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Deletions of 17p and p53 Mutations in Preneoplastic Lesions of the Lung!

Gabriella Sozzi,2 Monica Miozzo, Rosangela Donghi, Silvana Pilotti, Claudia T. Cariani, Ugo Pastorino,

Giuseppe Della Porta, and Marco A. Pierotti

Divisions of Experimental Oncology A [G. S., M. M., R. D, C. T. C,, G. D. P., M. A. P.], Anatomical Pathology and Cytology [S. P.], and Chest Surgery [U. P.],

Istituto Nazionale Tumori, Via G. Venezian 1, 20133 Milano, Italy

ABSTRACT

Cytogenetic and p53 mutation analysis in two cases of severe dyspla-
sia of the bronchial epithelium in lung cancer patients and p53 immuno-
staining in a third one are reported. The finding of both chromosomal
deletions of 17p and p53 mutation indicates that these changes may take
place early in the process of lung carcinogenesis.

INTRODUCTION

Multiple genetic lesions either activating dominant onco-
genes or inactivating tumor suppressor genes have been de-
scribed in human lung tumors. Dominant oncogene activation
includes K-ras mutation in adenocarcinomas, deregulation of
all the myc gene family members mainly in small cell lung
cancer, and of growth factor receptor genes in non-small cell
lung cancer (1-3). The involvement of known or presumed
tumor suppressor genes has been suggested by the presence of
recurrent chromosomal deletions or losses and confirmed by
restriction fragment length polymorphism analyses showing
loss of heterozygosity for specific loci on chromosomes 3p, 9p,
11p, 13q (RB gene) and 17p (TP53 gene) (1-3).

In lung cancer, as in many other human cancers, inactivation
of the p53 gene has been shown to occur by loss of one copy of
the gene and mutations in the remaining allele (4, 5). A crucial
role of this change is underscored by the finding that p53 mu-
tation is one of the most common genetic defect in lung cancer,
being present in about 50% of non-small cell lung cancer and
75% of small cell lung cancer (4-6), and wild-type p53 sup-
presses the growth of human lung cancer cell lines bearing other
multiple genetic lesions (7).

Little is known about the timing of genetic changes during
lung carcinogenesis, since preneoplastic lesions of the bronchial
epithelium have rarely been analyzed (8). Nevertheless, since
the bronchial epithelial cells are widely exposed to environmen-
tal carcinogens, early genetic lesions, eventually resulting in an
altered cellular morphology, are likely to occur in the bronchial
mucosa.

In a previous study we have shown that recurrent cytogenetic
abnormalities and overexpression of growth factor receptors
occur in both lung tumor cells and in histologically normal
bronchial epithelium (9). These findings indicated that early
genetic lesions may be present in normal appearing bronchial
mucosa and that the progression toward full tumorigenicity
would then be acquired through accumulation of further genetic
defects.

In an attempt to define the type and temporal sequence of
somatic genetic changes that precede the onset of the invasive
phase of lung cancer, we have performed a cytogenetic study
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and p53 mutation analysis in two cases of severe dysplasia of
bronchial mucosa adjacent to lung cancer. In addition, a case of
carcinoma in situ was analyzed by p53 immunostaining.

MATERIALS AND METHODS

Lung tumor samples were obtained at surgery from three previously
untreated patients. Bronchial dysplastic mucosa specimens were taken
at resection margins in two cases and adjacent to the tumor sample in
a third one. One-half of the samples were immediately frozen and the
histopathological diagnosis was done on hematoxylin-eosin stained fro-
zen sections. The remaining part of the sample was processed for the
establishment of cell culture. Small bronchial explants were obtained by
accurate mechanical digestion of the specimens containing representa-
tive areas of dysplasia, and were grown in Petri dishes with the use of a
modified culture RPMI 1640 medium supplemented with 5% fetal calf
serum (Flow Laboratories, Irvine, Scotland), penicillin (200 units/ml),
streptomycin (200 xg/ml), transferrin (10 ug/ml), hydrocortisone (0.5
ug/ml), epidermal growth factor (5 ng/ml) (Sigma Chemical Co., St.
Louis, MO), and insulin (5 xg/ml) (Sigma).

Harvest of the primary cultures was performed after 8-10 days of
culture according to the method of Gibas et al. (10). G-banding was
achieved by Wright’s stain after trypsin denaturation. Chromosome
abnormalities were described, following the International System for
Human Cytogenetic Nomenclature (11).

Immunocytochemical staining of the p53 protein on frozen sections
was carried out by avidin-biotin complex technique with silver-diami-
nobenzidine enhancement according to the method of Frigo et al. (12),
using the monoclonal antibody PAb240, raised against mutant forms of
P53 (13) at the dilution of 1:1000. On paraffin-embedded sections im-
munocytochemistry was performed by using the polyclonal antiserum
CM-1 against wild-type human p53 (Novocastra Laboratory, Newcas-
tle, England), using a modification (14) of the method described by Shi
et al. (15).

