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ABSTRACT 
To assess the multiple steps involved in carcinogenesis we evaluated p53 gene mutation fre

quencies, and loss ofheterozygosity (LOH) of chromosomes 3p, 9p and l 7p in hyperplasia, squa
mous metaplasia, dysplasia, squamous cell carcinoma in-situ and early squamous cell 
carcinoma of the bronchial epithelium, using immunohistochemical, polymerase chain reaction
single strand conformational polymorphism (PCR-SSCP) and microsatellite analysis. 
Overexpression of p53 oncoprotein was observed in 31 % of mild dysplasia, 50% of moderate and 
67% of severe dysplasia. Mutation of the p53 gene, however, was confirmed only in 2 severe dys
plasias. LOH of 3p, 9p and 17p were detected in 8% of mild and 6% of moderate dysplasias. 
Among other types of bronchial lesions, two columnar cell hyperplasias showed LOH of 3p and 
17p, respectively. These results suggest that LOH of 3p or 9p may be a rare but early event in 
the development of squamous cell carcinoma of the lung. In particular, deletion of 3p21.3 is a 
relatively common event in premalignancy. The results also suggest that p53 gene abnormali
ties occur during the following stage of carcinogenesis. 
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The histogenesis of central-type lung cancer, in 
particular squamous cell carcinoma, is not fully 
understood. However, it has been proposed that 
dysplasia of the bronchial epithelium (defined as 
atypical squamous cell proliferation in the 
bronchial epithelium) is a precancerous lesion, 
based on histological examination of non-cancer
ous bronchial epithelium in lung cancer patients, 
especially those in high risk groupss,9,21,23,2s,3sJ. In 
these patients, dysplasia was detected more fre
quently than in the controls. 

Recently, the concept of multistep carcinogene
sis has been confirmed in certain cancers, includ
ing those of the colon and liver. This involves the 
accumulation of changes in genes such as APC, K
ras and p53 at each step. However, knowledge 
regarding such changes in lung cancer is limited. 
So far, mutation of p53 and K-ras genes and dele
tion of the short arm at chromosome 3 (3p) have 
been identified in lung carcinoma11

,
22,31J. Loss of het

erozygosity (LOH) of 3p or 17p has also frequently 
been observed in all histological types of lung car
cinoma32'38J, and LOH of 9p has been noted in non
small cell lung cancer, in particular squamous cell 
carcinoma20'35J. However, precisely which of these 
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are essential genetic changes at the precancerous 
or early cancerous stages of squamous cell carcino
ma remains unclear10J. Thus, it is important to 
investe the genetic changes occurring in dysplasia 
and other hyperplastic lesions of the bronchial 
epithelium, and comparison with those evident in 
in-situ or early stage carcinoma. Recent progress 
in techniques such as microdissection from forma
lin-fixed, paraffin-embedded tissue and LOH 
analysis using polymerase chain reaction (PCR) 
methods have enabled the determination of genet
ic changes in small lesions that can only be identi
fied histologically. In the present study we 
examined mutation of the p53 gene by immunohis
tochemical, polymerase chain reaction-single 
strand conformational polymorphism (PCR-SSCP) 
and direct sequencing analyses, as well as LOH of 
3p, 9p and l 7p, in various types of bronchial 
lesions in order to ascertain the role of these 
genetic changes in the histogenesis of squamous 
cell carcinoma of the central bronchus. 

MATERIAL AND METHODS 
Tissue preparation 

Dysplastic lesions were obtained from surgically 
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resected lung tissue in 29 patients with lung can
cer. One of these patients had small cell carcinoma 
and the remaining 28 had squamous cell carcino
ma. Dysplasias and other lesions were detected by 
histological examination of serial sections cut at 
2-4 mm intervals from formalin-fixed, paraffin
embedded tissue (12 to 52 specimens for each 
case). 

