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ABSTRACT: Dysplasia is an important step in bronchial carcinogenesis and smokers
present more dysplastic lesions than nonsmokers. These lesions not always lead to
malignancy, so there is a need for additional, preferentially objective, diagnostic
markers.

To verify whether immunohistochemical overexpression of p53 protein in dysplastic
areas could be a predictive marker of the development of lung cancer, we investigated
p53 overexpression in 22 bronchial dysplastic lesions obtained by fibrebronchoscopy
from heavy smokers who were not diagnosed as having lung cancer and were followed
for a 4-yr period.

Nine (41%) lesions showed p53-positivity. Seven lung cancers (78%), mostly squa-
mous cell carcinomas, were detected within the follow-up in these patients and 3 in 13
(23%) patients with p53-negative lesions. Lung cancer occurred in all seven patients
with dysplastic lesions showing >10% p53 positive nuclei. The positive predictive
value of p53 immunostaining for lung cancer was 78%. The negative predictive value
of p53 was 77%. p53 staining was not detected in squamous metaplasia lesions without
atypia and in normal bronchial epithelium.

Our findings provide evidence that p53-overexpression in bronchial dysplastic
areas may be a clinically useful marker for identifying patients proceeding to, at least,
squamous cell carcinoma and, in addition, may facilitate the detection of occult tu-
mours.
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Worldwide, lung cancer (LC) is the most common can-
cer in males and the incidence among females continues to
increase in developed countries [1]. The role of smoking
as the most important cause of LC is undeniable. The
likelihood of developing LC is directly related to the
number of cigarettes smoked over time (usually quanti-
fied as the number of pack-years ): 20±30 pack-yrs (one
pack-yr is defined as the equivalent of smoking one pack
per day for one year) is now considered the threshold for
an increased risk of developing LC and the onset of
smoking at a young age is a particularly strong risk [2].

The histological changes associated with the develop-
ment of LC consist of basal-cell hyperplasia, squamous
metaplasia (SM), dysplasia and carcinoma in situ and the
number of SM lesions, as well as the grade of dysplasia,
increases with the number of cigarettes smoked [3±5]. This
sequence is most evident in squamous cell carcinoma
(SQCC) which derives directly from bronchial epithelial
cells, but it is not as clear in the other types of LC [3±6].
Progression is not inevitable as the risk of LC seems to
decline with the cessation of smoking and the reversible
nature of SM lesions, even with high grade of dysplasia,
has been suggested [4, 6±8]. Therefore, morphological
methods are not always sensitive enough to identify those
lesions which may progress to malignancy.

The evolution of LC, especially of SQCC, has been
studied using the genetic model proposed for colorectal
tumorigenesis in which the multistage process of carcino-

genesis has been deciphered as a progressive accumulation
of gene mutations (activation of cellular proto-oncogenes
and inactivation of tumour-suppressor genes) that are tho-
ught to accompany the morphological changes that pre-
cede malignancy [9±10].

So far, the best known tumour suppressor gene is the
p53 gene located at position 13 on the short arm of chro-
mosome 17, which encodes a 53 kDa nuclear phospho-
protein. p53 gene and gene product are involved in cell
growth control by stimulating the expression of down-
stream genes that negatively control cell growth: when
cellular DNA are damaged, the cells increase the levels of
wild-type p53 protein that switch off the cell cycle until
damage is repaired or trigger cell suicide through apoptosis
[11±13]. Loss of this activity, by mutations in the protein-
coding sequence of the gene, may lead to neoplastic
transformation [13, 14±15].

Mutations prolong the half-life of the p53 protein, so
mutant protein accumulates within the nuclei of malignant
cells in amounts that can be detected by immunohisto-
chemistry, whereas the concentration of the wild-type p53
in normal cells is so low that it cannot be detected im-
munohistochemically.

