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ABSTRACT

Alterations of pS3 are one of the most common molecular changes
found in all types of lung tumors, suggesting a crucial role for p53 in
bronchial carcinogencsis. However, the prognostic significance of pS3 ab
normalities in lung cancer patients is still unclear. By using genetic and
immunohistochemical methods we have found p53 alterations in 40 of 53
(75%) primary, resected non-small cell lung cancer. A strong association
(P = 0.0015) was found between deletions on chromosome region 17pl3.3
and /o.f mutations suggesting that loss of the wild-type p53 alÃelemight be

necessary for tumorigenesis. Correlations to clinicopathological parame
ters showed that p53 alterations (structural aberration of the gene and/or
nuclear accumulation of the protein) are significantly linked with meta-

static involvement of hilar and mediastinal lymph nodes (P < 0.01 ). Since
the latter are well established prognostic factors for non-small cell lung

cancer. p53 aberrations may also be a predictor of tumor aggressiveness.

INTRODUCTION

Lung cancer has become a predominant cause of cancer-related

death throughout the world. From a clinicopathological point of view
a distinction is made between small cell lung carcinomas, which are
extremely aggressive and treated mostly with chemotherapy, and other
types (more than 75% of lung tumors) grouped together as NSCLC4

for which surgery is the treatment of choice when the disease is
localized ( 1). Smoking and other environmental carcinogens are well
known risk factors; however, the biological events involved in the
development of lung cancer are only beginning to be understood.
Extensive studies using molecular and cellular techniques suggest that
bronchial carcinogenesis is a multistep process involving a cascade of
somatic genetic changes (see Ref. 2 for review).

Mutations of the p53 gene, which encodes a Mr 53,000 nuclear
phosphoprotein, are one of the most common genetic abnormalities
found in all types of lung tumors suggesting a crucial role for p53 in
bronchial carcinogenesis (3-8). This gene was first considered as a
dominantly acting oncogene (9-11 ). It is now clear that the oncogenic

activity of p53 depends on the mutation of its coding sequence (12)
and that the wild-type counterpart actually has a tumor suppressor

function (13, 14). Different mutations of p53 may have different
effects on tumor development (see Ref. 15 for review). Some muta
tions are recessive and lead to the expression of an inactive protein,
while others may exert a dominant loss of function effect in which the
mutant p53 overcomes the suppressor activity of the wild-type protein

by the formation of inactive complexes.
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The frequency of Â¡>53abnormalities in lung cancer has been studied
by immunohistochemistry (5. 7. 16) or molecular biology techniques
(direct sequencing, PCR-SSCP analysis) (3. 6, 8, 17). The immuno

histochemical approach is based on the assumption that mutations in
the p53 gene that are oncogenic can increase the half-lite of its protein

product (18). thus resulting in its accumulation to levels detectable by
immunohistochemical methods (19, 20). However, the actual number
of p53 aberrations can be underestimated by immunohistochemistry
for several reasons. Besides technical problems (?.#.. fixation or sam
ple storing), it is well described that particular mutations (such as
nonsense, splicing, or deletion) can affect the gene so that the protein
is not produced or the target epitopes are not available for the immu-
noreaction (21, 22). Moreover, recent data would indicate that mis-

sense mutations do not always result in a sufficient stabilization of the
p53 protein for its level to reach detectability by immunohistochem
istry (23).

The direct identification of mutations with molecular biology meth
ods can be performed with the PCR technology (24) and direct se
quencing. However, this approach is time consuming and error prone
specially when analyzing large or medium-sized coding sequences.
The recently developed PCR-SSCP technique (25) allows a simple

and quick detection of structural DNA aberrations including point
mutations. Although PCR-SSCP analysis is considered a very efficient

and sensitive method (8), in rare cases point mutations can escape
detection within a particular tumor DNA sequence. Generally this
reflects either an inability to separate the mutated strand from the
wild-type strand by gel electrophoresis (26) or the mutation is present

in only a very small proportion of cells within the tumor sample.
For all these reasons the use of a single technique may not be

sufficiently accurate to estimate Â¡>53abnormalities. This may be par
ticularly true considering a number of recent results indicating that in
different cancer cell lines p53 overexpression can occur in the absence
of missense mutations (23). In this study we used several independent
techniques in order to perform a comprehensive analysis of p53 al
terations in NSCLC and correlate them with established clinicopatho
logical prognostic factors. Our results indicate that p53 abnormalities
are extremely common in NSCLC and correlate with metastatic
spread in hilar and mediastinal lymph nodes.

