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Background : The DNA-binding protein p63, a member of the p53 family, regulates differen-
tiation and proliferation of epithelial progenitor cells. In this study, we evaluated the expression
of p63 in lung cancer to gain insight into the pathogenesis of these processes. Methods : A
total of 89 patients who had undergone potentially curative surgery for lung cancer were select-
ed. Expressions of p53, p63, and Np63 were analyzed immunohistologically using a tissue
array method with formalin-fixed, paraffin-embedded specimens. Immunohistological results
were then correlated with clinicopathological parameters with prognostic implications. Results :
Expressions of p63 and Np63 were found in 47 (52.8%) and 38 (43.2%) of the 89 patients,
respectively. No relationships between the p63 or Np63 expressions and any clinicopatho-
logical variables were found. p63 was expressed in 92.5% (37/40) of the squamous cell car-
cinomas, 17.9% (7/39) of the adenocarcinomas, 20% (1/5) of the small cell carcinomas, and
0% (0/5) of the large cell carcinomas. Np63 was expressed in 92.3% (36/39) of the squa-
mous cell carcinomas, 2.5% (1/39) of the adenocarcinomas, 0% (0/5) of the small cell carci-
nomas, 0% (0/5) of the large cell carcinomas, and 50% (1/2) of the adenosquamous cell car-
cinomas. In the squamous cell carcinomas, significantly high expressions of p63 and Np63
were found (p<0.05). p53 protein was detected in samples from 49 of the 89 patients (55.1%).
No significant associations between the p53 expressions and  the p63 or Np63 expres-
sions were noted. Conclusion : p63 or Np63 is likely to be involved in the development of
squamous cell carcinomas of the lung and no significant association was found between p63
or Np63 and patient survival rates.
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INTRODUCTION

Protein p53 induces cell cycle arrest and apoptosis in response
to cellular stress such as DNA damage or hypoxia.1,2 p53 is also
a major tumor suppressor gene and is altered in a wide range of
human malignancies, including lung cancer.3 Therefore, loss of
p53 confers a growth advantage on cells via a mechanism that
induces dysregulation of growth and resistance to apoptosis. 

Recently, two p53-related genes, p63 and p73, were identified
in both humans and mice. These genes exhibit remarkable struc-
tural and sequential homology to p53. The human p73 gene is
located on the short arm of chromosome 1 and sometimes dis-
plays altered expression levels, but p73 mutations are rare in
human tumors.4,5 The p63 gene, which maps to 3q27-29, has
been independently identified by other groups and is thus alter-
natively known as KET, p40, p51, p73L, and CUSP.6-9 The p63
gene contains 15 exons and encodes at least six protein isoforms
that are classified into two groups based on whether they encode
the transcription activation domain (TA isoform) or not ( N

isoform).10 TA isoforms are similar to p53 in that they are able
to activate the transcription of specific target genes and induce
cell cycle arrest and apoptosis. The N isoforms are unable to
activate transcription; they inhibit transcription activation by
both p53 and TA isoforms in a dominant-negative manner. Gene
amplification and protein over-expression are more often detected
in a variety of carcinomas of the head and neck,11 nasopharynx,12

urinary bladder,13 oral cavity,14 cervix,15 lung,16 esophagus,17 and
skin.18 Recent studies have demonstrated that mutations in the
p63 gene are rare in human cell lines and tumors.19,20

The chromosomal region 3q22-qter, in which the p63 gene
resides, has been shown to be the most frequently amplified
genome locus in squamous cell carcinomas of the lung.21 In addi-
tion, a slight increase in p63 copy number, accompanied by a
corresponding increase in p63 mRNA and protein expression,
has been found mainly in squamous cell carcinomas and rarely
in adenocarcinomas.11 The restriction of p63 expression to squa-
mous cell carcinoma and its structural similarity to p53 suggest
that p63 plays a role in regulating the proliferation and differen-
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tiation of specific epithelial cell types.
In this study, we used immunohistochemical analyses to exa-

mine the differential expressions of p53 and p63 proteins in
lung cancers. The potential involvement of p63 alteration in
the pathogenesis of the lung cancers and the prognostic impli-
cation of p63 immunoreactivity are discussed.

MATERIALS AND METHODS

Patient selection

We selected 89 patients who had undergone potentially cura-
tive surgery for lung cancer between January 1989 and January
2002 at Inje University Sanggye Paik Hospital. The median age
of the patient group was 61 years (range 32 to 82 years); 64 were
male and 25 were female (ratio 2.5:1). Clinical characterizations
were taken from hospital records. Resected tissue specimens from
these patients were fixed in 10% buffered formalin, embedded
in paraffin, sectioned, and stained routinely with hematoxylin
and eosin. The clinical outcomes of these patients were followed
from the date of surgery to the date of death or December 1,
1999. The mean follow-up time was 42 months (range, 1-60
months). 

