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ABSTRACT

Lung cancer is the leading and second-leading cause of cancer deaths
among women and men in Taiwan, respectively. However, the molecular
mechanisms involved m lung tumorigenesis in Taiwan remain poorly
defined. A study that analyzed the mutation spectrum of the p53 tumor
suppressor gene in 35 female lung cancer patients In Hong Kong showed
that a high proportion of the mutations observed were deletions, suggest
lug the possible involvement of a distinct mutagenic factor(s) In Chinese
female lung cancer patients (Y. Takagi et aL, Cancer Res., 55: 5354â€”5357,
1995). Therefore, to gain insight into the role ofthep53 tumor suppressor
gene and possible etlological factors in lung tumorigenesis in Taiwan, we
investigated the mutation spectra of exons 4-11 in the p5.3 tumor sup
pressor gene of 60 lung cancer patients In Taiwan. These data were also
correlated with clinical pathological characteristics of patients. Lung hi
mors were surgicaHy resected, genomic DNA was isOlated, and their
mutation spectra were examined using PCR/slngle-strand conformational
polymorphism analysis and direct sequencing. The frequency ofp53 gene
mutation was 18% (11 of 60). However, distinct patterns of p53 gene
mutation were observed. Seven of 11 mutations detected (64%) were
deletions of 1â€”12bp at G:C bp or at bp In the Immediate Vicinity of
repetitive sequences and/or tandem repeat sequences. In addition, two
patients (2 of 11, 18%) exhibIted nonsense mutations. In contrast to the
frequent occurrence ofmissense mutations in thepS3 gene reported in the
literature, the majority (82%) of the mutations in lung cancer patients in
Taiwan were nonmissense mutations, i.e., deletions and nonsense mute
tlons. Immunohistochemical staining Indicated thatp53 mutations includ
lug non-in-frame deletions and nonsense mutations all resulted In no
expression ofp53 protein. Notably, mutations occurred more frequently in
patients suffering from squamous cell carcinoma (SQ). Nine of 31 SQ
patients (29%) exhibIted deletions or nonsense mutations, suggesting that
deletions and nonsense mutations in the p5.3 gene are involved in the
formation of SQ In Taiwan. In addition, mutations occurred more fre
quently in patients with stage Ill or IV lung cancer. However, mutations
were not correlated with patients' smoking habits. Our data suggest that
p53 gene mutation Involved in the formation of SQ and distinct environ
mental factor(s) and/or genetic factor(s) that induced specific short dele
dons in repeat sequences may be involved in lung tumorigenesis in Tal
wan.

INTRODUCTION

Malignant neoplasms have been the leading cause of death in
Taiwan since 1982. Lung cancer is the leading and second-leading
cause of cancer deaths in women and men in Taiwan, respectively (1).
Notably, the epidemiological characteristics of lung cancer in Taiwan
differ from those in the United States and many European countries.
A low male:female ratio of 2: 1 for lung cancer mortality is observed.
In addition, the distribution of cigarette smokers (60% for male and
4% for female) in Taiwan is different from that in other countries
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(about35% for both male and female;Ref. 2). Epidemiological
studies conducted in mainland China and Taiwan have shown that
cigarette smoking is the principal risk factor of lung cancer (3, 4).
More recent studies have also suggested that some other potential risk
factors, including passive smoking (5), cooking oil vapors (6, 7),
incense burning (8), and occupational exposures (9), are related to
lung cancer in Chinese patients. However, the molecular mechanisms
involved remain poorly defined.