MATERIALS AND METHODS

Patients. The tumors for this study were obtained from 53 consecutive
operable non-small cell lung cancers patients who underwent thoracic surgery

between January and September 1991. All patients received no previous treat
ment by chemotherapy, immunotherapy. or thoracic radiation. Preoperative
staging included a routine detailed history and physical examination, biochem
ical survey, chest radiography, bronchoscopy. CT of the chest and upper
abdomen, including the adrenal glands, and abdominal ultrasonograpy: preop
erative CT scan of the brain was not routinely performed. Cervical mediasti-

noscopy or anterior mediastinotomy was done when there was mediastinal
lymph node enlargement of >1.5 cm evident on CT of the thorax (27).
Following the results of the staging procedures, all patients underwent a
complete resection of their primary tumor. Resection was defined as complete
if in the surgeons' judgment all known disease was completely resected, the
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proximal resection margins were microscopically free of tumor, no known
microscopic intrathoracic disease remained, and the node or area proximal to

the most histologically involved node or area excised was microscopically free
of tumor: intraoperatively, a radical regional (intraparenchymal, intersegmen-

tal, or hilar) and mediastinal lymphadenectomy were routinely performed (28).
Tumor samples and the matching normal lung tissues were snap-frozen in
liquid nitrogen within 10 min of excision and stored at -80Â°C. Immediately

adjacent pieces of tumor tissue were processed for diagnostic histopathology.
Histological classification and differentiation were assessed by light micros
copy according to the World Health Organization criteria (29). Patient stage at
the time of diagnosis was based on the international staging system for lung

tumors (30).
Immunohistochemistry. Immunohistochemical detection was performed

using the anti-p5.i monoclonal antibodies PAb 1801 (Ab-2; Oncogene Science.

Manhasset, NY) at 200 ng/ml and PAb240 (Ab3, Oncogene Science), at 500
ng/ml. These antibodies recognize two independent denaturation resistant
epitopes on p53 protein from amino acids 32-79 (PAbl801 ) and 156-335 (PAb
240) (31, 32). Five-fun cryostat sections were air-dried, fixed in acetone for 10
min. washed in phosphate-buffered saline, and incubated overnight at 4Â°Cwith

monoclonal antibody supernatant. Immunohistochemical staining was per
formed using the avidin-biotin-peroxidase complex technique (Vectastain ABC
Kit. Vector Laboratories, Burlingame. CA) according to the manufacturer's

recommendation. Positive controls were two known positive cases of human
breast cancer. Negative controls were obtained by replacement of primary
antiserum with buffer. Only tumors which exhibited intense nuclear staining
throughout the malignant epithelium were categorized as overexpressing p53.

DNA Preparation and Southern Hybridization. Genomic DNA was ex
tracted from the tumors as described (33). Ten fig of DNA were digested with
the appropriate restriction enzyme and the resulting fragments were subjected
to electrophoresis in 0.8% agarose gels, transferred to Genetran 45 nylon
membranes (Fiasco. Wobum. MA), and baked for 2-3 h at 80Â°C.The mem
branes were prehybridized and then hybridized to random primer 12P-labeled

DNA probes. After the hybridization, the membranes were washed under
stringent conditions ( 15 imi NaCL/1.5 HIMsodium citrate. pH 7.5. at 65Â°Cfor

20 min) and autoradiographed. The DNA probe was the pYNZ22.1 (American
Type Culture Collection, Rockville, MD) located on chromosomal region
17pl3.3. This probe detects restriction fragments length polymorphism on both
Pstl and BcimHl digested human DNA. In our study BamHI restriction enzyme
(Boehringer Mannheim Biochemica. Mannheim. Germany) was used.