Previous studies have provided evidence that lesions in
the p53 gene is an early event in the development of lung
cancer, at least of SQCC, and the overexpression of p53
may be helpful in the identification of those early lesions
which progress to malignancy [12, 16±26]. Besides, p53
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overexpression has also been observed in premalignant
lesions associated with other tobacco-related tumours in-
cluding head, neck and oesophageal squamous cell cancer
[23]. SUZUKI et al. [24] showed that lifetime cigarette con-
sumption (thirty pack-years) was the only factor closely
related to p53 mutations and it has also been reported that
the type of mutation seems to reflect the mutagens in-
volved: GC to TA transversions, frequently found in LC,
are usually caused by benzpyrene contained in cigarette
smoke [13±15, 24].

However, these studies mostly investigated p53 overex-
pression in metaplastic lesions adjacent to invasive SQCC.
They did not analyse p53-positive metaplastic areas from
subjects without LC or did not report the evolution of these
lesions in a clinical follow-up. Therefore, a clinical pros-
pective study was undertaken to determine whether im-
munohistochemical overexpression of p53 in bronchial
dysplastic areas, collected by fibrebronchoscopy from
subjects without a detectable LC at the time biopsies were
taken, could be a more predictive marker for the develop-
ment of LC than dysplasia.

Materials and methods

Case selection

Of the patients who underwent a fibrebronchoscopy
between 1993 and 1994 in the authors' institute due to the
clinical and radiological suspicion of LC, multiple biopsies
were performed in subjects who had a history of smoking
for ~30 pack-yrs to obtain tissue that was screened for SM
and graded for dysplasia. The cases diagnosed as having
LC by bronchoscopy, transthoracic needle aspiration bi-
opsy (TNAB) or surgical resection were excluded from the
study.

Biopsy specimens. The biopsy specimens were taken from
four standardized sites: the bifurcation of the right upper
lobe and main stem, the bifurcation of the right middle lobe
and lower lobe, the medial basal bronchus of the right lower
lobe, the bifurcation of the left upper lobe and lingula [3].

Histological criteria and classification of lesions. The
specimens were independently examined for the presence
of SM and graded for dysplasia (I=mild; II=moderate;
III=severe) by two pathologists who were blinded to a
subject's smoking history. The results were compared and
the case was enrolled only if the interpretation was the
same. The cases showing regular SM + dysplasia were
considered as dysplasias. Given that in the high grade of
dysplasia it is usually easier to find a significant p53-
positivity, the biopsy with the highest grade of atypia was
chosen to perform immunohistochemistry for p53.

The histological criteria used to classify progenitor le-
sions have been described by WHO [27]. SM: areas of
bronchial mucosa exhibiting replacement of the ciliated
respiratory epithelium by mature or immature stratified
squamous epithelium which lacks cytological atypia. The
basal cell layers is generally well defined and uniform.
Bronchial dysplasia: areas in which the metaplastic squa-
mous epithelium exhibits mild to marked nuclear atypia
and an increased nucleus: cytoplasma ratio. The organi-
zation of the basal layer is disrupted, mitotic figures are
increased and often present above the basal layer.

Immunohistochemistry for p53 protein. Sections (3 mm) of
routinely processed specimens for each case, cut onto
coated slides, were dewaxed in xylene and rehydrated by
passing through a graded series of ethanol concentrations
ending with deionized distilled water. After rinsing in 0.05
M phospate-buffer saline (PBS), the slides were washed in
citrate buffer (pH 6) and treated in a microwave oven using
750 Watt power for 15 min (335 min). After complete
cooling the slides were incubated in 0.1% sodium azide
containing 0.3% hydrogen peroxide for 15 min to quench
the endogenous peroxidase, and then were treated with 3%
normal goat serum for 15 min to block non-specific bind-
ing. The primary monoclonal antibody (p53- D07, BIO-
OPTICA, Milan, Italy) was then applied to the sections at a
dilution of 1:100 and incubated for 1 h at 378C. After three
washes in PBS, slides were treated with biotinilated immu-
noglobulin (Ig)G-anti-rabbit for 30 min at room tempera-
ture. After two washes in PBS, peroxidase-conjugated
streptavidin was applied for 15 min at room temperature.
To develop peroxidase activity, a filtered solution of 5
mg of 3-3'diaminobenzidine tetrahydrochloride (15KP500
BIO-OPTICA), dissolved in 10 mL of tris buffer (0.05 M,
pH 7.6) and 0.03 H2O2, was used. Mayer haematoxylin
was employed to counterstain the slides. Negative control
slides, to which normal rabbit serum instead of primary
antibody was applied, were included in each staining. Un-
equivocal nuclear staining was the criterion for a positive
reaction: cytoplasmic staining alone was considered nega-
tive for p53.