Mutation spectrum analyses of cancer-related genes found in tu
mors may reveal etiological mutagenic factors. Alterations in the p53
tumor suppressor gene are the most common genetic alterations found
in human malignancies (10â€”14).Studies done in the United States,
many European countries, and Japan have indicated that p13 muta

tions are common in lung cancer patients, with the highest prevalence
(70%) occurring among SCLC3 patients, and the lowest prevalence
(24%) occurring among AD patients (reviewed in Refs. 10 and 13â€”
15). The predominantmutation is G:Câ€”Ã·T:Atransversion with a
preponderance of guanine residues on the nontranscribed strand (re
viewed in Refs. 11 and 14). This spectrum is consistent with data on
several different types of chemical carcinogens found in tobacco and
other combustion particulates (16, 17). However, a recent study done
by Takagi et a!. (18) on 35 Chinese female lung cancer patients in
Hong Kong reported a low frequency (7 of 35, 20%) ofp53 mutation.
Notably, a distinct mutation spectrum of the p53 gene with a preva
lence of single-base deletions in 3 of 7 (43%) mutations was observed,
suggesting that different etiological roles of the p.5.3tumor suppressor
gene and unique environmental/genetic factors may be involved in
tumorigenesis of Chinese lung cancer patients.

The purpose of the present study was to investigate the role of the
p53 tumorsuppressorgene andto gain insight into possible etiological
factors involved in lung tumorigenesis in Taiwan. We investigated the
frequency and mutation spectra of exons 4â€”11of the p5.3 tumor
suppressor gene using genomic DNA from 60 lung cancer patients in
Taiwan. Earlier studies (10â€”14)noted that most p53 mutations oc
curred in the regions of the gene that are highly conserved through
evolution, primarily in exons 5â€”8.However, some more recent stud
ies suggest that mutations also occur outside these domains (19â€”21).
Therefore, we examined the mutation spectra of exons 4â€”11. We
found that mutation frequency of the p53 tumor suppressor gene was
low, i.e., 18% (11 of 60). However, distinct patterns of gene mutation
were found. A majority (9 of 11, 82%) of the mutations in lung cancer
patients in Taiwan were nonmissense mutations, i.e., deletions and
nonsense mutations. Mutations occurred more frequently in patients
suffering from SQ as well as stage ifi or IV lung cancer. Our data
suggest that distinct environmental factor(s) and/or genetic factor(s)
that induce specific short deletions in repeat sequences may be in
volved in lung tumorigenesis in Taiwan.

3 The abbreviations used are: SCLC, small cell lung cancer; SQ. squamous cell

carcinoma; AD, adenocarcinoma; AS, adenosquamous carcinoma; NSCLC, non-SCLC;
SSCP, single-strandconformationalpolymorphism;CYPJAJ, cytochrome P450 lAl;
GSTMJ, glutathione S-transferase Ml.
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Fig. 1. Figures for direct sequencing are shown in Figs. 2 and 3.
Mutations were identified in 11 of 60 (18%) tumor samples. These
data are shown in Table 1. The majority of mutations occurred in exon
7 (4 of 11, 36%) and exon 4 (3 of 11, 27%). Notably, deletion
mutations accounted for 7 of 11 mutations (64%), and nonsense
mutations accounted for 2 of 11 mutations (18%). A high frequency

(82%) of the mutations were nonmissense mutations. Analysis of the
frequency ofp53 deletion mutations and nonsense mutations found in
previously reported lung cancer studies in a publicly available data
base (24) indicated a frequency of 8.2 (44 of 538) and 6.5% (56 of
538) for deletions and nonsense mutations, respectively. Thus, the
frequency of p53 deletions found in the Taiwanese patients differs
significantly from those reported previously in the literature
(P < 0.001 using Fisher's exact probability test). In our study,
deletion mutations were identified as deletions of 1â€”12bp. All of the
deletions occurred at G:C bp or at bp surrounded by repetitive se

quences and/or short tandem-repeat sequences (Table 1). Two non
sense mutations occurred at codon 107 and codon 298, G:Câ€”Ã·C:Gand
G:Câ€”+T:Atransversion, respectively. Two missense mutations oc
curred at codons 249 and 276; both were G:Câ€”*T:Atransversion. All
of the mutations were repeated for sequencing analysis at least once
using independent PCR products, and corresponding normal lung
tissue was sequenced to exclude the presence of constitutional poly
morphisms and germ-line mutations.