PCR Amplification and SSCP Analysis. The SSCP analysis (25) was
performed on PCR-amplified genomic DNA fragments to screen for point

mutation in exons 4 through 9 of the p53 gene. The technique was optimized
as indicated by Spinardi et al. (26). Routinely. 100 ng of genomic DNA were
used in a 10-/J.I PCR reaction containing 10 m.MTris-HCl (pH 8.3), 1.5 min
MgCl2, 50 niM KC1, 0.01% (w/v) gelatine, 1.25 m.Meach of four deoxynucle-

otide triphosphates (Boehringer Mannheim Biochemica), 1 JAMof each primer.
0.5 (Â¿1of [a-32P]dCTP (3000 Ci/mmol. Amersham, Arlington. IL) and 0.25

units of Taq DNA polymerase (Perkin-ElmerCetus, Norwalk, CT). Six couples
of specific Â¡ntronicprimers, the sequences of which were deduced from Chu-

makov et al. (34), were used:

Exon 4, sense: 5'-AGGACCTGGTCCTCTGACTG,
anti: 5'-CATTGAAGTCTCATGGAAGC;

Exon 5, sense: 5'-TGACTTTCAACTCTGTCTCCT,
anti: 5'-TCAGTGAGGAATCAGAGGCC;

Exon 6, sense: 5'-CTGGAGAGACGACAGGGCTG.
anti: 5'-CCAGAGACCCCAGTTGCAAAC;

Exon 7, sense: 5'-CTCGCGCACTGGCCTCATCTT,
ami: 5'-TCAGCGGCAAGCAGAGGCTG:

Exon 8, sense: 5'- GGACAGGTAGGACCTGATTTCCTTAC,
anti: 5'-TGCACCCTTGGTCTCCTCCAC;

Exon 9. sense: 5'-GGTGGAGGAGACCAAGGGTGCAGTT,
anti: 5'-CTGGAAACTTTCCACTTGAT.

The PCR reaction was programmed as follow: initial denaturation, 9' at 94Â°C;
amplification. 2' at 94Â°C.2' at 55Â°C.3' at 70Â°Cfor 30 cycles; elongation, 15'
at 72Â°C.After completion of the PCR reaction, the product was diluted 1:40 in

loading buffer (95% formamide-2 m.\i EDTA, pH 8.3). Two to 4 fil of the

diluted samples were denatured (5: at 90Â°C),immediately cooled on ice, and

loaded onto a nondenaturing 6% polyacrylamide gel. Electrophoresis was
carried out in the presence (at 20Â°C)or in the absence (at 4Â°C)of 10% glycerol

in the gel. Upon complete migration the gels were dried and subjected to
autoradiography against a Kodak XAR-5 film at -80Â°C with an intensifying

screen.
cDNA/PCR Amplification and Sequencing. Total RNA was isolated ac

cording to the method of Chomcynski and Sacchi (35). and cDNA was pre
pared using AMV reverse transcriptase (Boehringer Mannheim Biochemica).
The p53 open reading frame was PCR amplified using primers located outside
the p53 open reading frame (5'-GCTGACGGTGACACGCTTCCCTGG-3',
sense: and 5'-ATCAGTGGGGAACAAGAAGTGGAG-3', antisense). Direct

sequencing of p53 was carried out on the PCR products of a second round of
amplification with a combination of two heminested primers lying within the
open reading frame (S'-ATGCGAATTCCAACTGGCCAAGACCTGCCC-
TGTG-3', sense; and 5'-ATGCGAATTCAAAGCTGTTCCGTCCCAGT-
AGATT-3'. antisense) and the two original primers. This procedure yielded

two overlapping p53 cDNA/PCR fragments (860 and 813 base pairs) which
were separated by agarose gel, purified, and sequenced by the dideoxy chain
termination method, using the Sequenase 2.0 kit (United States Biochemical).

Flow Cytometric Analysis. DNA flow cytometry was performed on nu
clear suspensions prepared from formalin-fixed, paraffin-embedded tumor

samples. Briefly, for each tumor sample (paraffin block) 2 sections of 50 firn
were dewaxed in xylene, rehydrated through 90. 80, 70, and 50% ethanol,
washed twice in deionized water, and minced in 1 ml of 0.5% pepsin in 0.9%
NaCl (pH 1.5) at 37Â°Cfor 30 min. Samples were filtered through a 30-/im pore
sized polyester filters and stained for 30 min at 37Â°Cin a propidium iodide

staining solution (50 fig/ml of propidium iodide in phosphate-buffered saline,

pH 7.4. plus 1 mg/ml RNase); all chemicals were from Sigma (St. Louis. MO).
All samples were analyzed by a fluorescence-activated cell sorter scan flow-
cytometer (Becton-Dickinson, Mountain View, CA) coupled with a Hewlett-

Packard computer. At least 35,000 events were collected for each sample. The
determination of the proliferative fraction was performed by the method of
Dean (36).