Eleven 6µm-thick serial sections including the 
dysplasia and any other lesions were cut from 
each block and the last section was stained with 
hematoxylin and eosin to confirm the presence of 
lesions. None of the lesions contained carcinoma 
cells. The remaining sections were used for 
immunohistochemical examination. The lesions 
included 16 mild dysplasias, 12 moderate and 9 
severe dysplasias. Five squamous metaplasias, 6 
columnar cell hyperplasias, 4 squamous cell carci
nomas in-situ and 5 early stage squamous cell car
cinomas, which had no invasion over the bronchial 
cartilage, were also studied. A further 15 lesions of 
normal bronchial epithelium were examined as 
controls. The histological criteria used were those 
described by Auerbach1

,
2J and the World Health 

Organization (WHO): dysplasia was defined as 
squamous metaplasia associated with nuclear 
pleomorphism, an irregular nuclear arrangement 
and increased N/C (nucleus/cytoplasm) ratio. 
Dysplasia was divided into three categories: mild, 
moderate and severe. In mild dysplasia, dysplastic 
cell proliferation was limited to one-third of the 
epithelial layer. In moderate dysplasia, dysplastic 
cells occupied two-thirds of the epithelial layer. In 
severe dysplasia, dysplastic cells replaced the 

entire epithelial layer, but flattened squamous 
cells were noted in the superficial zone. Squamous 
cell carcinoma in-situ was defined as a lesion in 
which dysplastic cells replace the entire epithelial 
layer with a disordered cellular arrangement, but 
no invasive growth into the subepithelium. 

Immunohistochemistry 
Immunohistochemical staining for p53 protein 

was performed by the streptavidin-biotin complex 
(SAB, Nichirei, Japan) method. The antibody used 
was D0-7 (Novocastra Laboratory, England), a 
monoclonal antibody against both wild and 
mutant types of human p53 protein. Before stain
ing, microwave antigen retrieval was performed 
by microwaving the sections in 10 mM citrate 
buffer (pH6.0) for 15 min, using a 500 W 
microwave oven at full power. 

DNA Extraction 
The sections were deparaffinized in xylene, 

which was then removed using a graded alcohol 
series. After rehydration in sterile deionized 
water, the lesions were selectively dissected from 
unstained tissue sections using a stereoscopic 
microscope. The dissected tissues were placed in 
microfuge tubes, dried and incubated with 100µ1 
buffer containing 50 mM Tris (pH8.3), 1 mM 
EDTA, 0.5% Tween 20 and 800µg/ml proteinase 
K37

l overnight at 37°C. The proteinase was then 
inactivated at 95°C for 8 min. Insoluble material 
was pelleted by centifugation and DNA was puri
fied from aliquots of the supernatant by the usual 
method25J. 

Table 1. Dinucleotides Repeat Markers 

Marker Chromosome location Sequences of primers (5'-3') Annealing temperature (°C) 

D3S643 3p21.3 GACAGAACTGCCAAACCATCCCAC 55 TATGTGCTCCAGGCTGGGTAACAG 

D3S663 3p21.3 CCTGGCTCTGTGAGGGACA 60 CCTGCATGGGCTTGTCTAGTC 

D3S1007 3p21.3-22 GGAGGGTCACTTGAGTCTAGGAG 58 ATTTGCCACCATGCCTGGCTAG 

D3Sll10 3p25 TCGACATCAGAATGCCCTATAC 55 GGTGTCTGCCACTGTTCTGGG 

D3S1228 3pl4.l-14.3 TCCTTAACTCTTTCTCTGTGAGTTG 58 TCTAGGAAAGGGATTAGGAAGGA 

INFA 9p21 TGCGCGTTAAGTTAATTGGTT 55 CTAAGGTGGAAACCCCCACT 

D9S144 9ptel-22 GGATAAATACACTGGAAAAGAGAT 55 AAATATTATAGCAAGTTAATTACTGAA 

D9S171 9pcen-21 ACCCTAGCACTGATGGTATAGTCT 55 AGCTAAGTGAACCTCATCTCTGTCT 

TP53 17pl3 AGGGATACTATTCAGCCCGAGGTG 58 ACTGCCACTCCTTGCCCCATTC 
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Table 2. Overexpression of Oncoprotein and Mutation of p53 Gene, and Loss of heterozygosity of 3p, 9p and 17p in 
Various Bronchial Lesions 

Bronchial lesions No. of lesions with No. of lesions No. oflesions with LOH(%) 
No. of lesions positive p53 with mutation of 

overexpression ( % ) p53 gene(%) 3p 9p 17p 

Normal 15 0 ( O) 0 ( 0) 0 ( 0) 0 ( O) 0 ( O) 
Squamous metaplasia 5 0 ( O) 0 ( O) 0 ( 0) 0 ( O) 0 ( O) 
Columnar cell hyperplasia 6 1 (17) 0 ( O) 1 (17) 0 ( O) 1 (17) 
Dysplasia 