Correlation of Mutations of the pS3 Gene with CliniCal Patho
logical Parameters of Lung Cancers. The frequencies of p53 gene

mutations in patients of different sexes, with different smoking habits,
with different histological types, and at different pathological stages
of lung cancer are shown in Table 2. Mutation of the p53 gene
occurred primarily in patients suffering from SQ types of lung cancer
(P < 0.05 using the x@test). In addition, p.53mutations were restricted
to patients suffering from stage III or IV lung cancers (P = 0.08 using
the x@test). All but one of the patients with p53 gene mutations were
male. However, there were no statistically significant differences in
p53 gene mutations with respect to patients' ages, sexes, or smoking
habits.

Expression of p53 Protein. Immunohistochemical analyses were
performed on patients exhibiting p53 mutations. These data are shown
in Table 1. Representative figures for immunohistochemical analyses
are shown in Fig. 4. All patients with non-in-frame deletion mutations
or nonsense mutations showed negative staining. This is consistent
with previous reports showing that frameshift or premature stop codon
mutations often resulted in lack of expression of p53 protein (19, 25).
Interestingly, tumors with l2-bp in-frame deletions at codons 251â€”
254 were positively stained (Fig. 4A). Two tumor specimens with
missense mutation at codons 249 or 276 stained positively during
immunohistochemical analysis, which is consistent with the notion
that missense mutations in the p.53 gene often result in production of
a p53 protein with increased stability (12, 26).

Fig. 1. Representative autoradiographs of PCR/
SSCP analyses of patients exhibiting mutations in
exons 5â€”8of the p53 tumor suppressor gene. Each
lane contains PCR products from different patients.
Patients exhibiting mutations are shown along with
patients having normal migration patterns. A, band
shift in Lane 2 is a 4-bp deletion ofexon 5 in patient
3. B, bandshift in Lane 2 is a 4-bp deletion of exon 6
in patient 4. C. bandshift in Lanes 2, 4, and 6 are
mutations of exon 7 in patients 7. 10, and 6, respec
tively. D, bandshift in Lane 2 is a mutation of exon 8
inpatient 11.
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MATERIALS AND METHODS

Samples and Preparation of DNA. Surgical specimens were obtained

from 60 patients with lung cancer. Fifty-nine patients had NSCLCs (24 SQs,
31 ADs, 3 ASs, and 1 large cell carcinoma), and 1 patient had SCLC. The
histologies of tumor types and stages were determined according to the WHO
classification method. Samples were immediately snap-frozen and subse

quently stored in liquid nitrogen. Genomic DNA was prepared using proteinase
K digestion and phenol-chloroformextractionfollowed by ethanolprecipita
tion. Eight samples were microdissected to recover tumor tissue only from up
to 5-@.&mserial sections comprisingformalin-fixed,paraffin-embeddedtumors
and normal lung. After dewaxing in xylene, genomic DNA was extracted
according to standard methods as described above.

Detection of Mutation: PCR/SSCP Analysis. PCR/SSCP was used to
detect the presence of mutations in the p53 tumor suppressor gene. Oligode
oxynucleotide primers and thermocycle PCR conditions designed to produce
DNA fragmentsof p53 gene exons 4â€”11were as indicatedin Ref. 22. PCR
products were subjected to electrophoresis at 30 W for 4â€”5h in a 6%
nondenaturing polyacrylamide gel with 5% glycerol and fan-cooled at room

temperature.
Mutation Spectrum Analysis: DNA Sequencing. Abnormal DNA frag

ments detected during PCRISSCP analysis were sequenced using the dideoxy
chain termination method with a-35S-labeled dATP, PCR-amplified primers,

and a sequenase II kit (United States Biochemical Corp.). In parallel with each
tumor sample, normal lung tissue was sequenced as a control to exclude the

presence of constitutional polymorphisms and of germ-line mutations. All of

the mutations were repeated for sequencing analysis at least once, using
independent PCR products to exclude the possibility of mutations generated
during PCR processing. In addition, to confirm the accuracy ofour PCRJSSCP
method, we directly sequenced all samples for exon 4 and exons 9â€”11as well
as 24 samples for exons 7 and 8.

