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Frequent Expression of p53 Protein without Mutation in the 

Atypical Epithelium of Human Bronchus 

Kentaro Wakamatsu, Yoichi Nakanishi, Koichi Takayama, Hiroyuki Miyazaki, 
Kenshi Hayashi, and Nobuyuki Hara 

Research Institute for Diseases of the Chest: and Division of Genome Analy"i�. ln�titute or Genetic Information, 

Faculty or Medicine, Kyushu University. Fukuoka. Japan 

We investigated the correlation between p53 protein levels and mututions in the p53 gene or atypical bron

chial epithelium (ABE). Protein levels were analy;.ed by immunohistochemistry, whereas mutation� were 

assessed by polymerase chain reaction-single-strand conformational polymorphism (PCR-SSCP) and di

rect sequencing. A total of 78 formalin-Cixed, paraflin-embedded bronchial biopsy specimens that had 

been diagnosed to be ABE were retrieved from the archives and examined. p53 protein was expressed in 

44 of the 78 (569'c) specimens overall. However, when pathologically classified. 38o/r or hyperplasias. SW/r 

or metaplasias, and 739'r of dysplasias were positive. indicating that an increased frequency or p53 expre�

sion correlateu with the severity of ABE (P = 0.042). Among th 44 specimens that expresseu p53 pro

tein, 40 (91 %) did not reveal mutations by PCR-SSCP. In the four specimens with abnormal PCR-SSCP 

bands, p53 gene mutation was identified by direct sequencing and revealed the same point mutation at 

codon 248 (CGG-to-CTG transversion) or exon 7 in all four specimens. These four specimens were dys

plasias derived from patients with lung cancer. p53 protein expression in ABE was a��ociatcd with the 

wild-type gene in most cases; therefore, wild-type p53 protein expressed in ABE might have a protective 

function from lung carcinogenesis, and mutation or p53 gene may be a late event in the sequential steps ol· 

lung carcinogenesis. Wakamatsu, K., Y. Nakanishi, K. Takayama, H. Miyazaki, K. Hayashi, and N. 

Hara. 1999. Frequent expression of p53 protein without mutation in the atypical epithelium of hu

man bronchus. Am. J. Respir. Cell Mol. Bioi. 21:209-215. 

Human carcinomas of the lung arc thought to develop 
from a series of consecutive independent molecular events. 
These involve activation of oncogenes such as K-ra ·• myc, 
or her2/neu. or loss of rece sive oncogenes such as p53 and 
probably one or more tumor ·uppressor genes on chromo
some 3p (I). The most commonly id ntified genetic change 
in human cancers is mutation or the p53 gene, located at 
band 13 on the short arm of chromosome 17 (2). This gene 
i a tumor-suppressor gene and encodes a 53-kD nuclear 
phosphoprotein capable of binding to 0 A and acting as 
a transcriptional factor (3, 4). The wild-type p53 protein 
inhibits cell proliferation, and loss of this activity is impor
tant in neopla tic transl'ormation (3 ). The inactivation of 
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tumor-suppressor genes is thought to be important in the 
development of many humlln malignancies (5, n). Inactiva
tion of these genes, through deletion or mutation, presum
ably allows a cell to escape normal growth controls. 

Recent studies have elucidated a moucl of colorectal 
tumorigenesis in which the steps required for the develop
ment of cancer often involve the mutational activation of 
an oncogene coupled with the loss of several genes that 
normally suppress tumorigenesis (7). The sequence of mor
phologic change is consistent with a multi ·tagc model of 
carcinogenesis. and it is thought that the genetic changes 
found in advanced lung cancers also occur in a stepwise 
fashion accompanied by morphologic changec (�-11). ln 
studies of human atypical bronchial epithelium (/\BE) ad
jacent to lung carcinoma in resection specimens, concomi
tant mutations in p53 and other genetic abnormalities have 

been noted in areas of AB � (12, 13). However, sample 
numbers in these reports have been small, and no associa
tion� between immunohistochemical l'indings and p53 mu
tations have been reported in ABE found in benign dis
eases or in tissues separated rrom the lung carcinomas. 