Evaluation of immunohistochemistry. To assess p53 stain-
ing, sections for each case were independently scored by
both pathologists and the results were compared. Scoring of
p53 immunoreactivity was done semiquantitatively (the
number of p53-positive nuclei was counted and expressed
as a percentage of all nuclei of the lesion) and, divided into
four groups: 0 = negative; + = 1±10% - ++ = 10±50%; +++
>50%.

Subjects. Finally, 22 subjects (7 females and 15 males.
mean age 61.6�7.8 yrs), current smokers for about 30 pack-
yrs with at least a bronchial dysplastic lesion but without a
detectable lung tumour were enrolled, on the basis of the
data reported by SACCOMANNO et al. [4] concerning the
delay of development from mild/moderate atypia to inva-
sive carcinoma, into a minimum of 4 yrs of clinical and
radiological follow-up study to control the possible dev-
elopment of LC.

Analysis

Age and tobacco consumption (pack-yrs) of the subjects
were expressed as mean�SD. Comparisons between the
means of the subjects with dysplasia showing p53-posi-
tivity and dysplasia p53-negative and with or without can-
cer were made by Student's unpaired t-test. Categorical
variables were expressed by contingency tables, and Chi-
squared test was used for determining the significance of
associations. Values of p<0.05 were considered significant.
Relative risk for p53 positivity with 95% confidence
intervals (95% CIs) was used to measure the strength of the
association between the risk factor and illness.
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Results

Table 1 summarizes the clinical characteristics, the
smoking habit, the grade of dysplasia, the p53 status in
the dysplastic lesions at the time they were detected and
in the corresponding tumours, and the malignancy at the
end of the follow-up of the patients studied (a minimum
of 4 yrs of follow-up for each patient).

Table 2 displays the characteristics of the patients who
developed a tumour and the period between first syste-
matic bronchoscopic sampling and the diagnosis of lung
cancer ("latency time"). Carcinoma was detected in 10
(45%) of the 22 patients and SQCC was the most frequent
type of tumour associated with dysplastic lesions (7 SQ-
CC, 2 adenocarcinomas and 1 small cell lung carcinoma
(SCLC)). In 5 of these 10 cases, the tumour was diagnos-
ed within a year after dysplasia was detected (synchro-
nous), the remaining 5 after one year (metachronous).

The mean age was not significantly different (p=0.3)
between the subjects with p53-positive lesions (63�8 yrs)
and the subjects without p53-positivity (60�8 yrs) and was
not different (p=0.2) between the subjects who developed
lung cancer (64�8 yrs) and those who did not (60�8 yrs).

The average tobacco consumption of the subjects was
high (42�14 pack-yrs) and the amount of lifetime cigarette
consumption seems to be a factor closely related to p53
overexpression and cancer. In fact, the subjects with p53-
positivity smoked more than the subjects with p53-nega-
tivity (mean pack-yrs 53�14 and 34�6 respectively) and
the difference was statistically significant (p=0.0003). The
subjects with cancer at the end of the follow-up smoked
more than the subjects without cancer (49�17 and 36�8
pack-yrs) and the difference was statistically significant
(p=0.03).