Analysis ofpS3 Protein Overexpression: Immunohistochemistry Assay.
Paraffin blocks of tumors were cut into 5-gm slices and then processed using
standard deparaffinization and rehydration techniques. The monoclonal anti
body DO-7 (1:150; DAKO, Glostrup, Denmark), which recognizes an epitope
located between amino acids 21 and 25 of the human wild-type and mutant
type p53 proteins and is generally accepted as an efficient antibody for
immunostaining, was used as the primary antibody to detect p53 protein
expression.The primaryantibodywas detectedusing biotinylatedsecondary
antibody (DAKO LSAB Kit K675), used as recommended by the manufac
turer. p5.3immunostaining was scored as overexpression when at least 25% of
cells had stained nuclei. This high cutoff value was inferred from previous

comparison of a complete sequence analysis of the p53 gene and immunohis
tochemical staining in lung tumors (23). Using this cutoff, p53-positive im
munostaining could be considered as indicative of mutant p53.

Statistical Analysis. The Pearson x@test or Fisher's exact test was used to
compare the possibility of the p.53 gene mutations among cases and between
various histopathological types.

RESULTS

Distinct Mutation Spectrum of the p53 Tumor Suppressor
Gene. Sixty lung tumors were analyzed for DNA sequence mutations
in exons 4â€”11 of the p53 tumor suppressor gene using PCR/SSCP and
direct sequencing. Representative figures for PCR/SSCP are shown in
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Fig. 2. Autoradiographs of sequencing analyses of patients exhibiting deletion mutations of the p53 tumor suppressor gene. All sequences shown are of the sense strand. Some
patients also exhibited wild-type alleles, which are also shown in the figure. A.-G are from patients 1â€”7,respectively, and contain deletion mutations. Base(s) deleted are indicated by
0. The areas around deleted base(s) are also shown.

DISCUSSION

The most important finding from this study was the occurrence of
a novel mutation spectrum of the p53 tumor suppressor gene in SQ
lung cancer patients in Taiwan. Seven of 11 (64%) mutations detected
were lâ€”l2-bp deletions at G:C bp or at bp in the immediate vicinity
of repetitive sequences and/or tandem repeat sequences. In addition,
two patients (2 of 11, 18%) exhibited nonsense mutations (Table 1).
Such nonmissense mutations are rarely reported in the literature
(10â€”14,24). All patients exhibiting deletions or nonsense mutations
had SQ (Table 1). Nine of 3 1 SQ patients (29%) exhibited deletions
or nonsense mutations (Table 2), suggesting that deletions and non
sense mutations in the p53 gene are involved in the formation of SQ
in Taiwan. One female patient exhibiting deletion mutations of the
p53 gene also had SQ, and she was one of only two female SQ
patients in our sample collection. Studies done previously in other
countries showed that the predominant mutation in thep53 gene of SQ
lung cancer patients is G:Câ€”*T:A transversion (11, 14, 24). To our
knowledge, we are the first to report high frequencies of deletions and
nonsense mutations in the p.53 tumor suppressor genes of SQ lung
cancer patients. None of the patients exhibiting deletions or nonsense
mutations of the p.53 gene had AD (Table 1), suggesting that the
specific etiological factors that induce deletions/nonsense mutations
were not involved in the formation of AD. Our results agreed with
those of Takagi et al. (18), who found the most prevalent type of
mutation was single-base deletion within runs of identical bases, i.e.,
43% (3 of 7 mutations observed) in Chinese female lung cancer
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Fig. 3. Autoradiographs of sequencing analyses of patients exhibiting base substitu