In this stuuy we have investigated the correlation be
tween p53 protein expression and gene mutations in ABE 
biop. y .-pecimcns derived rrom patients with or without 
lung cancer. using immunohistochemic()l detection and poly-
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rm;ra..,e chain reaction-singk-strand conformational poly
morphism (PCR-SSCP) followed by direct sequencing. 

Materials and Methods 
Materials 

Seventy-eight rormalin-fixed. parallin-embcdded, bron
chial hiop..,y specimens !"rom 54 patients treated at the Na
tional Omuta I Iospital, Fukuoka. Japan. between 19K4 
and l l)l)) were studied (Table I). There were 35 p8Lients 
with lung cancer and 19 patients with nonmalignant dis
e(tses. including seven pCllients with pneumonia. !"our with 
chronic hronchiti-.. four with interstitial pneumonia. three 
with pulmonary tuberculosis. and one with bronchial 
asthma. AB was graded independently by two patholo
gists <ts hyperplasia. metaplasia. or dysplasia as described 
by Mackay and coll·aQue<; ( 14). Brierly, each premalignant 
lesion was diagnosed as follows. In hyperplasia, the deep
e�t �tratum of the epithelium becomes several layers thick: 
an occasional slightly enlarged polyhedral or oval cell with 
sli!!.ht irregularity or the nuclear membrane and a recog
ni;Hhk nucleolus, but with little change in the nuclear 
chrorn<tlin. is noted (Figure I. lcfi f){flle/). In metaplasia. 
the columnar cells arc converted into a strcl!ified squa
mous type of epithelium: the epithelium is not ciliated. nu-
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clei are central and round to oval. and the chromatin has a 
ground-glass appearance (Figure I. ce111er panel). In dys
plasia. the epithelium i. thickened: nuclei with increases in 
the nuclear/cytoplasmic ratio and some loss of polarity can 
be seen (Figure 1, right panel). As ·hown in Table 2, there 
were 26 specimens with hyperplasia. 26 with metaplasia. 
and 26 with dysplasia. 

J mmunohistochemistry 

The method of Shin and associates was used for immuno
staining to enhance immunoreactivity in formC�Iin-fixcd 
TBB samples (I 5). Tissue sections of 4-p.m thickness were 
cut, placed on slides. and dried overnight at 600C. The 
specimens were then dcparaffinizcd in xylene and dehy
drated in ethanol series. Subsequently. the slides were au
toclavcd for 20 min at 1200C to increase the reactivity of 
the p53 protein with the antibody. After cooling. nonspe
cific binding or the primary antibody was blocked by I 0% 
rabbit serum placed on th !ides for 20 min. The avidin
biotin complex method was used for immunostaining. The 
primary anti-p53 monoclonal antibody was DO- l (Ab-6� 
Oncogene ciencc, Uniondale, NY). which recognizes 
both wild-type and mutant forms or p53. The slides were 
incubated overnight at 4°C with DO-l at a dilution of 
I :200 (0.5 1-Lg/ml). followed by secondary biotinylatecl anti
mou c immunoglobulin G ( ichirci. Tokyo. Japan) and 
peroxidase-conjugated avidin ( ichirci). Careful rinses 
were clone with several changes of pho phate-bu!Tcred sa
line (PBS) between all stages of the procedure. The anti
gen-antibody complex was visualized using a 0.05% solu
tion of diaminobcnzidinc tctrahydrochloride in PBS for 
5 min. Subsequently, the slides were dehydrated and cleared 
in xylene. 

Immunoreactivity in the epithelia wa, evaluated by 
three pathologi. ts. The number of pSJ-immunoreactivc 
nuclei was counted and expressed as a percentage of all 
nuclei of the entire ABE. Tissue that expressed p53 im
munoreactivity in the nuclei of more than 90% of AB 
cells were considered to be 2+: tho c with 10 to 90% rcac-
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rigurc I. It&t.: -,wining in atypical hrunchial epithelium from a transbronchial biopsy specimen. In hyperplasia. the Licepest stratum of 
the epithelium h�.:come" se\ eral la� ers thick. An o casional slightly enlargeu pol:- hcdral or ()\'al cell with slight irregularit� of the nuclear 
m�.:mhrane and a recognitablc nucleolus. but '' ith little change in the nuclear chrommin. is noted (le.fi panel). In metaplasia. the colum
nar celb arc con,ertcu into a stratified squamous type of epithelium. The cpith�o:lium is not ciliated. nuclei are central and rouncJ to ovaL 
and the chromatin has a ground-glass appe;m�nce (cenll'r flllllel). In dysplasia. the epithelium is thickened .. uclei \\ith increase in the 
nuclear/cytopla�mic ratin and some llN• of polarit) can b�.: ��.:�.:n (rigiH punel). Original magnification�: !eli. 170: ce111er. X�20: right, 

