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ABSTRACT

Patients with primary head and neck malignancies have a 3-7% yearly

incidence of second primary cancers. It is thought that these second pri
mary cancers arise independently following exposure to a common car
cinogen by a process that has been called field cancerization. Since mu
tations in the p53 tumor suppressor gene represent a genetic alteration
occurring during the evolution of premalignant lesions to malignancies of
the upper aerodigestive tract, we analyzed mutations in the p53 gene of
patients with cancer of the head and neck who developed second primary
tumors of the upper aerodigestive tract epithelium to test the field can
cerization hypothesis.

DNA was extracted from primary head and neck cancers and second
primary cancers of 31 patients. DNA from exons 5â€”8of the p53 gene was

analyzed by the single strand conformation polymorphism technique to
identify the locations of the mutations in different regions of the gene.
DNA from 6 patients was also sequenced by the chain termination method
to confirm the presence of mutations and determine the base substitutions.
Twenty-one of the 31 patients had 1 or morep53 mutations. In all 21 cases

the genetic lesions were discordant such that the presence or location of
the mutations in the initial primary cancer differed from those of the
second and third primary cancers. In each of the live patients with mu
tations in both primary tumors, the mutations occurred in different re
gions of the p53 gene. Of the other 16 patients, 8 had a p53 mutation in the
first primary but not the subsequent primary cancer and the other 8 had
no mutation in the initial primary but did have a mutation in subsequent
primary cancers. Sequencing confirmed the single strand conformation
polymorphism analysis and showed that 73% of the mutations were tran
sitions.

The discordant p53 mutations in second primary cancers arising in
patients with primary epithelial cancer of the upper aerodigestive tract
suggest that these cancers arise as independent events. These observations
provide the first demonstration of a molecular basis for field cancerization
effects in cancers of the upper aerodigestive tract.

INTRODUCTION

Patients who have had a primary epithelial cancer of the upper
aerodigestive tract and lungs have a higher than normal risk of de
veloping a simultaneous or subsequent second primary cancer (1-3).

Slaughter et al. (4) hypothesized that the entire epithelial surface of
the upper aerodigestive tract shares a common carcinogen exposure
and increased risk of cancer development. They postulated that epi
thelial cancers could arise independently as separate primary cancers
following prolonged carcinogen exposure, and they called this effect
field cancerization. Such field effects have also been proposed for
breast and colorectal cancer. This hypothesis is testable in that it
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predicts that, if a common carcinogen is involved, second primary
cancers would arise from similar but independent events. The purpose
of this study was to test the field cancerization hypothesis at the
molecular level by identifying mutations in the p53 tumor suppressor
gene in primary cancers of the head and neck and second primary
cancers arising in the same patient.

A molecular marker that will indicate whether the origin of a tumor
was independent must have several characteristics. The marker should
be associated with the development of the cancer. Alterations in the
marker, such as mutations, should occur prior to or at the time of the
development of invasive cancer. Finally, these mutations should be
clonally preserved. The p53 gene fulfills these criteria for the three
most common primary and second primary cancers of the aerodiges
tive tract: head and neck; lung; and esophagus. Many studies have
shown that inactivation of p53 by mutation or deletion results in cell
transformation (5-7). Mutations in the p53 gene occur prior to the

development of invasive upper aerodigestive tract cancers and are
detected frequently in fresh tumor specimens (5, 8-25). These muta

tions are frequently found in premalignant lesions of the aerodigestive
tract and have been detected in early stage cancers of the head and
neck (as shown in this study), lung, and esophagus (16, 22-28). The

incidence of these mutations does not increase with advancing stage of
disease, as would be expected if p53 mutations were associated with
cancer progression (10, 20, 24). Mutations of the p53 gene show
clonal fidelity for recurrent cancers and mÃ©tastases,as confirmed in
this study, for head and neck cancers, and for other tumor types,
including lung (29-31). Differences in p53 mutations of the primary

and second primary cancers would provide evidence of independent
origin for these multifocal tumors.