Statistical Analysis. Contingency tables were used to examine the rela
tionship between aberrations of p53 and each of the following variables:
histology; metastatic involvement of lymph node; ploidy. Statistical associa
tion was determined by x2 analysis with Yates' continuity correction. A / test

was used to compare patients with altered p53 with respect to mean age at
diagnosis. A nonparametric (Mann-Witney) test was used to compare the

percentage of cells in S phase from tumors with normal or mutated p53. All
statistical analysis were performed by the StatView 512+ Softwaren (Brain
power).

RESULTS

Fifty-three non-small cell lung cancers were studied. The mean
patient age was 61 years (range, 48-76 years). The most common

histolÃ³gica! type (51%) was the epidermoid carcinoma, followed by
adenocarcinoma (28%), bronchiole-alveolar carcinoma (15%). and

anaplastic large cell carcinoma (6%). The international staging system
for lung tumors, based on the TNM parameters, was used to stage the
tumors; data are shown in Table 1. Most of the cancers (81 %) were T2
tumors. Seventeen cases (33%) showed metastatic involvement of
regional lymph nodes. Among these 11 were defined as N, (metastasis
in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes) and 6
as N2 (metastasis in ipsilateral mediastinal and/or subcarinal lymph
nodes). In two cases regional lymph nodes could not be assessed
(NX). None of the patients showed distant metastasis (M) at the time
of presentation. On the basis of these data, 30 patients (59%) were
classified at stage I, 11 (21%) at stage II, and 10 (20%) at stage III.

Immunohistochemical Analysis. Among the 53 primary lung car
cinomas (Table 1), 5 (9.4%) were not suitable for the immunohis-

tochemical study (noninformative) because of the presence of diffuse
areas of necrosis with nuclear pyknosis and karyolysis (ischemie
necrosis is a common event in lung cancers). All of these 5 tumors
showed a p53 mutation when examined by PCR-SSCP and 3 of them
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Table 1 ImmunoMstochemical and PCK-SSCP analysis of p53 alterations in NSCLC

and their correlation with TNM parameters

Tumor
sampleI245789II)11121314151617IX142l)21222324252627293031323536373839404l4243444546474849505153545657585960Immuno-

PCR-
staining"SSCPh++++

5++6â€¢H-f+

5++++

5â€¢H-f+NI

5 +8+
6NI
8+

6++++5NI

7++++++

6+NI

8+++++++

765++

65+++NI

5+++
8+++

85+++

66
+8++++â€¢H-f++++

5+++++

7++++P53

Alterations'AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAMÃ©tastasesN,N2N,N2N2N,N2N,N2N,NXN,N,N,N,N,N,N2NXPrimarylesionT,T2T2T2T2T,T,T2T,T:T2T2T2T2T2T,T2T.T.T2T,T:T2T2T2T2T2T2T2T2T2T2T2T2T2T2T,T2T,T2T,T2T2T2T2T2T2T2T,T2T3T2T)Stage1IIIIIIIIIIIIIIIIII1IIIIIII1IIIIIIIIIIIII1IIIIIIIII11111IIIIIIIIIIIIIIIIIIIIIIIIII

0.08). No correlation was observed between p53 overexpression and
age, histological type, ploidy. and proliferative index.

PCR-SSCP and Sequence Analysis. The PCR-SSCP analysis was
performed on tumor-derived genomic DNA to cover exons 4 through