X200. 
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tivity were 1 +:those with S to 10% rc<1Ctivity were +:and 
tho. e with !"ewer than 5% positive cells were considered 

Microdissection of Materials and DNA Extraction 

We used a modi!"ication or a previously described precise 
microdissection technique ( I  h) to collect atypic<II epithe
lial cells under direct microscopic observation !"rom hema
toxylin and eosin (H&E)-staincd sections. Microdissec
tion was performed with an inverted microscope using a 
microcapillary tube that was pulled to a fine tip by a mi
cropipette puller and with a joystick-operated hydraulic 
microm8nipulator. The dissected cells were allowed to ad
here to the microcapillary tip and collected in 0.5-ml mi
crocentrifuge tube .... The materiab !"rom approximately 
100 cells were digested in 5 1-1! of buller consisting or 20 
mM Tris (pH g_o). I mM ethylencdiaminetetraacetic acid 
(EDT A). 0.5% Tween 20, and 200 1-Lg/ml proteinase K !"or 
48 h at 37°C. and then incubated for 15 min at tJ5°C to inac
tivate the proteinase K. A total of I I-Ll or the digested sam
ple extract was used for each PCR. 

PCR-SSCP Analysis 

Screening of DNA �amples by SSCP to detect point muta
tions in the p53 gene was performed as we have described 
previously ( 17). with slight modifications. 

The nucleotide sequences of the primers were as fol
lows: cxon 5: 5'-CTCTTCCTGCAGTACTCCCCTGC-3' 
( ense). and 5'-GCCCCAGCTGCTCACCATCGCTA-3' 
(antisense): exon 6: 5' -GA GCTCTT AGGTCTGGCCC
CTC-3' (sense). and 5'-GGCCACTGAC/\/\ CACCCT
TAACC-3'(antisense): exon 7: 5' -GTGTTGTCTCCTAGG
TTGGCTCTG-3' (sense). and 5'-CAAGTGGCTCCTG/\C
CTGGAGTC-3' (antisense): and exon K: S'-/\CCTG/\TI!
CCTTACTGCCTCTGGC-3' (sense). and S '-GTCCTG
CTTGCTTACCTCGCTT AGT-l'(antisense). 

For each sample. the four primer pairs described above 
were used in individual PCRs to amplify p53-coding se
quences in extract from ABE as template�. PCR wa� per
formed in a thermal cycler. The PCR mixture (5 I-Ll) con
tained extract (I I-Ll). 125 1-Lm of each deoxynuclcotide 
triphosphate. primers (1 1-Lm). 2.5 mM MgCI2• 50 mM KCI. 
I 0 1-Lm Tris-HCI. 0.25 U of Taq polymerase (Perkin-Elmer. 

orwalk. CT). and 0.5 1-LCi of [cx--'�P]deoxycytidine triphos
phate (Amcrsham International. Little Chalfont. UK). !\ 
total of 35 cycles were performed, each cycle consisting of 
30 s at 94°C. 2 min at 6SOC. and 2 min at 72°C. The PCR 
products were diluted in 50 I-Ll of formamidc-dye solution 
(95% formamide. 20 mM EDTA. 0.05% bromophenol blue. 

and 0.0.5°n x� lcne c� anol) and denatured at go"C for 5 min. 
and then I I-Ll or each product \\as applied to .5°o polyacryl
amide gel \\ith S"o glycerul. Electrophoresis \\ctS performed 
<ll 40 \V for 2 h at 25 C. ·1 he gel \\as dried on filter paper 
an I exposed to <111 X-ra) film for 12 h. 

To Cl)l1firm the <lCCLtr<1C) uf the results. another set of 
primer pairs. described later (I K). \\as used in indi ' idual 
PC'Rs to amplify p53-codinf.l. sequences in ABE extracts. 
All prnccdures for PCR-SSCP ''ere identical to those de
scribed previously ( 17). 