The appearance of a second primary cancer often presents a diag
nostic and therapeutic dilemma for the clinician. Pathological criteria
now in use for diagnosing second primary cancers are based on
differences in histolÃ³gica! type and clinical characteristics (32). Be
cause many carcinomas of the upper aerodigestive tract are of similar
histological types, it may not be possible to distinguish among local
recurrences, mÃ©tastases,and second primary cancers with precision.
The yearly incidence of second primary cancer is 3-7% for patients

with primary head and neck cancers; cancers of the lung and esoph
agus, which have high mortality rates, may represent a high proportion
of second primary cancers. If that were the case, second primary
cancers would have an adverse impact on overall survival (1-3, 33,

34). Indeed, a reduction in survival by as much as 18% at 8 years was
attributed to second primary cancers in one series (2). Therefore, it
would be useful to improve our understanding of the molecular basis
for the development of second primary cancers, since identification of
molecular lesions and their pattern of occurrence may enable more
precise diagnosis of second primary cancers and lead to the develop
ment of more rational preventive and therapeutic approaches.

The p53 tumor suppressor gene has the highest frequency of mu
tations of any gene yet identified in human cancers (35, 36), but the
locations and types of mutations differ among cancers of different
histological types. These differences may reflect the etiological con
tributions of both exogenous and endogenous factors to the process of
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carcinogenesis, and an analysis of p53 mutations in the primary and
second primary cancers may be informative with respect to etiology
and diagnosis. The purpose of this study was to analyze p53 mutations
in primary head and neck cancers and their corresponding second
primary cancers. Exons 5-8 of p53, which represent the most frequent
sites of mutations, were analyzed. PCR'-amplified DNA from indi

vidual exons was subjected to SSCP analysis to identify p53 mutations
and determine their locations ( 16, 37, 38). We found that primary head
and neck cancers and second primary cancers of the upper aerodiges
tive tract had uniformly discordant p53 mutations, providing the first
molecular evidence to support the field cancerization hypothesis.

MATERIALS AND METHODS

Preparation of DNA from T\imor Samples. Sixty-six tissue samples were

collected from 31 patients who underwent surgery for histologically confirmed
primary squamous cell carcinoma of the head and neck at The University of
Texas M. D. Anderson Cancer Center between 1977 and 1990 and later
developed second primary cancers in the head and neck region, esophagus, or
lung. Criteria for diagnosis of second primary cancer of the same histolÃ³gica!
type as the primary tumor, as described by Warren and Gates (32). included
separation from the primary by more than 2 cm of normal epithelium and
occurrence at least 3 years after diagnosis of the primary. A separate cancer of
a different histological type was considered a second primary cancer. In the
lung, a diagnosis of second primary cancer was made when the cancer was
solitary and histologically distinct from the primary or in any case where it
developed 3 or more years later. Second primary cancer occurred in the head
and neck region in 17 patients, in the lung in 12. and in the esophagus in 2.
Four patients had two second primary cancers.

All specimens were fixed in 10% neutral formalin and embedded in paraf
fin. From each specimen, seven to eight unmounted. 5-|am-thick serial sections
were prepared. One section was stained with hematoxylin-eosin to facilitate

identification of tumor and normal tissue. Stained slides were reviewed by a
pathologist (J. Y. R.) to confirm the location and type of the tumor. Tumor
tissue was accurately removed from four or five 5-urn serial sections mounted

on glass slides by scraping the marked area with a scalpel, ensuring that only
the tissue of interest was removed. Over 90% of the cells from the tumor areas
appeared histologically malignant, and contamination with adjacent nonma-

lignant cells was avoided. The tissue was then dewaxed by two washes in
xylene and a wash in 70% ethanol. and the tissue samples were digested with
proteinase K (500 |jg/ml) in a buffer containing 500 imi Tris-HCl (pH 7.5), 20
iTiMEDTA. IO imi NaCI, and 1% sodium dodecyl sulfate for 24 h at 37Â°C.

DNA was isolated by adding 1 volume of phenol-chloroform and extracting

with 1 volume of chloroform. Sodium acetate (O.I volume of a 3 Msolution. pH
5.2) was added, and the DNA was precipitated by the addition of 2 volumes of
cold absolute ethanol and overnight incubation at -20Â°C. After centrifugation
at 4Â°C,the DNA pellet was washed with cold 70% ethanol and resuspended in

10 triMTris-HCl (pH 7.51-1 mM EDTA.