The tumor DNA was extracted from a frozen surgical specimen using
conventional methods (16). Previously identified dysplastic areas on
stained sections were microdissected from parallel 5-um frozen sections
and collected in microfuge tubes, at which time conventional DNA
extraction was performed. Oligonucleotide sequence and single strand
conformational polymorphism procedures are described by Gaidano et
al. (17). Gel-purified polymerase chain reaction products were se-
quenced directly by using 5'-32P-labeled primers and AmpliTaq poly-
merase as described by Murray (18).

RESULTS

The histological diagnosis of the tumor samples of all three
cases was of invasive squamous cell carcinoma of the lung,
whereas the analysis of the adjacent bronchial mucosa revealed
areas of moderate and severe dysplasia in two cases (Figs. 1 and
2) and of carcinoma in situ in the third one.

The primary cultures from the bronchial dysplasia samples of
Patients 1 and 2 showed typical epithelial growth without evi-
dent fibroblast contamination.

The cytogenetic analysis of Case 1 showed a pseudodiploid
karyotype with del(17)(p13) as a single chromosomal abnor-
mality in eight cells analyzed (Fig. 3). In Case 2 the 10 cells
analyzed showed del(17)(p13) (Fig. 3) and an extranumerary
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DELETIONS OF 17p AND p53 MUTATIONS IN BRONCHIAL DYSPLASIA

Fig. 1. Immunocytochemistry of p53 in
Case 1. a, normal bronchial mucosa; b, area of
moderate, and c, severe dysplasia showing a
progressively higher proportion of nuclei im-
munoreactive with the antibody CM-1; 4, the
invasive component of the tumor shows nu-
merous nuclei immunostained with the same
antibody.

Fig. 2. Immunocytochemistry of p53 in Case 2. a, p53 immunostain of a
section of the bronchial epithelium showing severe dysplasia which reveals nu-
clear staining with the antibody PAb240; b, a high power field of a selected area;
¢, invasive component of the tumor in which the majority of the nuclei are
immunoreactive for p53 with the same antibody; d, a high power field showing
that the immunoreactivity is confined to the nuclei.
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marker chromosome of unidentified origin. In both cases a
clone with a normal 46,XY karyotype was present. No consti-
tutional chromosomal abnormalities were observed in the pe-
ripheral blood lymphocytes of the two patients.

p53 immunostaining of sections from the tumor specimens of
the three patients displayed positivity in the majority of nuclei,
using the antibody PAb240, which specifically detects the con-
formationally altered mutant p53 protein, and the polyclonal
antiserum CM-1, directed at wild-type forms of p53 (Fig. 1d
and Fig. 2, ¢ and qd).

With the same antibodies, sections of dysplasia and of carci-
noma in situ showed a high number of immunoreactive nuclei.
As shown in Figs. 1 and 2, immunoreactive nuclei were more
numerous in the areas of severe dysplasia then in those with
moderate dysplasia, whereas the normal bronchial mucosa did
not show any staining.

In addition, DNA of the tumor and the dysplastic areas from
Case 2 was analyzed for the presence of p53 mutations in exons
5, 6, 7, 8, and 9. The single strand conformational polymor-
phism analysis revealed the presence of a mutated exon 5 in
both tumor and dysplasia as indicated by the presence of ab-
normal bands with shifted electrophoretic mobility (Fig. 4a). In
peripheral blood lymphocytes of the same patient, only the
wild-type configuration of the same exon was detected (data not
shown). The DNA sequencing reaction of the PCR amplified
exon 5 showed the same point mutation at codon 161 in both
tumor and dysplasia (Fig. 45).

CASES
1 2

" \
3 ' R

Fig. 3. Pairs of chromosomes 17 from Case 1 (left) and Case 2 (right). Arrows
indicate the del(17)(p13).
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Fig. 4. a, single strand conformational poly-
morphism analysis of pS3 exon 5 from tumor
(7) and dysplasia (D) DNA of Case 1. », ab-
normal bands with shifted mobility, >, wild-
type bands; b, DNA sequencing reactions by
polymerase chain reaction-amplified exon §
fragments from tumor (7) and dysplasia (D)
DNA of Case 1. The codon at which the mu-
tation occurs is indicated. Arrows show the
bands corresponding to the mutated base pair.

DISCUSSION

Dysplasia of the bronchial epithelium is considered a prema-
lignant change that may evolve into lung cancer. The recogni-
tion of the genetic changes associated with dysplasia would be
helpful in clarifying the pathway of neoplastic development of
bronchial tumors.