Nucleotide �equences for thi� sccund set of primer pair� 
were: exon 5: 5' -CIC AGTi\CTCCCCTC1CCCTC!\!\C!\!\-J' 
(sense). nnd 5'-TCAC C TCCiCI' TCTG CiC/\CiCCIC-3' 
(antisense): exon 6: 5'-T TTAGCiTCTC1C!CCCCTC'CT
C CIC-3' (scn�c), <tnd .5'-CAGACCTCACCiCGUCT
CAT -3' (antisense): exun 7: 5'-Cl'CC'I ACIGTI'CJCJCTC
TCJ ACTCIT/\C J' (sense). nnd 5' TGCICTCCT , 1\CC
TGCiACITCTTCC/\-J '(anti�cn�e): and exon K: 5'-ACT
GGT ATCTACTGGCIACGCi-J ' (sense). and .5'-TT ,_ 

CTTACCI'C'CiCI"I'ACiTGCTCCC-3' (anti�ense). 

Dir ct Sequencing 

Mutant rragmcnts were excised from the polyacrylnmide 
gels. and the 0,cl slices were immersed in 20 I-Ll of r 1�0 and 
heated to K0° for 5 min. Arter brid centrifugation. I I-Ll of 
the supernatant was subjected to PCR reampli!"ication ror 
25 cycles. I3dorc scquencing. the amplified PCR product� 
were purified by Microcon 100 <llld a portion w�ts sub
jected to electrophoresis on a 2 <Y., agarose gel to con firm 
the size or the PCR product. Sequencing was clone hy the 
/\mpliCyclc system (Perkin-Elmer). with the '-tlllle prim
ers as used in the first PCR. Electrophoresis was per
formed on a h0/(, polyacrylamide gel containing 7 M urea. 

Statistical Analysis 

The ... ignificance of associations was determined hy a x2 
test. Values of/'...__ ().05 were considered significant. 

Result 
uclcar staining of cells with an anti-p53 antibody wa.., 

assessed hy immunohistochemical analysis. as shown in 
Figure 2. Although we have classil"ied the degree of immu
nostaining according to the percentage of p53-irnmunopo
sitive cells as described in M,\ 11 l{t,\1 s AND Ml·IIIOI)S. all 
the ABE specimens th<tt were considered to be positive 
exprcs�ed pS3 protein in more than 90% of atypical cells. 
and negative �amples expressed p53 in fewer than I% of 
cclb. By these classirications. 4-l of the 78 ABE cascs were 
positive for pS3 protein, representing 3K'Ji, of hypcrplasias. 
SWYo of mctaplasi<ts. and 7J<-x, or dysplasias (Figure 3). In 
contrast. expression of p53 was not seen in normal bron
chial epithelium. The association between p53 expression 
and the ABE grade was -;tatistically significant ( P = 
0.0416). There was no significant relationship between p53 
expression and the patients' backgrounds. including clini
cal diagnosis. sex. age. or smoking status (Table 3). 

To assess the possibility that the p53 gene was mutated 
in ABE. a microdissection technique was used to extract 
DNA from 44 lesions that showed p53 immunoreactivity. 
A total or 50 to 500 cells '"as rnicrodissected from each area. 
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Fig11re 2. I I&L -.taining (upper 

{Jrtncl) and immunostaining (/mver 

[Wile/) of bronchial epithelium with 

dysplasia. Original magnification: 

X250. 

and at least )()cells were used for each PCR. As described 
pre\'iously. more than <)()(}{, of the cells microdisscctccl 
were positively stained for p5J. 