Polymerase Chain Reaction. The DNA was amplified by PCR according
to the previously reported method (16. 39). The target sequences of p53. exon
5 (codons 126-187), exon 6 (codons 188-224), exon 7 (codons 225-261), and
exon 8 (codons 262-290) were amplified separately. Previous studies have

shown that most p53 gene mutations are locali/ed in these exons (9. 35. 40).
Oligonucleotide amplimers were synthesized on a DNA synthesizer (Applied
Biosystems. Inc.. Foster City. CA). as follows: exon 5. 5'-TACTCCCCT-
GCCCTCAACAA-3' and 5'-CATCGCTATCTGAGCAGCGC-3'; exon 6.
5'-GTCTGGCCCCTCCTCAGCAT-3' and 5'-CTCAGGCGGCTCATAGG-
GCA-3'; exon 7. 5'-TCTGACTGTACCACCATCCA-3' and 5'-CTGGAGT-
CTTCCAGTGTGAT-3'; exon 8. 5'-TGGTAATCTACTGGGACGGA-3' and
5'-CGGAGATTCTCTTCCTCTGT-3'. A standard PCR reaction was carried

out with a l(X)-ul reaction volume containing up to I ug genomic DNA, 1x

Taq polymerase buffer (Promega Corp.. Madison. WI). l UMamplimer. 200 JJM
concentrations of each deoxynucleotide triphosphate (dGTP. dATP. dTTP.
dCTP). and 1.5 units of Taq DNA polymerase (Promega Corp.). The reaction
mixtures underwent cyclical denaturation (92Â°C.1 min), annealing (53-58Â°C.

1The abbreviations used are: PCR. polymerase chain reaction: SSCP. single strand

conformation polymorphism.

1 min), and extension (72Â°C,I min) in a thermal cycler (Ericomp. San Diego.

CA). Routinely, 35 amplification cycles were performed, followed by incuba
tion at 72Â°Cfor 10 min. Agarose gel (4%) electrophoresis was used to confirm

amplification of correct target sequences. PCR-amplified DNA was purified by

gel elution.
Single Strand Conformation Polymorphism Analysis. The SSCP analy

sis was performed directly by adding 0.4 ul of [a-':P]dCTP (3000 Ci/mmol, 10

mCi/ml) (ICN Biochemicals, Irvine, CA) to the 20-pl volume PCR reaction
mixture during the final 20 cycles of amplification. AO. 1-ul volume of 100 msi

EDTA-1.0% sodium dodecyl sulfate was added. Before electrophoresis. I pi of

the reaction solution was mixed with 1 ul of dye mixture (95% formamide. 20
HIMEDTA-0.05% bromophenol blue, and 0.05% xylene cyanol). The samples
were heated to 80Â°Cjust before loading. Electrophoresis was performed on

nondenaturing 12% polyacrylamide gel with 0.5x Tris-borie acid-EDTA (IX

is 0.089 MTris-HCl. 0.089 M boric acid, and 0.2 m\i EDTA) without glycerol
and electrophoresed at 4Â°Cfor 3 h. A sequencing type apparatus (Bethesda

Research Laboratories, Inc.. Gaithersburg. MD) with 30- x 40-cm plates and

0.4-mm spacers was used. After fixation with 10% methanol and 10% glacial
acetic acid for 10 min, the gels were dried (gel drier; Bio-Rad Laboratories.
Richmond, CA) and autoradiographed. Each gel contained PCR-amplified.

labeled complementary DNA for each exon as a negative control to localize the
bands of interest and tumor DNA with a known point mutation as a positive
control. A minimum of two SSCP gels were analyzed from independent PCR
for each specimen. Consistent results from two or more gels were reported so
that artifacts from PCR-mediated base incorporation could be eliminated. The