9. This region of p53 harbors more than 95% of the point mutations
so far described in NSCLC (17). Individual exons were amplified
using intronic primers in order to yield fragments with nucleotide
lengths of 359, 290, 184, 209, 237, and 186 for exon 4, 5, 6, 7, 8, and
9, respectively. The SSCP analysis of these fragments showed bands
with mobility shift (Fig. 2), indicating a structural aberration of the
p53 gene, in 25 (47%) of the 53 tumors examined. Tumors 19 and 51
exhibited a double mutation of the p53 gene in exon 5, 8 and 6, 8,
respectively. These two tumors did not show alÃeleloss when exam
ined by PCR-SSCP or restriction fragments length polymorphism

analysis suggesting that two independent mutations have inactivated
both p53 alÃeles.However, these results do not exclude the possibility
that both mutations are located on the same alÃele.The nature and
allelic location of this two double aberrations are currently under
investigation. Ten (37%) of the 27 mutations were detected in exon 5,
8 (30%) in exon 6, 6 (22%) in exon 8 and 3 (11%) in exon 7. We did
not observe mutations in exon 4 and 9. To exclude the possibility that
a shift in the electrophoretic mobility of the p53 fragments was due to
the presence of a polymorphism (37) or a germ line mutation, the
SSCP analysis was performed in all cases using matching normal and
tumor DNA from the same patient. No mutations or known polymor
phisms were found in normal lung samples. As reported in Table 1, 10
tumors showed a diffuse and strongly positive immunostaining, in the
absence of a SSCP abnormality. In order to exclude the possibility of

" Percentage of immunoreactive cells; +,
75-1009E-. NI, noninformative.

h Numbers, p53 exons harboring the mutation.
* A, alteration of p53.

++, 15^t9%; +++. 50-74%; ++++,

were metastatic. Monoclonal antibodies PAb 1801 and PAb 240 gave
similar results: 28 (58%) of the 48 informative samples were scored
positive. The immunostaining was nuclear in all instances with vari
able weak cytoplasmic reaction. We never observed p53 expression in
nonneoplastic epithelial, stromal, or inflammatory cells. Most of the
tumors positive for p53 (17 of 28; 61%) exhibited a diffuse, intense
nuclear staining in the majority (50-100%) of the neoplastic cells

(Fig. \A). Four out of 7 tumors with less than 15% of the neoplastic
cells having nuclear staining (Fig. IÃŸ)were later found to be negative
for/75.? mutation by PCR-SSCP analysis. Although a trend indicating

an association between a lymph node metastatic involvement and
positive p53 immunostaining was evident (11 of 14 informative tu
mors with lymph node metastasis overexpressed p53) the data were
not significant (P = 0.13). Similarly an apparent association was
found between p53 overexpression and advanced clinical stages (P =

Â»â€¢

Fig. 1. Immunohtstochemical staining for the p53 protein in two non-small i
carcinomas with a high (A) and low (ÃŸ)frequency of positive tumor cells.
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Fig. 2. PCR-SSCP analysis of exons 5-8 of the
p53 gene in NSCLC samples. Arrows, bands with
mobility shift.
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mutations not recognized by the SSCP assay, we decided to directly
sequence the entire p53 cDNA in these 10 tumors. Also this exhaust
ing analysis failed to demonstrate mutations in the coding region of
the p53 gene. A slightly higher percentage of metastatic tumors ( 10 of
17; 59%) showed a p53 aberration when examined by PCR-SSCP

analysis, but again the difference with respect to nonmetastatic tumors
was not statistically significant. No correlations were present between
Â¡)53mutations investigated by PCR-SSCP and the other clinicopatho-

logical parameters examined.
AlÃeleLoss on Chromosome 17pl3.3. Genomic DNA from lung

tumor samples and from the matching normal lung tissues from the
same patients were subjected to Southern blot analysis for LOH using
probe pYNZ22.1 which identifies a multiallele VNTR locus on chro
mosome region 17pl3.3. Forty-five (85%) of the 53 patients analyzed
were constitutionally heterozygous (informative) at this locus. Fifty-

one % of the informative tumors showed a large difference in band
intensity of one of the two alÃelesindicating a reduction to hemizy-

gosity (Fig. 3). No homozygous losses of the pYNZ22.1 locus were
observed in the tumor DNAs tested. A strong correlation (P = 0.0015)

was observed between alleile deletions on chromosome 17pl3.3 and
p53 mutations detected by PCR-SSCP analysis: 16 of the 20 tumors

with LOH at the pYNZ22.1 locus had a structural aberration of the
remaining p53 alÃele(Table 2).

N T N T N

26 37 57
Fig. 3. Loss of constitutional heterozygosity on chromosome 17pl3.3 in three non-

small cell lung carcinomas. DNA samples from normal </V)and tumor (T) tissues were
digested with Bam\\\ and hybridized to the pYNZ22.1 probe.