Of the twenty-two dysplastic lesions, 8 (36%) were lab-
elled as grade I, 10 (45%) as grade II, and 4 (18%) as grade
III (table 3). A malignancy occurred in 2 of 8 (25%) pa-
tients with grade I dysplasia, in 5 of 10 (50%) with grade
II dysplasia and in 3 of 4 (75%) with grade III dysplasia
(table 3). The relationship between grade of dysplasia and
malignancy was not statistically significant (p=0.3), al-
though a positive association seems to exist between
these variables.

Nine (41%) of the 22 lesions showed p53-positivity.
Cells were counted as positive if they showed a strong
nuclear staining. Dysplasia was considered positive for p53
immunostaining even if less than 10% of nuclei were
stained. Two types of p53 immunostaining were found in
the dysplastic lesions: scattered, isolated p53-positive cells
and clusters of p53-positive cells. Normal bronchial epi-
thelium was completely negative for p53 immunostaining.
SM lesions without atypia, in which unequivocal nuclear
p53 staining was not detected, are not represented in this
paper.

Positive p53 immunostaining was seen in 37% of grade
I dysplasias (3/8), 40% of grade II dysplasias (4/10) and
50% of grade III dysplasias (2/4) (table 1). At the end of
the follow-up, 6 SQCC and 1 SCLC were detected in 7/9

Table 1. ± Patients' clinical characteristics and p53 status

p53 status

Clinical characteristics Negative Positive

Age yrs 60�8 63�8+

Male 8 7
Female 5 2
Smoking pack-yrs 34�6 53�14++

Grade of dysplasia
I 5 (62.5) 3 (37.5)
II 6 (60) 4 (40)
III 2 (50) 2 (50)
Total 13 (60) 9 (40.9)

Malignancy within the
follow-up: 4yrs
SQCC 1 6
Adenocarcinoma 2 0
SCLC 0 1
Total 3 (30) 7 (70)

Values represent mean�SD or n (%); +: p=0.3; ++: p=0.001;
SQCC: squamous cell carcinoma; SCLC: small cell lung carci-
noma; n=22.

Table 2. ± Characteristics of the patients with a tumour

Patient Sex Age
yrs

Smoking
pack-yrs

Dysplasia
grade

p53
expression

Diagnosis Months
after biopsy

1 F 61 28 I - Adenocarcinoma 31
2 F 70 32 II - Adenocarcinoma 8
3 M 67 42 III - SQCC 36
4 M 78 75 I ++ SQCC 30
5 M 68 42 II ++ SQCC 18
6 F 51 54 II ++ SQCC 5
7 M 68 75 II ++ SQCC 16
8 F 55 40 II +++ SQCC 5
9 M 59 35 III ++ SCLC 10

10 M 60 60 III +++ SQCC 6
mean�SD 64�8 49�17

M: male; F: female; SQCC: squamous cell carcinoma; SCLC: small cell lung carcinoma. -: negative; +: 1±10%; ++: 10±50%; +++:
>50% of nuclei positive.

Table 3. ± Grade of dysplasia and malignancy

Malignancy No malignancy

I 8 (36) 2 (25) 6 (75)
II 10 (45) 5 (50) 5 (50)
III 4 (18) 3 (75) 1 (25)
Total 22 10 (45) 12 (55)

Values are presented as n (%). p=0.3.
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(78%) patients with p53-positive dysplastic lesions, whe-
reas 1 SQCC and 2 adenocarcinomas were diagnosed in
3/13 (23%) patients with p53 negative dysplastic lesions
(tables 2 and 4). p53-positive dysplasia was found es-
pecially throughout the right bronchial tree. LC was
diagnosed in the same area of the previously detected
p53-positive dysplasia.