We screened for the presence of mutations in exons 5, 
6. 7, and � in the microdissected materials. because more 
than �O'Yo of p53 gene mutations occur in these exons ( 19, 
20). A single specific amplification product was detected in 
all cases, including that all microdissected materials pro
vided suitable template D A for usc in PCRs. Forty of the 
44 (91 %) AB did not reveal mobility shifts by PCR
SSCP. ln the four specimen: with mobility hirts. the p:3 

gene mutation was identifi d by direct sequencing (Figure 
-L uppa pone/). The D A sequencing reaction of the 
PCR-amplified exon 7 showed the same point mutation at 
codon 248 (CGG-to-CTG transversion) in all four speci
mens (Figure 4, Iowa panel). The pathologic diagnosi · of 
the e four specimens wa. dysplasia, and all of them were 
c.kri ed from the patients with lung cancer. p53 gene muta
tion was not detected in any specimen with ABE derived 
from benign diseases. One ca e. in which biopsie from ar
eas \vith both ABE and cancer were available. revealed 
the same point mutation in both sample (data not shown). 
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(%) 
100 

0 

p = 0.0416 

(19/26) 

Hyperplasia Metaplasia Dysplasia 

Figure 3. Data show p53 immunoreacti\'ity in each grade of 

ABE. The ratios shown at the top of each bar arc the number of 

positive samples/total number or· lesions of a specific histologic 

grade. 

Discussion 

Of the known tumor-suppressor genes. p53 is the gene 
most frequently mutated in human malignancies (21 ). This 
gene is mutated in many common tumors, including 
breast, ovarian, and colon cancers. In lung cancer, approx
imately 90% of small-cell lung cancers (22) and 50°/., of 
non-small-cell lung cancers have mutated p53 (23), with 
the highest incidence found in squamous-cell carcinomas 
(60%) and the lowest incidence in adenocarcinomas 
(30%) ( 19, 24, 25). 1t has been reported that the expres
sion of p53 protein in cancer cells is generally associated 
with mutations in the p53 gene (20, 26). However, it is not 
clear whether this tendency exists in premalignant lesions 
as well. 

In the present study we have shown that expression of 
p53 protein was found in 56% of the specimens with ABE 
and that increased p53 expression correlated with the se
verity or cellular atypia, consistent with data reported by 
other in estigators using both surgically resected spcci-

TABLI: 3 

Ri!lotionship hi!lli'een p53 expression and patients' 
cliniC{i/ hockgrounds 

( +) ( ) /'Value 

Total number of patients 31 ,., __ ) 

Sex 

Male 20 17 0.11 

Female 2 6 

Age 

Median 67 6Y 
Range 50-XlJ IX-XY 

Smoking statu� 

Smoker IX 12 (J.XX 

onsmokcr 13 II 
Clinical diagnosi'> 

Lung cancer 22 13 0..+2 

Benign disease� 9 10 

Cell line 

I 

c 

Case 1 

I I 

N D 

Case2 

I 

D 

Case3 

I I 

D c 

Case4 

I I 

N D 
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Fig11re -1. SSCP analysi-.. of pS3 C\on 7 from normal ( 1), dy-..plas

tic (D). and carcinoma (C) tissues from lour case-.. (11f1f1Cr rwnef). 

Mobility shirts were ohse1 ved in dysplasia and cmcinoma sam

ples. DNJ\ -;equencing by PC'R of amplified exon 7 fragments from 

normal and dysplastic tissue in case I is o.;hown (/oll'er pone!). The 

codon at which the mutation occurs i-. indicated. 

mens (8. 9) and transhronchial biopsy specimens (I 0, I I .  
27). Nuorva and coworkers (K) found <I significant con
currence bet ween p)3 expression in bronchial dysplasias 
and their related squamous-cell carcinomas, suggesting 
that the p53 expression could be an early event in the de
velopment of a squamous-cell carcinoma of the lung. Ben
nett and colleagues (tJ) reported an increased frequency of 
p53 protein accumulation in dysplasia, and that suggested 
p53 alterations (but not mutation�) occur before invasion. 
Investigators Boers and associates (I I) and Walker and 
coworkers (I 0) have shown that the proportion of p)3-
positive cells was correlated with the existence or develop
ment of lung cancer (I J ) . However, Walker and colleagues 
(I 0) also found that expressions of p53 protein in the nor
mal epithelium of resection margins in five of 10 were can
cer specimens, despite negative expression of p53 protein 
in the tumors themselves ( 1 0). These results indicate that 
the biologic characteristics of p53 protein detected in ABE 
may, at least in part, be different l"rom those in cancer 
cells. 