We report here that in contrast to the cytogenetic and mo-
lecular complexity of the invasive tumors of the lung, bronchial
dysplasia showed limited but nevertheless clonal and specific
changes at both levels. In fact, in two cases we found near-
diploid karyotypes with a recurrent deletion of 17p involving
the band where the p53 gene is localized, whereas immunocy-
tochemistry showed an increased amount of p53 protein in all
three cases. In addition, in one of the two cases with dysplasia
the same p53 missense point mutation was also found in the
adjacent invasive carcinoma. This constitutes the first report of
a combined cytogenetic, immunocytochemical, and molecular
evidence of p53 loss and mutation in premalignant lesions of
the bronchial epithelium.

To our knowledge, only two other studies have investigated
this issue. In a survey of archival material of radon-associated
lung cancer patients, Vahikangas et al. (8) reported immuno-
cytochemical and molecular evidence of p53 mutation in pre-
invasive, microinvasive, and invasive lesions of one patient.
Rabbitts et al. (19) recently found allelic losses at various loci on
chromosome 3p and loss of one allele of the p53 gene, as well
as p53 mutations in preinvasive lesions of the bronchus.

While there is evidence that in several human tumors such as
colon (20), ovarian (21) and thyroid cancer (22),3 the inactiva-
tion of p53 gene is a late event associated with tumor progres-
sion, the present findings strongly suggest that this change may
take place early in the dysplastic lesions of the bronchial mu-
cosa.

Nevertheless, our previous (9) and unpublished findings of
several clonal rearrangements in the normal bronchial mucosa,
particularly those affecting chromosomes such as 3p, 7, and

3 R. Donghi, A. Longoni, S. Pilotti, P. Michieli, G. Della Porta, and M. A.
Pierotti. pS3 mutations are restricted to poorly differentiated and undifferentiated
carcinomas of the thyroid gland, submitted for publication.
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11p, suggest that the genetic damage might affect other known
or putative tumor suppressor genes. In any event, a selective
alteration of the p53 gene on chromosome 17 is likely to lead to
a clonal expansion and, through accumulation of further ge-
netic hits, to transition to the malignant phenotype. The recent
observation (7) that the reintroduction of the wild-type p53
gene suppressed the growth of human lung cancer cell lines
bearing other multiple genetic lesions seems to indicate that in
spite of the numerous genetic changes observed in lung cancer,
p53 inactivation represents a crucial step in lung carcinogenesis.

Altogether, these data provide convincing evidence that so-
matic genetic alterations may occur in early stages of lung
tumorigenesis, raising the possibility that cytogenetic and mo-
lecular analyses will be useful in the early diagnosis of precan-
cerous lesions of the bronchial mucosa.

ACKNOWLEDGMENTS

The authors wish to thank Professor Franco Rilke for the critical
review of the manuscript. The assistance of Mario Azzini and Giovanna
Raineri is also acknowledged.

REFERENCES

1. Minna, J. D., Battey, J. F., Brooks, B. J., et al. Molecular genetic analysis
reveals chromosomal alterations, gene amplification, and autocrine growth
factor production in the pathogenesis of human lung cancer. Cold Spring
Harbor Symp. Quant. Biol., 51: 843-853, 1986.

2. Minna, J. D., Schutte, J., Viallet, J., Thomas, F., Kaye, F. J., Takahashi, T.,
Nau, M., Whang-Peng, J., Birrer, M., and Gazdar, A. F. Transcription fac-
tors and recessive oncogenes in the pathogenesis of human lung cancer. Int.
J. Cancer, 4: 32-34, 1989.

3. Birrer, M. J., and Brown, P. H. Application of molecular genetics to the early
diagnosis and screening of lung cancer. Cancer Res., 52 (Suppl.): 2658s~
2664s, 1992.

4. Takahashi, T., Nau, M. M., Chiba, 1., et al. p53: a frequent target for genetic
abnormalities in lung cancer. Science (Washington DC), 246: 491-494, 1989.

5. Iggo, R., Gatter, K., Bartek, J., Lane, D., and Harris, A. L. Increased expres-
sion of mutant forms of p53 oncogene in primary lung cancer. Lancet, 335:
675-679, 1990.

6. Chiba, 1., Takahashi, T., Nau, M., D'Amico, D., Curiel, D., Mitsudomi, T. D.
B., Carbone, D., Piantadosi, S., Koga, H., Reissmann, P., Slamon, D.,
Holmes, E., and Minna, J. Mutations in the p53 gene are frequent in primary,
resected non-small cell lung cancer. Oncogene, 5: 1603-1610, 1990.

7. Takahashi, T., Carbone, D., Takahashi, T., Nau, M. M., Hida, T., Linnoila,
1., Ueda, R., and Minna, J. D. Wild-type but not mutant p53 suppresses the
growth of human lung cancer cells bearing multiple genetic lesions. Cancer

6081

220z isnbny p1 uo ysanb Aq ypd'6.0912025040/v2.8Y¥2/6.09/12/2S/Pd-al0me/sa1180uUEd/B10°S[euInolioee)/:d)y woly papeojumoq



10.
11.
12

13.