Table 2 Correlation between mutations of the p53 gene and deletions on
chromosome 17pl3

p53 mutations

Deletions"LOHNormalTotalPositive16420Negative71825Total232245

"/) = 0.0015 by x2 analysis.

Correlation of p53 Abnormalities with Clinicopathological Fea
tures. Forty of the 53 (75%) tumors examined showed a p53 alter
ation detected by PCR-SSCP or immunohistochemical analysis (Table

1). Table 3 reports the correlation between p53 aberrations and several
Clinicopathological parameters. All of the 13 tumors which were p53
negative with both methods were not metastatic; on the other hand, all
of the 17 tumors with metastatic involvement of thoracic lymph nodes
showed a p53 alteration when examined by PCR-SSCP or immuno
histochemical analysis. This data was significant (x2 = 8.72; P <
0.01 after Yates' correction). It is interesting to note that among the 6

early stage tumors, classified as T, (less than 3 cm in the greatest
dimension), only the 3 tumors with altered p53 show a metastatic
spread in hilar/mediastinal lymph nodes. The distribution of stages
for those patients with tumors showing a p53 alteration was signifi
cantly different from those with tumors having a normal p53
(X2 = 8.35; P = 0.015). In advanced stages (II and III) of disease all

except 1 (95%) of the 21 tumors showed p53 alterations, whereas 40%
of tumors from stage I patients werep53 negative. No association was
observed between aberrations of p53 and age, histolÃ³gica! type,
ploidy, and proliferative index.

DISCUSSION

Different technical approaches have been used to investigate the
frequency of p53 aberrations in NSCLC. Caamano et al. (7) using an
immunohistochemical technique with monoclonal antibodies PAb
1801 and PAb 421 found overexpression of p53 in 50% of NSCLC. A
similar incidence (43%) was recently reported by Quinnlan (16) using
only the pAblSOl. Chiba et al. (6) described that in 45% of NSCLC,
p53 mutations were detected by RNase protection and cDNA sequenc
ing. By a PCR-SSCP assay Kishimoto et al. (17) showed p53 aber

rations in 52% of NSCLC, whereas a much higher incidence (74%)
was found by Mitsudomi et al. (8) in NSCLC cell lines. In order to
obtain an accurate estimation of the incidence of p53 alterations in
NSCLC we decided to carry out a comprehensive analysis using
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Table 3 Relaliomilip between p53 alteration ami ciinienriatolo^icut parameters
in NSCLC

ParametersAverage

age at diagnosis(yr)Histologieal

type
Squamous
AdenocarcinomaBronchiolo-alveolar
carcinomaLarge

cellcarcinomaNodal

involvement*MetastasisFree

fromtumorStaging'1

1IIIIIPloidy*Euploid

AneuploidAverage

proliferatile index (%)'/>5.?

positive61.7

+6.920

1262172118|]910

3022.7

Â±10p53

negative61.7

Â±7.87

32101312012

924.1

Â±12.6p

value"NSNS(>.(X)90.015NSNS

" NS, nonsignificant.
'*Two cases were not informative.
' Seventeen cases were not informative.

genetic and immunohistochemical techniques. We expected a high
degree of concordance between SSCPand immunohistochemical data.
To our surprise the concordance was only 54%. Seven cases were
positive by SSCP but stained negative for p53. These cases can be
explained considering that particular mutants have been described that
would result in absence of p53 staining (22). More intriguing was the
fact that in a total of 15 cases a positive immunostaining was observed
in the absence of a SSCP abnormality. Of these 15 cases, however, 5
cases showed a very low fraction of positive cells, possibly too low for
detection by SSCP. On the remaining 10 tumors, the immunostaining
was strong and diffuse (between 50 and 100% of the neoplastic cells
were positive) while the SSCP assay repeated in different electro-

phoretic conditions and the sequence analysis failed to show structural
aberrations of the p53 gene. Considering that we never found p53
overexpression in normal cells and that immediately adjacent tumor
samples were processed for DNA extraction and immunohistochem-

istry, the nuclear accumulation of p53 in these 10 tumors may be
acquired by alternative means, besides the presence of a missense
mutation. For instance, the overexpression of a p53 binding protein,
such as mdm-2 (38), might sequester the p53 protein from its normal