Immunohistochemical detection of p63 and p53

Tissue array slides were prepared by punching out tissue columns
(2.0-mm in diameter) of the most representative areas of the tumor
from the original paraffin block. The tissue columns were then
inserted into a new paraffin block containing 40 holes for the
columns. Serial-sectioned slides were then produced. This method
minimized variations in staining during the immunohistochemi-
cal analysis, since each tissue array slide carried 40 specimens. 

Immunohistochemical analyses were performed on 5- m sec-
tions from each tissue array block using the avidin-biotin peroxi-
dase complex technique. After antigen retrieval using a microwave
oven, monoclonal antibodies recognizing either the truncated
isoform of p63 ( Np63) (4A4; Oncogene, Cambridge, USA) or
both the transactivating and truncated p63 isoforms (4A4; DAKO,
Glostrup, Denmark) were applied. Adjacent, non-involved, nor-
mal bronchial mucosae were used as a positive control for p63
and Np63 expression. When more than 10% of cancer cells
showed strong nuclear staining, the tumor was judged to exhibit
nuclear expression. Immunohistochemical staining for p53 was
performed similarly, using a monoclonal antibody against p53

(DO7; DAKO, Glostrup, Denmark). 

Statistical Analyses

All statistical analyses were performed using the statistical
software program SPSS 9.0 (SPSS Inc., Chicago, IL, USA). Cor-
relations between variables were assessed using a Chi-squared
test. Cumulative survival rates were obtained using the Kaplan-
Meier method. A probability value <0.05 was considered statis-
tically significant.

RESULTS

The clinicopathological features of patients and the results of
the p63 and Np63 immunohistochemical stains are summa-
rized in Table 1. This study showed  a male predominance of
lung cancer. Histological diagnoses were as follows: 40 (44.9%)
squamous cell carcinomas, 39 (43.8%) adenocarcinomas, 5 (5.6%)
large cell carcinomas, 2 (2.2%) adenosquamous cell carcinomas,
1 (1.1%) small cell carcinoma, 1 (1.1%) mucoepidermoid car-
cinoma, and 1 (1.1%) atypical carcinoid. Histologic grading was
considered in the squamous cell carcinomas and the adenocarci-
nomas; 24 of these tumors (30.4%) were well differentiated, 39
(49.4%) were moderately differentiated, and 16 (20.3%) were
poorly differentiated. Tumor staging was assessed according to
World Health Organization guidelines.22 Forty-one patients
(46.1%) had stage I disease, 21 (23.6%) had stage II disease, and
27 (30.3%) had stage III disease.

Forty-seven (52.8%) of 89 cases and 38 (43.2%) of 88 cases
were immunopositive for p63 and for Np63, respectively.
Expressions of p63 and Np63 were significantly more com-
mon in male patients than in female patients (p<0.05, Table
1). Expressions of p63 were found in 92.5% (37/40) of the
squamous cell carcinomas (Fig. 1), in 17.9% (7/39) of the ade-
nocarcinomas (Fig. 2), in 20% (1/5) of the small cell carcino-
mas, and in 0% (0/1) of the large cell carcinomas. Expressions
of Np63 were found in 92.3% (36/39) of the squamous cell
carcinomas (Fig. 3), in 2.5% (1/39) of the adenocarcinomas
(Fig. 4), in 0% (0/1) of the small cell carcinomas, in 0% (0/5)
of the large cell carcinomas, and in 50% (1/2) of the adenosqua-
mous cell carcinomas. The squamous cell carcinomas displayed
significantly high levels of p63 and Np63 expression (p<0.05).
In the adenosquamous cell carcinomas, positive stainings for
p63 were found in two cases, and one case was positive for 
Np63. The immunopositioily was restricted to the squamous
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cell component. 
No significant correlations between p63 or Np63 expres-

sion and clinicopathological parameters, such as differentiation,
lymph node metastasis, stage, pleural invasion, or lymph/angio-
invasion were found in the entire lung cancer. In the lung squa-
mous cell carcinoma, there were no significant differences in
the frequency of p63 or Np63 expression with respect to sex,
differentiation, lymph node metastasis, stage, pleural invasion,
or lymphatic/angio-invasion. In the better-differentiated squa-
mous cell carcinomas, p63 and Np63 immunoreactivity was
confined to a rim of peripheral basal-like cells (Fig. 1A, 3A),
whereas in the less differentiated squamous cell carcinomas,
most of the neoplastic cells were immunoreactive (Fig. 1B,
3B). In the adenocarcinomas, there was no significant relation-
ship between p63 or Np63 expression and any of the above
clinicopathological parameters. A total of 49 of the 89 samples
(55.1%) were immunopositive for p53 protein: 26/40 (65.0%)
of the squamous cell carcinomas, 19/39 (48.7%) of the adeno-
carcinomas, 1/5 (20.0%) of the large cell carcinomas and 2/2

(100%) of the adenosquamous cell carcinomas. The small cell
carcinoma, mucoepidermoid carcinoma, and carcinoid tumor
cases did not yield positive stainings for p53. No significant
associations were noted between clinicopathological parameters
and the nuclear accumulation of p53, and no significant associ-
ations between the expression of p53 and the expression of p63
or Np63 were noted in lung cancer (p>0.05). The presence
or absence of p63- or Np63-immunoreactivity did not sig-
nificantly affect cumulative survival rates (p>0.05, Fig. 5).