Mild 16 5 (31) 0 ( 0) 0 ( O) 1 ( 6) 0 ( O) 
Moderate 12 6 (50) 0 ( O) 1 ( 8) 0 ( O) 0 ( O) 
Severe 9 6 (67) 2 (22)* 1 (11) 1 (11) 2 (22) 

Squamous cell carcinoma in-situ 4 2 (50) 1 (25)2* 2 (50) 1 (25) 0 ( O) 
Early stage squamous cell carcinoma 5 3 (60) 1 (20)3* 1 (20) 1 (20) 1 (20) 

*case 4, exon 6/codon 196 (CGA-tCCA), case 14, exon 8/codon 268 (AAC-tAGC) 
2* case 6, exon 8/codon 270 (TTT-tTGT) 
3* case 17, exon 8/codon 298 (GAG-tGTG) 

Detection of p53 mutation and sequencing 
PCR-SSCP analysis was performed to detect p53 

mutations in the region between exon 5 and 8. The 
oligonucleotide primers and PCR conditions used 
to amplify genomic DNAs were identical to those 
previously described14

l. A 98µ1 aliquot of stop solu
tion was added to 2µ1 of PCR product, the mixture 
was denatured heatedly, and the product were 
separated by electrophoresis through a 6% poly
acrylamide gel with Tris-borate-EDTA buffer. 
Exon 5, 7 and 8 were electrophoresed at room tem
perature, and exon 6 was electrophoresis in a cold 
room (4°C) with a cooling fan. The gel was dried 
and exposed to X-ray film with an intensifying 
screen at room temperature. Any genomic DNA in 
dysplasias that showed an altered mobility shift in 
this PCR-SSCP analysis was reamplified in a sep
arate PCR and subjected to direct sequencing with 
a cloning step, using a slight modification of a 
standard protocol as previously described 14

,
30

l. 

Sequences were also obtained using a Sequenase 
PCR product sequencing kit (United States 
Biochemicals, USA). 

PCR Amplification and Analysis on LOH 
Using Microsatellite Maker 

The primers used in this study are shown in 
Table 1, and was identical to that used in previous 
studies4

,i7,is). PCR was performed in 10µ1 reaction 
volumes, containing 5 pmol of each primer, stan
dard PCR buffer (50 mM KCl, 10 mM Tris-HCl pH 
8.8, 1.5 mM MgCh), 200µM of each of dATP, 
dGTP, dTTP and dCTP, 0.5µCi [a-32P] dCTP, lµl 
of DNA solution and 0.2 units Taq DNA poly
merase. The reaction mixtures were heated to 
94°C for 5 min, then subjected to 40 PCR cycles 
comprising denaturation for 1 min at 94°C, primer 
annealing for 2 min at the appropriate annealing 
temperature (55-60°C), strand elongation for 1.5 
min at 72°C and final elongation for 10 min at 
72°C. After PCR amplification, 2µ1 of the reaction 

mixture was denatured with 95% formamide and 
electrophoresed through 7M urea 6% polyacry
lamide gels for 1-1.5 hour at 60 W, followed by 
autoradiography. A negative control was incorpo
rated into each PCR run. Abnormal samples were 
repeatedly examined by independent PCRs and 
separate gel loading in order to ensure repro
ducibility. 

Determination of allelic loss 
Normal DNA samples polymorphic at a given 

locus were considered informative. The signal 
intensity of these fragments was determined by 
visual examination and/or densitometry. LOH was 
considered to have occurred when one of the two 
alleles showed less than 50% of the intensity 
shown by the corresponding normal tissue DNA. 

RESULTS 
Immunohistochemistry of p53 protein 

Lesions were considered positive for p53 when 
more than 10% of cells were positive for D0-7 
antibody. The proportion of positive lesions was 
31% in mild, 50% in moderate and 67% in severe 
dysplasia (Table 2). In mild dysplasia, the positive 
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Fig. 1. DNA sequence analysis of p53 gene, exon 8 in 
severe dysplasia (case 14). 
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Case 1 N T D 

(a) D9S144 

Case 5 N T CH 

(c) D3S643 

cells were noted mainly in the basal and 
suprabasal zones, while positive cells were noted 
throughout the entire epithelial layer in moderate 
and severe dysplasia. Interestingly, one columnar 
cell hyperplasia adjacent to a severe dysplasia was 
also positive. 