tions of the p53 tumor suppressor gene. All sequences shown are of the sense strand. Some
patients also exhibited wild-type alleles, which are also shown in the figure. A and B are
from patients 8 and 9, respectively, and contain nonsense mutations. C and D are from
patients 10 and I 1, respectively, and contain missense mutations. Base changes are
indicated by arrows. The normal wild-type sequence and mutant sequence with encoded
amino acids are also shown.
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Table I Alterations of the p53 gene in lungcancer pa:ien:s and clinicopathologicalparametersPatient

no.Age (yr)SexSmoking habitTumorp53

gene mutationp53
protein

overexpressionTypeStageExonLocationTypes Surroundingsequencesâ€•164MYesSQ

Lila4Codon 88l-bp del CCA@ CCCâ€”'CCACCC CC
87 8889-272MYesSQ

lila4Codon 117l-bp del TCT j@J@ ACAâ€”sTCTGGA CA
116 117118â€”377MNoSQ

I5Codons 156 & 1574-bp del ACC@ @fJ@CGCâ€”sACCCCC GC
155 156 157158-469MYesSQ

lila6Codons 213 & 2144-bp del 1TI@@ @j]AGT-s1Tl@CTA OT
212 213 214215-537FNoSQ

I7Codons243â€”2468-bpdel @[@GGCGGC@ffQâ€”ATFG
243 244 245246â€”669MYesSQ

I7Codons 251â€”25412-bp del CCC@ CTC ACC@ ATCâ€”Ã˜CCCATC
250 251 252 253 254255+777MYesSQ

lila7Codon 261l-bp del TCC @[@Jgtcaâ€”.TCCA gtca
260 261

Exon 7 intron7â€”868MYesSQ
II4Codon 107G:Câ€”Ã¸C:G TAÃ§â€”sTAG

Tyrâ€”@Stop-963MYesSQ
lIla8Codon 298G:Câ€”Ã¸T:A GAGâ€”STAG

Gluâ€”sStop-1068MYesAD
lIla7Codon 249G:Câ€”@T:A AGG-AGT

Argâ€”@Ser+1
166MNoAS lIla8Codon 276G:Câ€”@T:A GCCâ€”Ã˜GAC

Alaâ€”@Asp+

Table 2 Relationships between p.53gene mutations and clinicopathologicalparametersin
60 lung cancer patientsNo.

(%) with p53 mutations
No. of

Clinical parameters patients n %Iâ€•No.ofpatients

60 Il18Age
range (mean + SD) 37â€”77(65 Â±8) 37â€”77(66 Â±11)0.910SexMale

48 10 210.340Female
12 18Smokers
43 8 190.934Nonsmokers
17 318Tumor

typesSQ
31 9 290.028cNon-SQ
29 27AD
241AS

31LCâ€•
10SCLC
10Tumor

stages1+11
36 4 110.081m+Iv
24 729a

@ results were analyzed by Pearson x@test, except that the age rangebetweenpatients
with and without p53 gene mutation was analyzed by a two-sample t test.

b@ large cellcarcinoma.C
This result was based on a test comparing the frequency of p53 mutationsbetweenSQ

patientsand all other non-SQ patients.

p53GENEMUTATIONIN LUNGCANCERPATIENTS

a Mutated bases(s) is (are) shown along with the surrounding sequences. Bases encoded by same amino acid are underlined. The deletion mutation base(s) shown in brackets of

deletion was (were) deleted, and the point mutation bases underlined were substituted.

patients in Hong Kong. Among the three deletion mutations they
found, two occurred in patients suffering from SQ, and one was from
a patient with AD. However, Takagi et a!. did not fmd such deletion
mutations in male lung cancer patients. They also did not observe
mutations longer than a deletion of 1 bp or any nonsense mutations.