SSCP gels were evaluated by an investigator who was blinded to the patho
logical diagnosis of the cancer. After completion of the SSCP analysis and
scoring of the gels, the results were determined by a second investigator who

decoded the sample numbers.
Subcloning and Sequencing. Twenty-two DNA samples from six patients

were sequenced to confirm and localize point mutations detected by SSCP.
PCR-amplified DNA (35 cycles) was electrophoresed on 4% agarose gel and
eluted on DE81 filter paper (Whatman. Inc.. Clifton. NJ). Eluted PCR-DNA

(300 ng) was ligated overnight at room temperature with 100 ng of Smal
(Boehringer Mannheim Biochemicals. Indianapolis. IN) restriction enzyme-cut

Bluescript vector (Stratagene Inc.. LaJolla. CA) using 5 units of DNA ligase
(Boehringer Mannheim Biochemicals). Ligated DNA was used to transform
DH5a-competent bacterial cells that were plated onto isopropyl-ÃŸ-n-thiogalac-

topyranoside (Boehringer Mannheim) ampicillin agar plates. Following over
night incubation at 37Â°C,selected individual colonies were grown in Luria-

Bertani medium. Plasmid DNA was annealed with 50 nmol of the KS primer
<5'-CGAGGTCGACGGTATGG-3') or SK sequencing primer (5'-TCTA-
GAACTAGTGGATCC-3') of the Bluescript vector and sequenced by the

dideoxy chain termination method with the Sequenase Version 2.0 kit (United
States Biochemical Corp.. Cleveland. OH) according to the manufacturer's

protocol. Sequencing reactions containing [a-"S]ATP (1000 mCi/mmol: New

England Nuclear. Boston, MA) were electrophoresed on 8% polyacrylamide/
urea gel. A minimum of five individual clones were sequenced for each
specimen. Each sequencing reaction was performed twice from separate PCR
reactions, and in each case the presence of the mutation was confirmed.

Statistical Comparisons. Statistical comparisons were made with the un
paired Student t test. All P values were two-tailed. Values were calculated

using SPSS software (SPSS, Inc., Chicago. IL).

RESULTS

DNA was extracted from 66 samples of primary cancers and second
primary cancers; exons 5-8 of the p53 gene were analyzed for mu

tations by SSCP. Each of the exons was amplified and analyzed
individually. DNA fragments showing an electrophoretic mobility
shift were identified as positive for p53 gene mutations (Fig. 1).
Subsequently, 22 samples from 6 patients, including 9 that were
negative, were selected for DNA sequencing to confirm the results of
SSCP analysis and to characterize the types and locations of the
mutations (Fig. 2). These patients were selected because they had
mutations in both the primary and second primary cancer that were
different and thus would provide the most rigorous test for the pres-
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EXON 5
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No
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Fig. I. Detection of p53 mutations in primary (/>) head and neck cancers and second

primary (Si cancers by SSCP analysis of exons 5. 7. and 8. The patient number is as in
Table 2. Mobility shifts were detected relative to the complementary DNA marker
(cDNA ). Arrowheads, bands indicating [he presence of a mutant alÃele.Patient 32 had a
primary squamous carcinoma of the lung (P\ metastatic to regional lymph nodes (A/).
Patients 33 and 34 had squamous carcinoma of the subglottis and tongue, respectively (/>),

metustalic to regional lymph nodes (M).

enee of discordant mutations. Three patients with samples negative on
SSCP were included as negative controls.

The clinical characteristics of the patients are shown in Table I.
There were no statistically significant correlations between the fre
quency of p53 mutations detected by SSCP and tumor site, tumor
stage, tumor differentiation, or time interval in the primary and second
primary cancers. Those patients who were shown by this analysis to
have mutations consumed significantly greater numbers of cigarettes
[mean, 51.6 Â±8.2 (SE) pack-years] than patients without mutations
(mean, 21.8 Â±10.3 pack-years, P2 ( 0.05).