Mutation of the p53 gene 
The results of the PCR-SSCP analysis are 

shown in Table 2. Sequencing analysis showed the 
following missense mutations in 2 dysplasias: 
codon 196, CGA-7CCA (Arg-7Pro), in case 4 and 

Case 5 NT D CH 

(b) TP53 

Fig. 2. Representative microsatellite analysis of 
bronchial lesion; Left, histological view (H&E), Right, 
result of LOH, respectively, (a) mild dysplasia shows 
LOH of 9p (D9S144), (b) severe dysplasia shows LOH 
of l 7p (TP53 locus), (c) columnar cell hyperplasia 
shows LOH of 3p (D3S643) (original magnification 
(a), (c) xl32 (b) x200). 

codon 268, AAC-7AGC (Asn-7Ser), in case 14 (Fig. 
1). Strong overexpression of p53 protein was 
detected in these two lesions. No mutation was 
detected in the mild or moderate dysplasias. 
Among 4 squamous cell carcinomas in-situ, a 
mutation in codon 270 of the p53 gene without p53 
protein overexpression, TTT-7TGT (Phe-7Cys), 
was found in case 6. Among the 5 patients with 
early stage carcinoma, a missense mutation in 
codon 298, GAG-7GTG (Gul-7Val) was detected in 
one with p53 protein overexpression. 

Table 3. Loss of Heterozygosity and p53 Gene Mutation in Bronchial Lesions 

Microsatellite markers p53 mutation 

Bronchial 
3p 9p 17p __ p53over- Exon/ Base/ 

Case lesions D3S643 D3S663 D3S1007 D3Sl100 D3S1228 INFA D9S144 D9S171 TP53 expression codon amino acid change 

Dys, mild he he he NI NI he LOH NI he + 
Dys, moderate LOH he he NI NI he he NI he + 

2 CIS he LOH LOH he he NI he LOH NI 
4 Dys, severe he he he he he he he he he + exon 6/196 CGA-1CCA/Arg-1Pro 

Dys, severe LOH LOH NI he he LOH he he LOH + 
CH LOH he NI he he he he he he 
CH he he NI he he he he he LOH + 

6 CIS he he LOH NI NI he NI NI he exon 8/270 TTT-1TGT/Phe-1Cys 
7 sec, early he NI he he NI LOH he he he 
14 Dys, severe NI NI he NI he NI NI NI LOH + exon 8/268 AAC-1AGC/Asn-1Ser 
17 sec, early he he he he he NI NI he LOH + exon 8/298 GAG-1GTG/Glu-1Val 
22 sec, early NI NI LOH he he ho he he NI 

LOH: loss of heterozygosity he: heterozygous NI: not informative (homozygous) Dys: dysplasia 
CH: columnar cell hyperplasia CIS: squamous cell carcinoma in-situ SCC: squamous cell carcinoma 
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Analysis on LOH 
The results of the LOH analysis are shown in 

Table 2. LOH of 3p was noted in one moderate and 
one severe dysplasia, while LOH of 9p was 
observed in one mild (Fig. 2a) and one severe dys
plasia. LOH of 17p was found in two severe dys
plasias (Fig. 2b). Dysplasias were observed in 
cases 1 and 5, both of which had multiple dysplas
tic and hyperplastic lesions. Case 17 had multiple 
squamous cell carcinomas without dysplasia, and 
showed LOH of l 7p and p53 gene point mutation 
without deletion of 3p. All of the dysplastic lesions 
with LOH of 17p showed overexpression of p53 
protein. The proportion of lesions displaying LOH 
tended to increase with the degree of dysplasia. 
Among other types of lesions, two columnar cell 
hyperplasias showed LOH of 3p and 17p (Fig. 2c). 
None of the squamous meta plastic lesions showed 
LOH. In squamous cell carcinoma in-situ, one 
showed LOH of 3p and 9p, and one showed LOH of 
3p. Of three early stage squamous cell carcinomas, 
one showed LOH of 3p, one of 9p and one of l 7p, 
and one showed p53 point mutation with deletion 
of the p53 gene. Table 3 summarizes the lesions 
with LOH and mutation. 

