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Abstract
The p53 gene has been implicated as a tumor suppressor gene involved
in the pathogenesis of lung cancer. Our previous study revealed that the
p53 gene is frequently mutated with a distinct nucleotide substitution
pattern in small cell lung cancer specimens in Japanese patients. In this
study, we examined 30 primary, resected non-small cell lung cancer
samples in Japanese patients using complementary DNA-polymerase
chain reaction and sequencing. Mutations changing the p53 coding se
quence were found in 14 of 30 tumor samples (47%), while C:C to T:A
transversions which are uncommon in other cancers such as colon cancer
were the most frequently observed mutations, in agreement with an earlier
report on non-small cell lung cancer in American patients. Furthermore,
the present study shows for the first time that in univariate and multivariate analyses, the presence o(p53 mutations is closely associated with
lifetime cigarette consumption.

Introduction
The incidence of lung cancer is dramatically increasing in
Japan and is expected to become the leading cause of cancer
deaths in the near future (1). Unfortunately, as many as 90%
of patients diagnosed with lung cancer still die of their disease,
but recent progress in the molecular biology of lung cancer has
reached a point where it can provide a basis for novel strategies
in the prevention and treatment of this disease (2, 3). Accu
mulating evidence indicates that changes both in dominant
oncogenes and in tumor suppressor genes are probably neces
sary for malignant transformation of normal bronchial epithe
lial cells. Among such genetic abnormalities, the pS3 gene
appears to be the most frequent target (4-8). Our previous
study revealed that a different nucleotide substitution pattern
exists in small cell lung cancer in Japan when compared to that
in the United States, suggesting the involvement of a distinct
mutagenic process in each of these two populations (7).
Thus, the current study was initiated (a) to determine the
frequency, location, and nature of p53 mutations in NSCLC3
in Japan and to compare them with those of NSCLC in the
United States and (b) to correlate p53 mutations with clinical
data. Our findings showed that p53 mutations in NSCLC
tumors in Japanese patients are similar to those in American

patients, although p53 mutations at a prominent hot spot
(codon 273) known in the United States were not observed in
cases in Japan. We also found for the first time that the presence
of p53 mutations is closely associated with lifetime cigarette
consumption.
Materials

and Methods

Tumor Samples, Clinical Data, and Statistical Analyses. Thirty tumor
specimens from 30 patients with NSCLC were obtained during surgery
at the Aichi Cancer Center in Japan. Tumors were quick frozen and
stored at -135Â°C until use. DNA and RNA were prepared from tumor
samples as described previously (9). For clinical and postsurgical path
ological stages, the new international staging system for lung cancer
was used (10). Univariate and multivariate analyses of factors poten
tially related to p53 mutations were performed by means of the logistic
regression model to investigate the single and joint effects of these
factors. All molecular genetic studies were done without knowledge of
the clinical data.
cDNA/PCR Amplification and Sequencing. First-strand cDNA was
synthesized using 25 Â¿tgof total cellular RNA with random hexanucleotide primers, and subsequent PCR was performed with one-fiftieth
of the synthesized cDNA, as described previously (11). The primers
used to amplify the entire open reading frame of p53 cDNA were 5'AGTCAAGCTTGACGGTGACACGCTTCCCTGGATT
and antisense, 5'-AGTCGAATTCTCAGTGGGGAACAAGAAGTGGAGA.
cDNA/PCR amplification was performed for 30 cycles at 94"C (1 min),
58Â°C(2 min), and 72Â°C(6 min) followed by 10 min of extention at
72Â°C.After digestion with ///mil 11and Â£coRI,the PCR products were
cloned into the //mdlll-fcoRI
site of pGEM7Zf(+) (Promega, Madi
son, WI). The plasmid DNA prepared from pooled clones was sequenced using p53 specific primers and a DSP-240 DNA processor
(Seiko, Tokyo, Japan) by the dideoxy method, as described previously
(7). Identified mutations were confirmed by separate cDNA/PCR am
plification and subsequent sequencing.
Genomic DNA/PCR Amplification and Sequencing. For tumor sam
ples which exhibited large deletions at the exon-exon boundaries inp53
cDNAs, we analyzed the putative abnormal splicing junctions. One /ig
of genomic DNA was amplified with appropriate primers (each set
specific for the mutation involved). The genomic DNA/PCR amplifi
cation consisted of 30 cycles (94Â°Cfor 1 min, 58Â°Cfor 2 min, 72Â°Cfor
6 min) after an initial denaturation step (94Â°Cfor 5 min). Direct
sequencing for genomic DNA/PCR products was performed using
nested primers as described previously (11).
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Results and Discussion
Identification of p53 Mutations in NSCLC Tumor Specimens.
We examined exons 4 through 9 of p53 in cDNA prepared
from 30 NSCLC tumor specimens which were surgically re
moved as part of potentially curative resections from 30 patients
at the Aichi Cancer Center. p53 mutations were found in 14 of
these 30 NSCLC tumors (47%) (Table 1). Eleven of the 14
samples contained missense mutations, while 1 tumor sample
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Table 1 p53 gene mutations in NSCLC
Tumor
sampleLiliLI