The results of the SSCP analysis are summarized in Table 2, and
representative results are shown in Fig. I. The overall frequencies of
p53 mutations among primary tumors and second primary cancers
were 42% (13 of 31 ) and 37% (13 of 35), respectively. Mutations were
found in 19 of 52 head and neck squamous cell carcinomas (36%), in
4 of 7 squamous cell carcinomas of the lung (57%), in 2 of 5 adeno-

carcinomas of the lung, and in 1 of 2 squamous cell carcinomas of the
esophagus. Twelve samples had p53 mutations on exon 5, 9 on exon
7, and 11 on exon 8. Six samples had mutations in more than one
exon. Twenty-one of 31 patients (68%) had p53 mutations in 1 or

more specimens. In all 21 cases the genetic lesions was discordant
such that the presence or location of the mutations was different from
those of the second and third primary cancers. In the five patients with
p53 mutations in both the initial and the second primary cancer, the
mutations occurred in different regions of the p53 gene. In the other
16 patients, a p53 mutation was found in one primary tumor but not
in the other. In 8 of these 16 cases, a mutation was found in the first
primary but not the subsequent primary cancer, and in the other 8
cases, a p53 mutation was not detected in the initial primary but was
detected in subsequent primary cancers.

Previous studies showed fidelity of p53 mutations in mÃ©tastasesand
recurrences of lung and brain cancers (29-31). To further study this,

DNA was extracted from primary squamous carcinomas of the head
and neck and lung and their respective regional lymph node mÃ©tas
tases of patients in our group. In all three cases identical mutations
were noted in the primary tumors and their mÃ©tastases.These muta
tions occurred in the same exon and had identical SSCP banding
patterns (Fig. 1).

The DNA sequencing data are shown in Table 3 and Fig. 2. The data
are consistent with the results of the SSCP analysis. Nine samples that
did not exhibit a mobility shift on SSCP gel had wild-type p53

sequences. Thirteen samples showed band mobility shifts on SSCP
analysis and had p53 mutations confirmed by DNA sequencing. Two
samples had mutations at more than one site. Of the 15 mutations
detected by sequencing, 3 were G to A, 6 were A to G, 2 were C to T,
2 were G to T, 1 was C to G, and l was T to A. Eleven of the 15 (73%)
p53 mutations were transitions. Three mutations were noted at CpG
sites. Only 4 of the 15 (27%) mutations were transversions (change of
purine to pyrimidine or vice versa). Three mutations were located at
codons 164, 169, and 170, which are outside the evolutionurily highly
conserved domains.

DISCUSSION

These studies provide evidence that multiple primary cancers of the
upper aerodigestive tract arise independently, which is consistent with
the concept of field cancerization introduced by Slaughter el al. (4).
Their postulate, that multiple primary cancers of the upper aerodiges
tive tract arise as independent events following prolonged exposure to
a common carcinogen, was based on observations of islands of inva
sive cancer arising in separate foci of in situ cancer. The high per
centage of head and neck cancer patients with p53 mutations and the
consistency of type of mutations (transitions) are compatible with
exposure of these patients to a common carcinogen. However, the
marked variability in the sites of these mutations strongly argues that
the multiple primary cancers are occurring as independent events.

Clinical evidence has accumulated to support the field cancerization
concept. Cancers of the aerodigestive tract frequently develop in re
gions of premalignant change such as leukoplakia and bronchial dys-

plasia (41, 42) and in areas with high carcinogen exposure (42, 43). A
genetic component has been identified in patients developing head and
neck cancers (44). Increased sensitivity to carcinogens, as detected by
clastogen-induced chromosome fragility, increases the risk for devel

oping tumors. Patients who develop one cancer have a high incidence
of second primary cancers developing in the same field (45, 46).

The p53 gene is the most frequently mutated gene yet identified in
human cancers (35, 36). Mutations of p53 are common in a wide
variety of tumors (9, 13. 47. 48); their incidence is 42% in initial
primary head and neck cancers, which is consistent with the frequen
cies for other solid tumors. The high incidence of p53 mutations in cell
lines derived from squamous carcinomas of the oral cavity has been
reported previously (49).