DISCUSSION 
Several studies have immunohistochemically 

analyzed p53 protein in bronchial lesions. Bennett 
et al showed that p53 protein accumulated infre
quently in normal or metaplastic mucosa, while 
dysplasias showed an increasing tendency to accu
mulate p53 protein as they became more severe. 
In that study, accumulation of p53 protein was 
observed in 29.5% of mild dysplasias, -26.9% of 
moderate and 59.7% of severe dysplasias and in 
79.5% of invasive carcinoma3

J. Another study 
demonstrated the presence of p53 protein in 14% 
of mild, 25% of moderate and 59% of severe dys
plasias34J. Direct sequence analysis of p53 and 
examination of LOH of l 7p had also confirmed p53 
inactivation in many neoplasms12J. Further molec
ular analyses in preinvasive lesions have suggest
ed that both deletion of 17p and p53 mutations 
might take place during the early stages of car
cinogenesis in the lung27·28l. 

Mutations are scattered throughout the p53 cod
ing region, and although no particular hotspot has 
been identified, 70% mutations are found in exons 
5-8 in lung cancer31l. In the previous study30l, our 
SSCP analysis revealed that 95% of p53 mutaions 
occured in exons 5-8. In the present study, 
immunohistochemical staining of p53 protein 
increased with the degree of dysplasia, in agree
ment with previous reports, although p53 muta
tions were not detected by SSCP. We detected p53 
mutations in dysplasias using microdissected for
malin-fixed, paraffin-embedded tissue obtained 
from serial bronchial sections. Almost all the dys
plastic lesions examined in the previous studies 

were obtained from frozen surgical sections or 
from biopsy specimens taken from tissue adjacent 
to the tumor27·28

l. The present study also revealed 
the presence of p53 mutations in two severe dys
plasias. One of these also showed LOH of l 7p, and 
both strongly overexpressed p53 protein. These 
results indicated that p53 abnormalities in severe 
dysplasia are similar to those arising in squamous 
cell carcinoma in-situ or early stage squamous cell 
carcinoma. Using a plaque assay technique, 
Chung et al demonstrated that adjacent, physical
ly distinct bronchial abnormalities are clonally 
related. The same p53 mutation detected in a 
tumor was present in a small proportion of cells in 
an adjacent squamous metaplasia6

l. 

Only a few studies have analyzed genetic 
changes in 3p, 9p and 17p in bronchial lesions. 
Sunderesan et al analyzed genetic changes using 
PCR-RFLP in dysplastic lesions adjacent to inva
sive carcinoma. They demonstrated LOH of 3p in 3 
of 6 dysplastic lesions using the markers D3S2 
(3p21-cent) and D3F15S2 (3p21-tel) and LOH of 
l 7p in 1 of 6 others using an RFLP marker for the 
AccII site29J. Chung et al performed a detailed 
investigation of the genetic changes of preinvasive 
lesions adjacent to invasive squamous cell carcino
ma. They showed that allelic loss of chromosome 
3p occurred prior to LOH of the p53 gene and that 
deletions of chromosome 3p progressed sequential
ly13J_ These investigations revealed important 
knowledge of the genetic changes bearing on the 
progression of squamous cell carcinoma. In anoth
er study, LOH of 3p was detected in 76% ofhyper
plasias, 86% of dysplasias and in 100% of 
noninvasive carcinomas15J. Identical specific alleles 
were also lost in 78% of preneoplastic lesions and 
in the corresponding carcinomas. LOH of 9p was 
also detected in 38% of hyperplasias, 80% of dys
plasias and in 100% of CIS; these changes 
occurred during the earliest stage of carcinogene
sis in the lung20

J. In their studies, analysis of 
genetic changes in cases that contained multiple 
preneoplastic lesions showed the higher frequen
cies of LOH of 3p, 9p and l 7p, while a study of 
Sato et al revealed that frequencies of LOH were 
81 %, 55% and 88% in squamous cell carcinoma of 
lung, respectively26J. 

In the present study, the frequencies of LOH of 
3p and 9p were lower than those in the previous 
reports. Two reasons may account for this. Firstly, 
in some previous reports, precancerous lesions 
such as dysplasia (related to squamous cell carci
noma) and atypical adenomatous hyperplasia 
(related to adenocarcinoma) were evaluated with
out distinguishing the characteristics of each of 
the genetic changes. Secondly, in our study, dys
plasias separate from the tumor were identified 
using a bronchial step-cut method and among the 
29 cases that contained multiple dysplastic lesions 
were mixed cases containing sporadic dysplasia. 
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Unlike previous studies, we did not analyze pri
mary cases as those which multiple dysplastic 
lesions. LOH of 3p and the p53 gene were detected 
25% and 50% respectively in severe dysplasia. 
These frequencies in multiple dysplastic lesions 
are similar to those obtained in previous studies, 
and were higher than when cases of multiple dys
plastic lesions were included with the other cases. 