14,

15.

DELETIONS OF 17p AND p53 MUTATIONS IN BRONCHIAL DYSPLASIA

Res., 52: 2340-2343, 1992.

. Viahakangas, K. H., Samet, J. M., Metcalf, R. A., Welsh, J. A., Bennett, W.

P., Lane, D. P., and Harris, C. C. Mutations of p53 and ras genes in radon-
associated lung cancer from uranium miners. Lancet, 339: 576-580, 1992.

. Sozzi, G., Miozzo, M., Tagliabue, E., Calderone, C., Lombardi, L., Pilotti,

S., Pastorino, U., Pierotti, M. A., and Della Porta, G. Cytogenetic abnor-
malities and overexpression of receptors for growth factors in normal bron-
chial epithelium and tumor samples of lung cancer patients. Cancer Res., 51:
400-404, 1991.

Gibas, L. M., Gibas, Z., and Sandberg, A. A. Technical aspects of cytogenetic
analysis of human solid tumors. Karyogram, 10: 25-27, 1984.

ISCN. An International System for Human Cytogenetic Nomenclature. Birth
Defects Orig. Artic. Ser., 21: 1, 1985.

Frigo, B., Scopsi, L., Patriarca, C., and Rilke, F. Silver enhancement of
nickel-diaminobenzidine as applied to single and double immunoperoxidase
staining. Biotech. Histochem., 1: 159, 1991.

Gannon, J. V., Greaves, R., Iggo, R., and Lane, D. P. Activating mutations
in p53 produce a common conformational effect. A monoclonal antibody
specific of the mutant form. EMBO J., 9: 1595-1601, 1990.

Gerdes, J., Becker, M. H. G., Key, G., and Cattoretti, G. Inmunohistological
detection of tumor growth fraction (Ki-67 antigen) in formalin-fixed and
routinely processed tissues. J. Pathol., in press, 1992.

Shi, S-R., Key, M. E,, and Kalra, K. L. Antigen retrieval in formalin-fixed,
paraffin-embedded tissues: an enhancement method for immunocytochemi-
cal staining based on microwave oven heating of tissue sections. J. His-
tochem. Cytochem., 39: 741-748, 1991.

16

17.

18.
19.

20.

21.
22

6082

. Molecular Cloning. A Laboratory Manual. J. Sambrook, E. F. Fritsch, and T.
Maniatis (eds.), Ed. 2, Vol. 9, pp. 16-17. New York: Cold Spring Harbor
Laboratory Press, 1989.

Gaidano, G., Ballerini, P., Gong, J. Z., Inghirami, G., Neri, A., Newcomb, E.
W., Magrath, I. T., Knowles, D. M., and Dalla-Favera, R. p53 mutations in
human lymphoid malignancies: association with Burkitt lymphoma and
chronic lymphocytic leukemia. Proc. Natl. Acad. Sci. USA, 88: 5413-5417,
1991.

Murray, V. Improved double-stranded DNA sequencing using the linear
polymerase chain reaction. Nucleic Acids Res., /7: 8889, 1989.

Rabbitts, P. H., Sundaresan, V., Ganly, P. S., Hasleton, P., Rudd, R. M., and
Sinha, G. Application of PCR-RFLP analysis to allele loss studies in small
biopsies of lung tumors and preinvasive lesions of the lung. Third European
Workshop on Cytogenetics and Molecular Genetics of Human Solid Tumors.
Porto, April 26-29, 1992.

Vogelstein, B., Fearon, E. R., Hamilton, S. R., Kern, S. E., Preisinger, A. C.,
Leppert, M., Nakamura, Y., White, R., Smits, A. M. M., and Bos, J. L.
Genetic alterations during colorectal-tumor development. N. Engl. J. Med.,
319: 525-532, 1988.

Mazars, R., Pujol, P., Maudelonde, T., Jeanteur, P., and Theillet, C. p53
mutations in ovarian cancer: a late event? Oncogene, 6: 1685-1690, 1991.
Ito, T., Seyama, T., Mizuno, T., Tsuyama, N., Hayashi, T., Hayashi, Y.,
Dohi, K., Nakamura, N., and Akiyama, M. Unique association of p53 mu-
tations with undifferentiated but not with differentiated carcinomas of the
thyroid gland. Cancer Res., 52: 1369-1371, 1992.

220z isnbny p1 uo ysanb Aq ypd'6.0912025040/v2.8Y¥2/6.09/12/2S/Pd-al0me/sa1180uUEd/B10°S[euInolioee)/:d)y woly papeojumoq