The antibodies used in the previously reported studies 
as well as in our study recognize wild-type and mutant p53 
protein. Thus, it is impossible to distinguish wild-type and 
mutant p53 protein by immunohistochemical analy is. Be
cause the functions of wild-type and mutant p53 proteins 
arc generally distinct. it is important to assess the status of 
p53 protein expression in ABE in the context of p53 gene 
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mutations. There arc only a few tudies reporting that p53 
gene mutations existed in the dysplastic tissues adjacent to 
the carcinoma tissue and that the gene alterations were 
concordant with those found in the carcinoma. Sozzi and 
associates ( 12) reported that the arne p53 gene mutation 
was found in both the tissue of lung cancer and the tissue 
of. evere dysplasia taken at the resection margin. ln that 
report, investigators analyzed a detailed p53 gene status 
using a PCR-SSCP method followed by a direct equenc
ing met hod in only one case. Sundaresan and coworkers 
( 13) reported thnt all lie loss at the p53 locus in hronchial 
dysplasia was found in one or three case with lung cancer 
and one of two cases without lung cancer. Franklin and as
sociates (2R) reported that a single identical point muta
tion in the p53 gene was identified in ABE tissues derived 
from un individual with widespread dysplastic changes of 
respiratory epithelium, suggesting a mechanism [or field 
carcinogenesis. However, it was still unclear whether alter
ations of p53 arc commonly found in ABE because only a 
small number of samples had been analyzed. To investgate 
the biologic meanings of p53 protein overexpression in 
ABE, gene analysis of p53 would be essential. Therefore, 
we investigated f753 gene alteration in ABE samples that 
expressed p53 protein. To avoid contamination with nor
mal cell , we adopted a microdissection method for the 
collection of atypical cells. In addition, in p53-positive 
samples with ABE, more than 90% of atypical cells were 
positive ror p53 protein, suggesting that these atypical cells 
were relatively homogenous with regard to p53 expre -
sion. By PCR-SSCP, mutations in the p53 gene were de
tected in only four of' 44 (9%) A BE. Tt is difficult to be cer
tain that the other 40 cases express wild-type p53 becau e 
mutations in the primer region would not be detected by 
PCR-SSCP. However, to circumvent this problem we used 
two different sets of primers to detect the mutation of p53 
in indcrendently microdissected DNA samples; the results 
were identical. Therefore. it app ars that in most ABE 
samples, wild-type p53 was cxrressed. In addition, it is 
noteworthy that p53 mutations were found only in the 
ABE ample d rived from the patients with lung cancer 
(but not benign diseases) because the result implies that 
p53 mutation is a late event of lung carcinogene is. 

The accumulation of' nonmutant p53 protein may occur 
through several mechanisms: inactivation of an enzymatic 
pathway responsible for p53 degeneration (29), tabiliza
tion of normal p53 protein through complex formation 
with a cellular oncoprotein such as mdm2 (30, 31) or a 
DNA tumor virus protein (32), D A damage-induced 
po ·t-transcriptional modification conferring an extended 
p53 protein half-life (33). nltered expres ion of the p53 
gene by cellular transcriptional regulators (34). and physi
ologic accumulation during the late G1 and S phases of the 
cell cycle (35). Ramel and colleagues hav reported that 
wild-type p53 protein accumulated in cells following treat
ment with benzo(a)pyrcnc, a major chemical carcinogen 
related to tobacco smoking (36). They suggested that p53 
may have a crucial role in preventing the initiation of car
cinogenesis induced by polycyclic aromatic hydrocarbons. 
The mechanism accounting for accumulation of wild-type 
p53 protein (but not mutant p53 protein) in premalignant 
lesions is unclear. Hmvever. expression of p53 protein in 

ABE might act as a protector against carcinogenesis of the 
premalignant Je ion because wild-type p53 protein is gen
erally believed to inhibit carcinogenesis. 

Interestingly, the p53 mutation in all four cases of ABE 
occurred at codon 248, CGG to CTG. This is consistent 
with a hot point of mutation found in lung cancer cases 
(19). ln addition, the same mutation was found in the dys
plastic tissue and cancer tissue [rom the same patient. 

In summary, the p53 protein was expressed in more 
than half of the specimens with ABE, although nearly 
90% of the ABE specimens expressed wild-type p53 pro
tein. This result suggests that mutation of the p53 gene in 
human ABE is not a common event and that p53 may act 
to inhibit the carcinogenesis of precancerous ABE lesion . 
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