important role in the tumorigenesis of these tumors. It is 
noteworthy that c-myc may be a better prognostic factor. Our 
results show the absence of the correlation of the expression 
of c-myc, bcl-2 and p53, which suggests that there may be 
other oncogene products and/or additional factors that regulate 
apoptosis in vivo. 
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