The positive predictive value of p53 immunostaining for
lung cancer was 78% (table 4). The negative predictive
value of p53 was 77% (table 4). The association between
p53 immunoreactivity and malignancy was statistically
significant (p=0.01). The relative risk for cancer to devel-
op in the p53 positive subjects was 3.37 (CIs 1.31±8.65).

LC occurred in all seven patients with dysplastic lesions
showing >10% p53 positive nuclei (positive predictive
value = 100%) (table 2; fig. 1). In these lesions, the pattern
of immunoreactivity, more indicative of p53 gene muta-
tion, was characterized by clusters of positive nuclei (11±
60%) in the basal and suprabasal areas. In 2 of 3 p53-
positive grade I dysplasias, the pattern of immunoreac-
tivity was restricted to scattered, isolated cells, located
predominantely in the lower layers (these lesions showed
<5% p53 positive nuclei) (fig. 2). Of these two p53-
positive cases, one had interstitial fibrosis and the other
had chronic obstructive pulmonary disease (COPD).

Discussion

As far as the authors' know, this is one of the first
attempts to investigate the predictive value of immunohis-
tochemical overexpression of p53 protein for the occur-
rence of LC by collecting bronchial dysplastic lesions in

subjects already at risk for developing LC, but with no
detectable tumour, and following them over a period of at
least four years.

The study shows that seven of nine subjects with p53
positive dysplasia developed a lung cancer within the fol-
low-up period (positive predictive value = 78%) whereas
only three p53 negative subjects developed a tumour (ne-
gative predictive value 77%). In the group with more than
10% positive nuclei, the positive predictive value was
100%. The association between p53 positivity and the oc-
currence of malignancy was statistically significant (p=
0.01). The relative risk for cancer to develop in the p53
positive subjects is estimated at a 3.37±fold increase over
the p53 negative subjects. The association between grade
of dysplasia and malignancy was not significant (p=0.3),
although a high grade of dysplasia seems to have a positive
correlation with the occurrence of malignancy. The amount
of lifetime cigarette consumption was the only factor rel-
ated to p53 mutations and cancer (p=0.0003 and p=0.03,
respectively), These data support the conclusion that p53
overexpression in bronchial dysplastic areas is a more pre-
dictive marker of the development of LC than dysplasia.

Immunohistochemical overexpression of p53 protein is
currently used as indicator of p53 mutation especially if
p53-positive nuclei occur in clusters in the basal and
suprabasal areas in premalignant lesions [15, 19, 21, 28±
29], whereas the presence of a few scattered immunor-
eactive nuclei is probably due to a transient elevation of the
wild-type p53 protein concentration [20, 21, 28, 30, 31].
Obviously, immunohistochemistry cannot detect such
mutations that lead to low levels of protein or no protein
at all. Therefore, a weak or no p53 cellular staining may
also indicate a mutated p53 gene [32].

Table 4. ± p53 immunoreactivity in dysplasia and malignancy

Grade of
p53-positive p53-negative

dysplasia Total Malignancy No malignancy Total Malignancy No malignancy

I 8 3 1 (33) 2 (67) 5 1 (20) 4 (80)
II 10 4 4 (100) 0 6 1 (17) 5 (83)
III 4 2 2 (100) 0 2 1 (50) 1 (50)
Total 22 9 7 (78) 2 (22) 13 3 (23) 10 (77)

Values are presented as n (%). p=0.01.

Fig. 1. ± Bronchial biopsy containing a dysplastic lesion stained immu-
nohistochemically for p53. The p53 score was >50%. (Internal scale
bar=80 mm.)