We carefully examined all deletion mutations of the p53 gene to
reveal the possible mutagenesis models involved. All deletion muta
tions occurred at runs of G:C bp or at bp in the immediate vicinity of
monotonic runs of identical bases or at repeats of tandem sequences
(Table 1). For example, patients 2 and 7 had a deleted G:C bp within

a monotonic G:C bp. Deletions in patients 1 and 3 were surrounded by
runs oftwo to five G:C bp. The region deleted in patient 3, codons 156
and 157, is a G:C-rich sequence with multiple runs and direct repeats
and was the p13 gene region most frequently containing deletions or
insertions, as reported previously (27). Patient 5 had an 8-bp deletion
surrounded by two tandem repeats ofthe ATG sequence. Patient 6 had
a 12-bp deletion surrounded by three tandem repeats of the ATC

sequence (Table 1). These deletion mutations occurred more fre
quently in patients suffering from stage III or IV lung cancers (Tables
1 and 2), suggesting that these deletion mutations may be produced
during the progression of lung tumorigenesis resulting from endoge
nous mechanisms, such as DNA polymerase replication errors and/or
DNA mismatch repair deficiencies. Many previous observations of
deletion mutations in human diseases and in vitro systems have
suggested that deletion mutations may be generated by DNA
polymerase-induced errors during replication (28) and/or by deficient

mismatch repairs (29). Individuals who inherit abnormalities in mis
match repair genes, e.g., hMSH2 and hMLHJ, often manifest inser
tions and deletions in repetitive microsatellite sequences (30). In
NSCLCs, the data on microsatellite instability conflict with the fre
quency and pattern of microsatellite instability. For example, Takagi
et a!. (18) found an absence of microsatellite instability in Chinese
lung cancer patients in Hong Kong. Significantly different results
were reported, however, in another study of 38 NSCLC patients in
whom instabilities occurred at a much higher rate (34%) and affected
several microsatellite markers concurrently (3 1). One explanation
proposed for the different frequencies of microsatellite instability
reported in these studies was that microsatellite loci on various chro
mosomes may have differing frequencies of instability; hence, the loci
examined in the tumors differed in these studies. A second explana
tion is that there are geographical and/or ethnic factors that cause
discrepancies in various studies. To examine the possible involvement

of genetic instability of patients with deletions from the p53 gene, we
are currently investigating deletions from microsatellite sequences
and mutations of mismatch repair genes of lung cancer patients in
Taiwan.

It is also possible that high frequencies of deletions from the p53
gene in lung cancer patients from Taiwan reflect distinct environmen
tul mutagen(s) and/or endogenous damage(s) that induce deletions is
involved in lung tumorigenesis in Taiwan. However, mutations were
not correlated with the smoking habits of patients (Table 2), suggest
ing the possible involvement of a mutagenic factor(s) other than
cigarette smoking in lung tumorigenesis in Taiwan. There may be
unidentified mutagenic compound(s) in environmental pollutants

and/or Chinese foods. In addition, genetic polymorphisms of genes
involved in drug metabolism may determine individual susceptibility
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Fig. 4. Representative figures of immunohistochemical analysis of p53 protein using monoclonal antibody DO-7 in paraffin sections of lung tumor specimens. A, nuclear
immunoreactivity was found in more than 90% of cell nuclei and no positive stromal cells in patient 6 containing a 12-bp in-frame deletion. B, nuclear immunoreactivity was found
in 80% of cell nuclei and no positive stromal cells in patient 11 containing a G:â€”+T:A transversion. C, negative tumors from patient 8 containing a nonsense mutation. D, negative
tumors from patient 3 containing a 4-bp deletion. (X200 original magnification in A, B, and C; X 100 original magnification in D).
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to cancer. It has been reported that genetic variation of CYPJAJ and
GSTMJ has been shown to be involved in an increased risk of lung
cancer (32, 33). Therefore, we analyzed the genotypes of CYPJAJ and
GSTMJ genes in 59 lung cancer patients for which p53 DNA se
quence data were analyzed. We found no significant difference with
the respect to the genotype distribution of CYPJAJ and GSTMJ
between patients with and without p53 mutations.4 Other genetic
polymorphisms of genes involved in tumorigenesis, such as p53

codon 72 polymorphism, are currently under investigation.
The low frequency of p53 tumor suppressor gene mutations we

observed in lung cancer patients in Taiwan may be due in part to the
samples being collected mostly from patients in early disease stages