The p53 gene encodes a 393-amino acid phosphoprotein that can
form complexes with host proteins such as SV40 large T-antigen and

adenovirus El B (50). Missense mutations are common in the p53
gene and may contribute to the transforming potential of the onco
gene. Because the wild-type p53 gene may directly suppress uncon

trolled cell growth or indirectly activate genes that suppress this
growth, absence or inactivation of wild-type p53 may contribute to

transformation. However, some studies indicate that mutant p53 must
be present for the transforming potential of the gene to be fully
expressed (40, 51). Thus, functional inactivation of p53 may contrib-
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Fig. 2. Sequencing by the chuin termination method
of p53 mutations detected by SSCP analysis for exons 5
(A), 7 (B). and 8 (C) in primary (P) and second primary
(5) cancers. The patient number is as in Table 2. f/n-

derlined number, mutant codon. Arrowhead, mutant
base. The normal sequence is shown adjacent to the
mutant sequence.
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Table I Characteristics of paiients

Characteristic

Mean age Â±SEÂ£(range)Sex

Male
FemalePrimary

tumor site
Larynx
Pharynx
OralcavityTumor

stage (pathological)
1 or 2
3 or4Tumor

differentiation
Well differentiated
Moderately differentiated
Poorly differentiated69

Â±1.7 yr (28.4-77.3yr)21

(68)
10(32)11(35)7(23)

13(42)15(48)

16(52)10(32)

16(52)
5(16)

Time interval between primary and
second primary cancer

<3 yr
>3 yr, <5 yr
>5 yr

Smoking history
Smoker
Nonsmoker

24(77)
3(10)
4(13)

27(87)
4(13)

ute to the development of multiple primary cancers of the upper
aerodigestive tract.

Specific types of base changes in DNA are associated with certain
carcinogens (35, 36). Benzol(j)pyrene exposure is associated with
transversion (change of a purine to a pyrimidine or vice versa) of G
to T. Binding of ulkyluting agents to the 06 position of guanine is

associated with transitions (change of purine to purine or pyrimidine
to pyrimidine) because of an alteration in hydrogen-binding proper

ties. The frequency of transitions in head and neck cancers is distinctly
higher than that in primary cancers of the lung (10, 26, 52). A high
frequency of transitions was also noted in cell lines derived from oral
squamous cell tumors (49). Interestingly, of the three second primary
lung cancer specimens sequenced, two had trunsversions. and both
patients had a history of heavy cigarette consumption. Transversions
account for 67% of mutations in lung cancer but occurred in only 27%
of the specimens sequenced in our study, a frequency similar to that in
colon cancers, leukemias, and sarcomas. Since it is thought that to
bacco exposure is an etiological agent for head and neck cancers, the
predominance of a different type of mutation suggests that the head
and neck region may differ from other sites of the upper aerodigestive
tract in its sensitivity or level of exposure to specific carcinogens. The
association between smoking and the appearance of p53 mutations has
been reported previously and is confirmed by this study (53).

Mutations at the CpG dinucleotide sites were underrepresented in
this study. The 5-methylcytosine residue can undergo spontaneous

deamination, resulting in a G:T mismatch that is not faithfully re
paired, and causes a C to T transition at CpG sites. This change has not
yet been associated with an exogenous carcinogen. However, one-

third of previously reported p53 mutations are transitions at CpG sites
(35). The majority of mutations identified in our study did not occur
at CpG sites, suggesting that the mutations observed are related to a
common exogenous carcinogen. An unusual feature of these tumors is
the presence of two previously unreported mutations at codons 169
and 170.

A major concern in studies using PCR for detection of single base
mutations is the fidelity of the amplification reaction. The misincor-
poration rate over 30 PCR cycles is estimated to be 2 X 10~4/

nucleotide/cycle (39). The reproducibility of the SSCP reactions was

monitored by repeating each SSCP a minimum of two times from
independent PCR. The consistency of these results and lack of irre-
producible false positive results argues for the fidelity of the reactions.
The reliability of PCR decreases with increasing length of the ampli
fication unit (54). With amplification units of 200 kilobases or less, as
used in our study, the fraction of correct fragments is greater than
98%. Confirmation of the mutations in multiple clones from separate
PCR provided additional evidence for fidelity of the PCR. Finally,
correlation was excellent between the detection of abnormally migrat
ing DNA fragments by SSCP and the identification of mutations by
sequencing. Given the low rates of base misincorporation. such a
coincidence would be highly improbable. These results cannot be
explained because the assay system lacks sensitivity in detecting small
populations of mutated cells present in the initial primary tumor.
Mutations were detected in the first primary in 13 patients, and 5 of
these patients had mutations in both primary tumors.