substitutionGGC

Japan

acid
substitutionGly

ValVal
to
GTCGTC
to
PheArg
to
TTCCGC
to
24LI
LeuHis
to
CTCCAT
to
10LI16L112L213L107L206L215L203L168LI
CGTCTT
to
ArgLeu
to
ArgGly
to
CGTGGC
to
TGCCGG
to
CysArg
to
GinArg
to
CAGAGG
to
ATGCCC
to
MetPro
to
PheCys
to
TTCTGT
to
TTTCGG
to
PheArg
to
TrpVal
to
TGG3-base
to
14Â°L
deletionAG
pair
deletionInframe
to
126Â°L108Â°Codon154157175179194245248249250275282216-218*Inlron
ofcodons
deletion
3Intron
TG5-base
to
33-125Inframe
pair
deletionAmino
ofcodons
deletion
7Nucleotide
262-269
Tumor samples with no mutations:
L7, L12, L109, LI 19, L122, L125, L127, L167. L169, L183, L199, L207,
L210. L212, L214, L223.
Â°Both mutant and wild-type p53 mRNA were expressed in these tumor
samples.
4 A three-base pair inframe deletion (GTG) was identified in the GTG triplet
at codons 216 to 218.

(LI 14) had a 3-base pair inframe deletion in the coding se
quence. In 2 tumors (LI08, L126), large inframe deletions at
the exon-exon boundaries in the cDNAs suggested the involve
ment of abnormal splicings (11). Therefore, we also performed
genomic DNA/PCR amplification and subsequent direct se
quencing. L108 contained a 5-base pair deletion in the splice
acceptor consensus of intron 7 (GAGTAG), which resulted in
the use of a cryptic acceptor site at codon 269. L126 had an
intronic point mutation in the splice acceptor site of intron 3
(AG to TG) which caused exclusion of the entire exon 4

USA
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1
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200
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300

393
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Fig. \.p53 missense mutations in NSCLC tumors of the Japanese patients in
this study are shown above the schematic diagram for p53 protein compared with
findings in NSCLC tumors of American patients (6). The five conserved regions
( ) and the two predicted large T-antigen binding regions (D) are indicated (14).
Arrows, points of mutation.

sequence from the resulting cDNA.
In general, the type of mutations reflects the mutagens in
volved. For example, G:C to T:A transversions can be caused
by benzo[a]pyrene which is contained in cigarette smoke (12
G:C to T:A transversions, which are uncommon in p53 muta
tions in other types of human cancers (13), were observed in
NSCLC tumors at a frequency of 50%. Our results are in
agreement with those previously reported for lung cancer, sug
gesting a common mutagen involved in lung cancer (5-7).
The mutations found in NSCLC were scattered throughout
the low charge region in the central part of the p53 protein
(Fig. 1) ( 14). We note that together with the data of our previous
analysis of small cell lung cancer (7), no p53 mutations at codon
273 which is a known hot spot in American patients (6) have
been found in Japan thus far (0 of 26). These observations may
suggest a possible involvement of a distinct mutagenic process
between these two populations as discussed below, although the
number of cases studied is still too small to draw this conclusion
definitely.

Table 2 Correlation between clinical features and p53 mutations in NSCLC
statusMutant62
feature"AgeSexMaleFemaleClinicopathological
Clinical

P0.999e
ratio
11.7Â»1225637347248601026
Â±
0.9860.214
11.59731218447454111424
Â±

ratio0.971e0.798NI'NI0.9540.642'LOOS'p0.5020.860N

0.0920.911
statusT,T,T,N.N,N,StageIIIIIIAHistologySquamous
0.9371.105

0.9080.955

0.9560.247'
cellAdenocarcinomaLarge
0.0641.0037

cellSmoking

Â±504*Normal62
(cigarettes/day years)p53
Â±425UnivariateOdds
" Data on 30 patients tabulated.
Â»Mean Â±SD.
' For an increase of 1 year in age.
rfNI, not included.
' Histology was dichotomized for analysis (squamous cell carcinoma versus other histological types).
^For an increase of 1 unit in lifetime cigarette consumption (1 cigarette/day for 1 year).

0.009MultivariatcOdds
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Correlation of p53 Mutations with Clinical Data. This study
was unblinded after completing analysis of p53 mutations.
Statistical analysis for the p53 mutations was then performed
to correlate with the clinical data (Table 2). Mutations in the
p53 gene were found even in small tumors (T,) without any
nodal mÃ©tastases(N0). There were no significant differences in
the frequency of mutations with respect to tumor size (T), nodal
involvement (N), or clinical stage. The frequency varied among
the different histolÃ³gica! subtypes of NSCLC (67% in squamous
cell carcinoma and 35% in adenocarcinoma), a finding which
generally agrees with a previous report in which American
patients with p53 abnormalities were shown at 65% in squa
mous cell carcinoma and 33% in adenocarcinoma (6).
We could not find any statistically significant association
between the presence of p53 mutations and age, sex, clinical
stage, or histology. In univariate analyses, however, the amount
of lifetime cigarette consumption (cigarettes/day x years) was
closely associated with p53 status (P < 0.01; Table 2). Using
the logistic regression model, multivariate analysis was per
formed to investigate the independence of "lifetime cigarette
consumption" as a predictive factor for mutation. This "lifetime
cigarette consumption" was the only factor shown to be closely
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