DISCUSSION

In this study we used immunohistochemical methods to
examine the expressions of p63 and Np63 isoforms in vari-
ous lung cancers. Monoclonal antibodies recognizing either all
p63 isoforms (p63) or only the truncated p63 isoform ( Np63)
were used. We found that 92.5% and 92.3% of lung squamous
cell carcinomas were immunopositive for the expression of p63

p63 Np63

positive negative p value positive negative p value

Sex
Male 64 (71.9%) 40 24 35 28
female 25 (28.1%) 7 18 p<0.05 3 22 p<0.05

Diagnosis
SCC 40 (44.9%) 37 3 p<0.05 36 3 p<0.05
ADC 39 (43.8%) 7 32 1 38
SmCC 1 (1.1%) 1 4 0 5
LCC 5 (5.6%) 0 1 0 1
ADSCC 2 (2.2%) 2 0 1 1
Others 2 (2.2%) 0 2 0 2

Differentiation
Well 24 (30.4%) 10 14 10 14
Moderately 39 (49.4%) 26 13 22 16
Poorly 16 (20.3%) 8 8 NS 5 11 NS

Lymph node metastasis
Positive 42 (47.2%) 23 19 18 23
negative 47 (52.8%) 24 23 NS 20 27 NS

Stage
I 41 (46.1%) 23 18 20 21
II 21 (23.5%) 11 10 10 11
III 27 (30.3%) 15 12 NS 8 18 NS

Pleural invasion
Positive 21 (23.6%) 8 13 6 15
Negative 68 (76.4%) 39 29 NS 32 35 NS

Lymphatic/angio-invasion
Positive 33 (37.1%) 16 17 12 20
negative 56 (62.9%) 33 23 NS 26 30 NS

SCC, Squamous cell carcinoma; ADC, adenocarcinoma; SmCC, small cell carcinoma; LCC, large cell carcinoma; ADSCC, adenosqaumous cell
carcinoma.

Table 1. Clinicopathologic features of patients and results of immunohistochemistry



and Np63, respectively, and strong and diffuse immunoreac-
tivity in the majority of these tumor cells was generally observed.
In contrast, only 0 to 2.5% and 0 to 20% of the other types of
lung cancers examined were Np63- and p63-positive, respec-
tively, and positive reactions were most often observed only in a
minority of the tumor cells. Our study, in keeping with recent
reports, confirms that p63 and Np63 are expressed in the

vast majority of squamous cell carcinomas.16,23 Interestingly, the
p63 gene maps to chromosome 3q27-qter, a region frequently
amplified in lung squamous cell carcinomas.11,24

A strong association between p63 expression and squamous
differentiation in uterine cervical transformation zones and in
squamous cell carcinomas of the head and neck, oral cavity,
esophagus, and skin has also been reported,11,14,17,18,25 suggesting
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Fig. 1. (A) Immunohistochemical staining for p63 shows nuclear staining in the peripheral areas of well-differentiated squamous cell carci-
noma. (B) Moderate to poorly differentiated squamous cell carcinoma is diffusely stained for p63.

A B

Fig. 2. (A) Immunohistochemical staining for p63 shows strong nuclear staining in a minonity of adenocarcinoma. (B) Many adenocarci-
nomas are negative for p63 (B).

A B



a major role of p63 in the development of squamous cell carci-
nomas. Immunostaining for p63 in poorly differentiated metas-
tatic carcinomas is highly predictive of a primary tumor of
squamous epithelial origin.26 Therefore, p63 screening may be
useful in distinguishing squamous cell carcinomas from small
cell or other non-small cell carcinomas in the lung. Progressive
accumulations of p63-immunoreactive cells in squamous meta-

plasias and dysplasia to in situ and in invasive squamous cell
lung carcinomas have also been reported.23 Similar results have
been found in esophageal, uterine cervical, and laryngeal can-
cers.17,25,27 These results suggest that abnormalities in the p63
gene are involved in the early steps of squamous cell carcinoma
development, as has been found for p53. 