The evidence to date is consistent with p53 mutations occurring at
the interface between premalignant neoplastic cells and invasive can
cer cells (10, 16, 20, 26-28). Mutations in the p53 gene have been

identified in premalignant lesions of the upper aerodigestive tract
(16, 22-27). The premalignant lesions in these studies are both meta

plasias and dysplasias and associated with invasive cancers. One study
did not identify overexpression of the p53 protein in normal, benign,
or early premalignant lesions of the oral mucosa, but the lesions in this
study did not come from patients with invasive cancers and therefore
could represent a stage of development preceding the appearance of
p53 mutations. However, increased p53 protein expression was found
in basal cell hyperplasia associated with oral cancers (55). Mutations
of the p53 gene occur frequently in early stage cancers of the head and
neck, lung, and esophagus. The incidence of these mutations does not
increase with advancing stage of disease, as would be expected \fp53
mutations were associated with cancer progression (10, 20, 24). Our
study provides additional support for this because 7 of the 15 patients
(47%) with Stage I or II tumors had p53 mutations in the primary head
and neck cancer. Mutations occurred in 6 of 16 cases (37%) of Stage
III and IV cancers. In late stage cancers p53 mutations are passed on
with fidelity in tumors originating from a single clone (as they are in
cancers of the brain and lung and their recurrences) (29-31). Our

study confirms this for squamous carcinomas of the head and neck and
lung metastatic to regional lymph nodes.

It appears that oncogene and tumor suppressor gene mutations can
occur at different times during tumor progression in histologically
distinct tumors. For example, in non-small cell lung cancer, K-ra.v

mutations occur in advanced adenocarcinomas (56). In colorectal
cancer, however, these mutations occur in premalignant polyps, al
though they are also noted in more advanced cancers (57). Some
patients did not have p53 mutations in either primary or second
primary cancer. It is likely that these cancers arose by ap5J-indepen-
dent pathway or by inactivation of p53 by a/j5^-binding protein. Such

pathways have recently been described (58, 59).
Evidence continues to accumulate that the process of carcinogen-

esis for aerodigestive tract cancers has multiple steps (60). Molecular
events, including dominant oncogene mutations, mutation or loss of
tumor suppressor genes, and aberrant expression of growth factors and
their receptors, have been identified in aerodigestive tract cancer cells.
p53 mutations or deletions appear to play a pivotal role in maintaining
the malignant phenotype, because introduction of the wild-type p53

into cells by transfection or retroviral gene transduction reverses fea
tures of the malignant phenotype.4

Our results differ from a recent study on the clonal origin of bladder
cancer (61). In that study, the pattern of inactivation of the X-chro-

4 D. Cai and J. Roth, unpublished observations.
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Table 2 Comparison of the resulis of SSCP of priman,- and second primary cancers

Patient Primarysite1

Larynx2
Epiglottis3

Floor ofmouth4
Larynx5

Floor ofmouth6
TongueTongue8

Base oftongue9
Pyriformsinus10
Floor ofmouth11

Epiglottis12
Tongue13
Larynx14

Floor ofmouth15
Pharynx16

Floor of"mouth17

Subglottis18
Tonsil19
Epiglottis20

Softpalate2
1 Floor ofmouth22

Tongue23
Floor ofmouth24
Floor ofmouth25
Softpalate26
Pyriformsinus27

Epiglottis28
Tongue29

Floor ofmouth30
Epiglottis31

Vocalcord"
SSCP was characterized byStage''43131233332:34323233232:i321123electrophoreticTumor

site and celltypeSecond

primarycancer
1Pyriform

sinusPharynxTongueFloor

ofmouthAnterior
gumBuccal
mucosaGingivaTongueEsophagus,

squamousTongueLung,

squamousPyriform
sinusLung,
squamousPyriform
sinusLung,
squamousLung,
adenoLung,
adenoFloor