In the present study, LOH of 3p in dysplasias, 
including squamous cell carcinomas in-situ and 
early stage squamous cell carcinomas, was con
fined to 3p21.3, which is identical to the results of 
Chung et al5l. 3p21.3 has previously been identi
fied as one of the regions which may contain a 
tumor-suppressor gene for renal cell carcinoma, 
ovarian cancer and lung cancer7

'
11

'
19

). Thus, in the 
progression of carcinogenesis, deletion of 3p21.3 
may be of special significance in tumor progres
sion from bronchial pre-invasive lesions to squa
mous cell carcinoma. The difference between the 
lesions with and without allelic loss of 3p correlat
ed with whether the lesion is reversible to normal 
bronchial epithelium. We found that the 3p locus 
was deleted in more mildly dysplastic lesions adj a
cent to invasive lesions, suggesting that lesions 
with allelic loss of 3p proceed to more malignant 
potential lesions, to squamous cell carcinoma, and 
that morphologically mild dysplastic lesions with 
LOH of 3p finally progress to invasive tumors. In 
our study, mild and moderate dysplasia showed 
LOH of 9p and 3p, respectively, in cases that con
tained multiple dysplastic lesions. The identical 
frequency of 3p and 9p losses in dysplastic sam
ples indicates that these two alterations are early 
events in bronchial carcinogenesis, particularly, in 
cases that contained multiple preneoplastic 
lesions. These results suggest that LOH of 3p 
occurs earlier in carcinogenesis than LOH of 17p 
or p53 gene mutation. 

In addition to dysplasia, we also studied the 
genetic changes in hyperplastic and metaplastic 
lesions, such as columnar cell hyperplasia and 
basal cell. Interestingly, two columnar cell hyper
plasias showed LOH of 3p and l 7p. Thiberville L. 
et al observed LOH of 5q21 in reactive columnar 
cell hyperplasia/metaplasia in addition to genetic 
abnormalities of 3p or 9p33

). We observed allelic 
loss of 3p in basal cell hyperplasia in the other 
part of the present study. Further studies of 
columnar cell hyperplasia are therefore required 
to determine whether it is also a precancerous 
lesion of the bronchus. In addition, evaluation is 
necessary, in hyperplastic lesions, of how the 
degree of abnormality of 3p and the p53 gene pro
gresses to malignant lesions. 

Recently, two closely related members of the 
cyclin-dependent kinase inhibitor family, named 
pl61

NK
4fMTS1/CDKN2 and p15INK4BfMTS2, were iso

lated from the chromosomal region 9p21. Also, the 
p16 gene was reported to be a good candidate for a 

tumor suppressor gene involved in the oncogenesis 
of familial and sporadic melanomas16

). A high fre
quency of homozygous deletion of the p16 gene has 
also been reported in various cultured tumor cell 
lines24

). Washimi et al showed that p16 and/or pl5 
alterations occurred in 6 of 20 (30%) non-small cell 
lung cancer cell lines compared with 0 of 20 (0%) 
small cell lung cancer cell lines35

). Our results also 
show that alteration of chromosome 9p occurs in 
squamous cell carcinoma in-situ, early stage squa
mous cell carcinoma and severe dysplasia. The 
mild dysplasia in case 1 was shown to LOH of 
chromosomal region 9p21. Thus, our observation 
supports the hypothesis that LOH of 9p is also an 
early genetic change in the development of squa
mous cell carcinoma. 

Based on the above considerations, p.53 muta
tion and LOH of l 7p are believed to have equal 
significance in the histogenesis of the early stage 
of squamous cell carcinoma. Although we exam
ined the regions between exon 5 and 8 of the p53 
gene, it is possible that other exons also contain 
mutations. LOH of one allele without mutation in 
the other allele has been observed in small-sized 
small cell carcinoma. The present study suggests 
that loss of only one allele without p53 gene muta
tion in its counterpart carries the potential for 
tumorigenesis. 

In conclusion, we have described a number of 
genetic abnormalities in bronchial lesions, includ
ing various degrees of dysplasia and columnar cell 
hyperplasia, that may possess the biological poten
tial to progress to cancerous lesions. However, the 
sequence of occurrence of genetic abnormalities 
remains unclear and future research will focus on 
this area. 
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