degradation pathway and results in higher levels of inactive p53 in the
cell. In fact, the mdm-2 gene was found to be amplified in human
sarcomas (39). It would be interesting to correlate the status of mdm-2

gene with overexpression of p53 in a series of NSCLC. Our results
indicate that p53 alterations (structural abnormalities of the gene
and/or overexpression of the protein) are extremely frequent (75%) in
primary resected NSCLC, by far the most frequent molecular changes
occurring in this type of tumor. Amplifications of the myc, ras, and
erhB protooncogenes families (40-42), point mutations of the ras

gene family (43, 44), expression of neu (45), inactivation of the
retinoblastoma gene (46-48), and deletions of the short arm of chro

mosome 3 (49) have been reported, but none of these changes oc
curred in more than 44% of primary NSCLC.

The search for a potential prognostic role of p53 aberrations in
human cancer was the main goal of several studies. Associations were
found between p53 abnormalities and poor prognosis or tumor pro
gression in different human malignancies (50-54). Most of the studies

on p53 alterations in NSCLC failed to find any correlation with known
prognostic factors (7, 8, 17). In this report we did not observe any
significant correlation between p53 abnormalities detected by immu-

nohistochemistry or PCR-SSCP alone and the several clinicopatho-

logical parameters examined. However, by cumulating the results of
the immunohistochemical and PCR-SSCP analysis, we found a sig
nificant association between p53 aberrations (mutations and/or over-

expression) and metastatic involvement of hilar/mediastinal lymph
nodes: all of the metastatic tumors showed p53 alterations when
investigated with PCR-SSCP and immunohistochemislry. Since none

of the tumors which were p53 negative with both techniques had a
metastatic lymph node involvement, the SSCP-immunohistochemical

analysis seems to be a useful method of screening for the presence of
tumors with a lower tendency to metastasize. A statistically significant
association between p53 abnormalities and advanced stages of the
disease was also observed: all but one of the tumors (95%) from
patients with advanced stages (II/III) were positive for p53 alteration.
However, since most of the patients (60%) with stage I disease had
/:>5.i-positive tumors, we can speculate that despite the increasing

frequency of p53 alteration with later stages of NSCLC, p53 activa
tion may be a rather early event that confers a particularly aggressive
tumor phenotype. A similar analysis of premalignant lesion, lung
carcinomas, and local recurrences of p53 negative tumors would help
in understanding the role of p53 in tumor progression. A number of
other clinicopathological parameters were examined for possible cor-

relation(s) with p53 alterations. No association was found between the
latter and age of patients, histolÃ³gica! type, ploidy. and proliferative
index. A survival analysis could not be performed since the follow-up

period was too short to draw conclusions.
According to the Knudson's (55) hypothesis, inactivation (dele

tions) of both alÃelesof the p53 gene is required for full oncogenesis.
In this report LOH at the chromosomal region 17pl3.3, near the p53
locus, were observed in 16 of 20 informative tumors with structural
aberrations of the p53 gene. In addition, in two cases without LOH
two mutation were present, presumably in both alÃeles.The highly
significant correlation (P < 0.0015) between p53 mutations and de
letions on chromosome I7p, detected by the pYNZ22.1 probe, suggest
that a common molecular mechanism may be operating during
NSCLC progression. However, 4 of the 20 (20%) tumors with p53
mutations did not show deletion when investigated with the
pYNZ22.1 probe. Considering that pYNZ22.l probe and p53 are
located at a certain distance on the short arm of chromosome 17, we
can postulate two possible explanations: (Â«)a deletion of p53 may
have occurred which did not extend to pYNZ22.1 : and (b) a particular
p53 mutation (dominant loss of function) of a single alÃelemay be
sufficient for transformation: further investigations using additional
chromosome 17 markers are necessary to clarify this point.

In conclusion our data indicate that the use of genetic and immu
nohistochemical techniques is required to obtain an accurate estima
tion of p53 abnormalities in NSCLC. Taken in a broad sense p53
alterations (mutations and or overexpression) are by far the most
common molecular changes so far detected in NSCLC and correlate
with the spread of tumor into hilar and mediastinal lymph nodes.
Since the latter are well established prognostic factors for NSCLC,
p53 alterations may also be a useful predictor of tumor aggressive
ness.
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