The major p63 isoform expressed in human epithelial tumors
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Fig. 3. (A) Immunohistochemical staining for Np63 shows nuclear staining in the peripheral areas in well-differentiated squamous cell
carcinoma. (B) Diffuse staining for Np63 is present in poorly differentiated squamous cell carcinoma.

A B

Fig. 4. (A) Immunohistochemical staining for Np63 shows strong nuclear staining in a few adenocarcinoma. (B) Many adenocarcino-
mas are negative for p63 (B).

A B



and cell lines is Np63, rather than TAp63.11-18 Np63 can-
not activate transcription and acts in a dominant-negative fash-
ion, inhibiting p53 and TAp63. Therefore, the expression of 
Np63 might be expected to block p53-induced growth inhibi-
tion and apoptosis induction, thereby promoting the prolifera-
tion of progenitor cells.28 The physical interaction between p53
and Np63, which occurs via the DNA-binding domain,29

actively represses p53-mediated transactivation activity and
promotes p53-dependent degradation of Np63.29 This critical
interaction may balance the oncogenic and growth-stimulating
properties and the tumor suppressor activity of the p53 family,
and it may provide a mechanism for the putative role of Np63
in lung squamous cell carcinomas. This supposition is consistent
with our results, since we found that Np63, as well as p63,
was overexpressed in squamous cell carcinomas. Recent studies
have demonstrated that down-regulation of the TAp63 isoform
is detected in urothelial and squamous cell carcinomas,10,13,23 but
our study did not address TAp63 expression. 

Our study showed no significant relationships between p63
or Np63 expression and any clinicopathological parameters
(differentiation, lymph node metastasis, stage, pleural invasion
and lymphatic/angio-invasion). We observed an overall male
predominance in lung carcinomas because males with squa-
mous cell carcinomas far outnumbered the number of females
with squamous cell carcinomas (male:female=37:3); whereas
the numbers of males and females with adenocarcinomas were
similar. Conflicting data regarding Np63 expression and dif-
ferentiation have been reported. In squamous cell carcinomas of
the skin, the number and distribution of cells expressing Np63
were found to correlate with anaplasia.18 In contrast, the detection

of Np63 in nasopharyngeal squamous cell carcinomas appar-
ently did not depend on tumor grade.12 In our study, Np63
expressions tended to decrease in poorly differentiated tumors,
but this decrease was not statistically significant. Our investi-
gation included only seven cases of poorly differentiated squa-
mous cell carcinoma, allowing only limited statistical conclu-
sions. In well-differentiated foci of squamous cell carcinomas,
we did observe a decrease in Np63 expression. Several inves-
tigations have shown a similar loss of Np63 expression in well-
differentiated areas of squamous cell carcinomas.16,18,23 These
results indicate that the maintenance of proliferative potential
and prevention of terminal differentiation of squamous cells may
be associated with the existence of the Np63 isoform. 

Using a monoclonal antibody recognizing all p63 isoforms,
Pelosi et al.23 demonstrated the expression of p63 in the foci of
atypical adenomatous hyperplasia, the putative precursor of lung
adenocarcinoma. TAp63 is expressed in the differentiated cells
of the normal stratified epithelium, in the differentiated luminal
cells of the breast and prostate, in the colonic epithelium, and
in the adenocarcinoma.28 This expression pattern is compatible
with the restriction of Np63 expression to undifferentiated
squamous cells and basal or myoepithelial cells of the normal
epithelium, as shown in a recent study.28 In our study, 17.9%
and 2.5% of adenocarcinomas were immunopositive for p63
and Np63 expression, respectively. The much higher propor-
tion of p63-positive cases relative to Np63-positive cases may
be due to the existence of a TAp63 isoform. This assumption is
consistent with a previous report.28 Thus, it is likely that changes
in the expressions of both TAp63 and Np63 have significant
effects on proliferation and differentiation in the lung carcinoma.
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Fig. 5. Cumulative survival curves for p63-positive and p63-negative groups (A) and Np63-positive and Np63-negative groups (B) of
lung cancers.

A B
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No significant associations between p53 and p63 or Np63
expression were observed in our study, suggesting that p53 and
p63 gene abnormalities occur independently in human cancers.
Thus, p63 may be involved in an unknown pathway that is dis-
tinct from that of p53. In addition, although p63, especially 
Np63, is likely to be involved in the development of the lung
squamous cell carcinoma, we did not find any correlations between
p63 or Np63 and cumulative survival. Our findings are in
agreement with previous results.23

In conclusion, we have characterized the expression of p63, a
p53-related protein, in lung cancer. Although the precise mecha-
nisms by which this gene influences epithelial differentiation
have yet to be elucidated, our results indicate that the expres-
sion of p63 isoforms, especially that of Np63, is upregulated
in the lung squamous cell carcinoma. Thus, p63 may play a role
in the development of the squamous cell carcinoma, although
its presence or absence does not appear to have prognostic impli-
cations.
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