Fig. 2. ± Bronchial biopsy containing a dysplastic lesion in which only
a few nuclei were positive for p53 immunostaining. The p53 score was
5%. (Internal scale bar=50 mm.)
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In the present study, in which a small series of bronchial
dysplasias were investigated because cases were extremely
selected and technical problems related to the small size of
bronchial specimens, p53 immunoreactivity was found in 9
of 22 (41%) dysplastic lesions: 37% of mild dysplasia,
40% of moderate dysplasia and 50% of severe dysplasia.
There was an increasing frequency of p53 protein accum-
ulation starting with mild dysplasia, although the frequen-
cy in mild dysplasia was higher than in previous reports.
This is mainly due to the small series investigated. More-
over, two mild dysplastic lesions labelled as p53-positive
showed only isolated p53-immunoreactive cells dispersed
along the basal area and they were found in two subjects
with benign disease who did not develop LC within the
follow-up, so the case that may be considered really signi-
ficant is 1 out 8 (12.5%). Nevertheless, being the follow-up
time limited to 4 years, it is possible that they may develop
LC later, but it is remarkable to consider that carcinoma
occurred within the follow-up in all seven subjects with
lesions showing definite clusters of p53-positive nuclei.
This allow us to support the hypothesis that cells with mu-
tant p53 genes seem to acquire a selective growth advan-
tage leading to rapid selection of malignant clones [30, 33].
Of these seven lung cancers, six were SQCC that turned
out to be p53-positive, whereas three p53-negative sub-
jects developed a p53-negative tumour (1 SQCC and 2
adenocarcinomas) (tables 1 and 4).

These data confirm the results reported by other studies
supporting a multistage model for SQCC in which genetic
damage to the p53 gene occurs before the onset of invasion
[20±22, 25, 26]. RUSCH et al. [25] have reported that p53
staining was not seen in any of the bronchial lesions
associated with invasive tumours of histologies other than
SQCC, even though the tumour was p53 positive, con-
cluding that abnormalities of p53 expression may be a
late event in the development of nonsquamous carcino-
mas [25]. In a paper by BRAMBILLA et al. [30], a link be-
tween preinvasive bronchial lesions and nonsquamous
cancers has been established, even though squamous car-
cinoma was the most frequent type of LC associated with
preinvasive lesions. The present results compare well
with the observations of previous studies [21, 22, 26, 34].

During the course of this prospective study, two authors
have reached the same results. BOERS et al. [35] have pro-
vided evidence, from a retrospective study on a series of
51 bronchial dysplasia of patients with or without lung
cancer, that p53 positivity had a higher predictive value
for synchronous lung cancer than the high grade of dys-
plasia. BOERS et al. [35], in contrast with the present
results, reported that p53 seems to identify patients at risk
for LC irrespective of the type of the pattern of p53 im-
munoreactivity. However, because the present study re-
ferred to fewer cases, with a shorter follow-up time, is not
necessarily at variance with these data.

More recently, BRAMBILLA et al. [30] have highlighted
the importance of studying the overexpression of p53
from hyperplasia to carcinoma in situ in the largest group
of patients with and without LC so far analysed, the high
predictive value of p53 for progression to invasion when-
ever p53 immunostaining is found in preinvasive lesions
showing definite clusters of p53-positive cells, also sug-
gesting that p53-negative lesions could progress less
rapidly through invasion. BRAMBILLA et al. [30] used 20
patients with no cancer history as a control group in

which 10 patients were nonsmokers, dysplasias were rare
and there was no case of p53-positivity in preinvasive
lesions [30]. Our study differs in that biopsies were
collected in heavy smokers and only dysplastic lesions
were selected to perform immunohistochemistry for p53
and, besides, the follow-up time was longer.

In conclusion, our findings provide evidence that scre-
ening early bronchial lesions for p53 mutations may be of
help for the early diagnosis of lung cancer, at least of
SQCC, and may facilitate the detection of occult tumours.
As malignant transformation seems to result from activa-
tion of different mechanisms, the use of additional bio-
markers could enhance the diagnostic possibilities offered
by p53 immunohistochemistry [25, 30, 35]. Patients with
preinvasive bronchial lesions positive for markers of can-
cer progression, especially for p53, should represent targets
for interventional strategies designed to interrupt prema-
lignant progression.
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