4 Y-C. wang, H-J. Wang, S-K. Chen, R-Y. Chang, C.-Y. Chen, and P. Lin. Lack of

association of CYPIAI and GSTMI polymorphisms with p53 gene mutations in lung
cancer, manuscript in preparation.

(Table 2), and p53 gene mutations occurred mosfly in patients suf
fering from late-stage disease, i.e., stage ifi or IV (Table 2). An
alternative explanation is the low sensitivity of our prescreening

method, PCR/SSCP. We considered this to be an unlikely explanation,
because the lengths of PCR fragments for our SSCP analysis were in
the range of 100â€”200bp and should have given highly accurate
results for mutation detection. The primers used in our PCRJSSCP
analyses have been used frequently, according to published reports.
Nevertheless, we examined the accuracy of our PCR/SSCP method by

direcfly sequencing all samples for exon 4 and exons 9â€”11 as well as
24 samples for exons 7 and 8. We found an absence of mutation when
PCR/SSCP was normal (data not shown). Furthermore, we performed
SSCP analysis on eight micrOdiSSeCtedspecimens, which were the only
tumor specimens showing a distribution of tumor cells less than 50% in
our sample collection. SSCP was analyzed on exons 4â€”8,the region
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frequently containingp53 mutations in our study. We found no mutations
in these micmthssected tumor specimens (data not shown). Notably, in
addition to the report by Takagi et aL (18), who found low mutation
frequencies (7 of 35, 20%) of the p53 gene in lung cancer patients in
Hong Kong, Lung et a!. (34) also found low mutation frequencies in
another paneloflung cancer patients in Hong Kong (8 ofSO, 16%). These
frequencies of p5.3 gene mutation are similar to those we observed.
Therefore, we think the low mutation frequency we observed reflects the
true prevalence of mutations in lung cancer patients in Taiwan.

In the present study, p5.3 mutations including non-in-frame dde
tions, splice mutations, and nonsense mutations were negative in
immunohistochemical staining (Table 1 and Fig. 4). These mutations
would result in no expression of p53 protein and/or synthesis of a
truncated protein lacking the p53 functional domains (19, 25). The
tumor containing an in-frame 12-bp deletion showed a positive im
munohistochemical staining, perhaps because of the presence of a
truncated p53 protein containing deletion of four amino acids or
overexpression of wild-type p53 protein. Interestingly, when we per
formed immunohistochemical studies on a total of 52 lung cancer
patients, 20 tumors (38.5%) showed p53 protein overexpression with
out p53 gene mutation. These results were similar to those of Lung et
aL (34), who found overexpression of p53 protein in 46% (23 of 50)
specimens, but low frequencies ofp53 gene mutations (8 of 50, 16%).
Environmental and/or genetic factor(s) may be involved in the lack of
correlation between p53 gene mutation and p53 protein overexpres

sion in Chinese lung cancer patients.5
We now consider p53 gene mutations to be involved in SQ and

late-stage lung tumorigenesis in Taiwan. In addition, distinct environ
mental factors and/or genetic factors inducing deletion mutations in
repetitive sequences may be involved in lung tumorigenesis in Tai
wan. Genetic factors such as deficient DNA repair or genomic insta
bility, which might induce deletion mutations of carcinogenesis
related genes, may play a role in lung tumorigenesis in Taiwan. The
environmental factor(s) that preferably induces deletion-type muta
tions may be present in air pollutants or in food-borne carcinogens
introduced during food processing and Chinese cooking. Other mu
tagenic factors suspected of inducing gene deletions, such as endog
enous oxidative damage, are also worth investigating.
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