ofmouthLung,
squamousEsophagus,
squamousGlossopharyngeal
sulcusLung,
adenoPyriform
sinusRetromolar
trigoneTrachea,
squamousLung,
squamousLung,
squamousAlveolar
ridgeLung,
adenoLung,
adenoLung,

squamousmobility

shift (+).Second

primarycancer
2PrimaryBase

oftongueRetromolar

trigone 5+Palate5

and 8+5
and 7+8

+8
+7

and 8+5
and 7+7
and 8+8

+5
+Buccal

mucosa7
+7

+5

+Results

ofSSCP"Second

primar)' Secondprimarycancer

1 cancer25+''5

+7

+7
+7

+5
+8

+5

+5
and 8+8

+5

+8
+8

+''

Postsurgical pathological stage(62).'
5+. positive for exon 5: 7+,positive for exon 7; 8+. positive for exon 8.

mosome in multiple bladder cancers arising in four female patients
suggested that the multiple tumors arising in each bladder had a clonal
origin. The applicability of field cancerization will need to be specif
ically determined for each organ system. Our result is not unexpected
given the heterogeneity of possible cancer sites and the potential
differences in carcinogen exposure for the upper aerodigestive tract
compared to the bladder. The use of X-chromosome inactivation has

significant limitations when used to test a field cancerization hypoth
esis. X-chromosome inactivation occurs during embryogenesis and is

unrelated to carcinogenesis. Thus, clonal proliferation of cells could
occur with different oncogene or tumor suppressor gene mutations
occurring in premalignant cells in this clonal population. The resultant

tumors would appear to be clonally identical, but independent molec
ular events would be responsible for the transition from premalig-

nancy to malignancy. Another limitation of the technique is that it can
only be applied to female patients. This would limit analysis to an
unrepresentative sample, since patients with aerodigestive tract can
cers are predominantly male. The p53 gene is unique in that the high
incidence of mutations, association with malignant change, and mu
tations early in cancer development for head and neck, lung, and
esophageal cancers make it a useful marker to determine whether the
origin of an aerodigestive tract cancer is independent.

Understanding the molecular events underlying the development of
second primary malignancies may help develop strategies for the

Table 3 p53 mulatitms in primary and second primary cancers"

Patient111216192022Site and celltypePrimary:

epiglottisSecondary

primary cancer: lung,squamousPrimary:
tongueSecondary

primary cancer: pyriformsinusPrimary:
mouthSecond

primarycancer:lung,
adenoPrimary:
epiglottisSecondary

primarycancer:lung,
squamousPrimary:

softpalateSecond
primarycancer:esophagus,

squamousPrimary:

tongueSecond
primarycancer:lung,

adenoSSCP

Exon+

5+

8+
7+
5+
7+
5+
7+

85-85-8+

5+

8+
5+

88+

8Codon136169274245170248164234245271None

detectedNone

detected139273141286None

detected283Base

substitutionCAA

->TAAATG
-Â»AAGGTT-Â»TTTGGC

-Â»TGCACG
->GCGCOG
-Â»CAGAAG
-Â»GAGTAC
-Â»TGCGGC
-Â»GACGAG
-Â»GGGACC

->GCCCGT

->CATCCT-Â»TCTAAG

->AGOCGC

-> GGCAmino

acidsubstitutionGin

â€”¿�>TerminationMet
->LysVal

-Â»PheGly
->CysThr
->AlaArg
->GinLys
-Â»GluTry
â€”¿�>CysGly
->AspGlu
-Â»GlyThr

-Â»AlaArg

-Â»HisPro
-Â»SerGlu

-Â»GlyArg

-Â»Gly

" DNA was amplified by PCR. with .Vnuil-digesied Bluescript vector, and used to transform DH5a-compelent cells. Sequencing was done by the chain termination method.
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prevention and therapy of these cancers. Molecular prevention could
be directed at the appropriate gene products. These findings may also
be useful in developing diagnostic tests and prognostic indicators for
patients with second primary malignancies. Field effects may also be
important in the development of multiple primary cancers at other
sites.
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