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ABSTRACT

As in most other tumor types, expression of mutated or phenotypically
altered p53 is a common occurrence in head and neck carcinogenesis.
Since the prognosis for many head and neck tumor patients is severely
affected by the occurrence of multiple primary and secondary tumors, we
have analyzed the phenotype and genotype of p53 in squamous and res
piratory epithelia either adjacent to or at significant distance from the
primary tumors. Many tumor patients showed multifocal overexpression
of the p53 protein in a variety of these epithelia. Overexpression of p53
correlated with increased proliferation and dedifferentiation, as demon
strated by immunohistochemistry and in situ hybridization using histone
H3 and cytokeratin-specific probes. Polymerase chain reaction-single-

strand conformation polymorphism analysis and sequencing of p53 DNA,
amplified from these biopsies after immunostaining and microdissection,
confirmed and extended these findings. We have identified different mu
tations in p53 in different tumor-distant epithelia from the same patients.

The data indicate that mutation ofp53 is an early event in head and neck
carcinogenesis, preceding signs of overt neoplasia, and that different mu
tations in p53 in multiple foci may provide a molecular basis for the
development of multiple tumors.

INTRODUCTION

Carcinogenesis of the head and neck is marked by the involvement
of carcinogenic factors derived from tobacco and alcohol abuse, as
well as from nutritional, environmental, and occupational exposure
(1). Head and neck tumors, consisting mostly of SCC,3 show a highly

variable distribution in different parts of the world (2) and are among
the most aggressive human malignancies, with a high incidence of
metastasis. The prognosis for patients suffering from head and neck
cancers is even more adversely affected by the very high occurrence
of multiple primary and secondary tumors (3), a phenomenon which
among clinicians is referred to as field cancerization.

The sequence of genetic changes underlying the development and
progression of head and neck cancer is not known. However, as in
most other tumor types (for reviews, see Refs. 4-9), mutation or

phenotypic change of the tumor suppressor gene p53 is an important
factor (10).

A large body of experimental data has accumulated recently indi
cating a striking diversity of biochemical properties and activities of
p53 and giving the protein the biological function of a crucial cell
cycle checkpoint. The p53 protein binds to DNA and is capable of
fra/is-activating or /rans-repressing transcription from other genes
(Ref. 11; for reviews, see Refs. 7-9 and references cited therein). The

central, apparently conformationally flexible, portion of the p53 pro
tein harbors "hot spots" for point mutations. Many of these seem to
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alter the structure of this portion or even of the entire protein, as
reflected in the generation of mutant-specific epitopes, e.g., to the
Mab Pab 240 (12). Wild-type p53 appears to be dispensable for

normal development but is protective against cancer in postnatal life
(13). The p53 protein level strongly increases after experimental DNA
damage, and this is followed by a specific arrest of the cell cycle in G,
(14-16). Cells containing mutated p53 or lacking p53 are unable to

induce this cell cycle arrest (17, 18). Furthermore, they have a reduced
capacity to induce apoptosis after DNA damage by ionizing radiation
or some therapeutic drugs (19, 20).

This current concept of p53 as a key cell cycle checkpoint and
"guardian" against genetic damage (7, 21) and the recent discovery

that genetic damage, i.e., genomic instability, precedes overt tumori-
genesis (Refs. 22-24; see, however, Refs. 25 and 26) are further

supported by a number of recent publications. p53 alterations occur in
cancer-prone diseases and precancerous lesions in various body sites

including the lung (27, 28), the esophagus (29), the brain (30), and the
colon and rectum (31). In the head and neck region, mutations in the
p53 gene have thus far been identified mainly in SSC cell lines
(32-34) and in only a limited number of primary tumors (33, 35).

Overexpression of p53 protein, as detected by Â¡mmunohistochemistry,
has also been observed in hyperplastic and dysplastic epithelia adja
cent to the tumors (36-38).

These recent developments have prompted us to ask whether ex
pression of aberrant p53 might occur early in head and neck carcino
genesis as a possible molecular basis for the frequent and very severe
problem of field cancerization. Our studies included the parallel as
sessment of proliferation and differentiation in the biopsies examined,
to determine whether there is a functional relationship between the
biological behavior of the tissues and their p53 status. The results
strongly indicate that aberrant p53 indeed occurs very early, being
detectable in epithelia at a considerable distance from the primary
tumors. At both the protein and the DNA levels, we have observed
multifocal and discontinuous changes in p53, providing the molecular
basis for a multifocal development of multiple tumors.

MATERIALS AND METHODS

Tissue Specimens. Specimens from different types of head and neck tu
mors were collected in the operating room immediately after operation. All
specimens of squamous cell carcinomas showed, at least in some areas, signs
of dedifferentiation, with histological grading varying between G2 and G4.
With the consent of some patients undergoing radical neck dissection, hyper-

plastic and dysplastic squamous and respiratory epithelia in close vicinity to,
as well as at various distances from, the tumor were also obtained and were
processed separately. The tissues were snap-frozen in isopentane/liquid nitro
gen and stored at -80Â°C. Serial cryostat sections (5-6-fj.m thick) were mounted

on 3-aminopropyltriethoxysilane-coatcd slides.
IHC. The frozen sections were fixed for 10 min in acetone at -2()Â°Cand air

dried. Primary monoclonal antibodies were applied to the sections in phos
phate-buffered saline, pH 7.4. Antibody staining, performed on at least two
sections per specimen, was detected by the alkaline phosphatase-anti-alkaline

phosphatase method, using the protocol provided by Dakopatts (Copenhagen,
Denmark).
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Antibodies. Three different Mabs directed against p53 were used. Bp5311
(39) (commercially available from Progen Biotechnics, Heidelberg, Germany)
is a newly developed, highly sensitive antibody recognizing an antigenic
determinant in the amino-terminal region of the p53 protein and reacting with
both wild-type and mutant forms of p53.4 DO 7 (40) is also a pan-reactive

monoclonal antibody, whereas PAb 240 (12) reacts only with mutated p53
protein. These were obtained from Medac (Hamburg, Germany). The cyto-
keratin-specific Mabs used were 1C,17.2, K, 18.174.andK., 19.1, reacting with
cytokeratins 8, 18 and 19, respectively, and 6B10 and 1C7, specific for cyto-

keratins 4 and 13, respectively (for references and sources, see Ref. 41).
ISH and Complementary DNA Probes. The procedure was carried out as

described previously (41â€”44).The antisense complementary RNA hybridiza
tion probes were labeled by in vitro transcription from Bluescript-based vectors
with either "S-CTPor 35S-UTP, to a specific activity of approximately 5 X IO8
to K)1' cpm/jig RNA. The hybridization solution contained 50 mM dithio-

threitol, and the sections were covered with Parafilm to avoid evaporation of
dithiothreitol. The RNase A (10 ftg/ml) treatment after hybridization was done
for 30 min at 37Â°C.At least two sections were hybridized with each probe. The

Bluescript-based human histone H3 complementary DNA, containing a 330-

base pair insert, was a kind gift of Drs. H. Smola and N. E. Fusenig, German
Cancer Research Center (Heidelberg, Germany). The complementary DNA
probes used to analyze mRNA expression patterns of cytokeratins have been
described previously (41, 42) and were kind gifts of Drs. B. Bader, R. Leube,
and W. W. Franke, also of the German Cancer Research Center.

Microdissection from Frozen Sections and PCR Amplification. Frozen
sections were stained with Bp53-ll and PAb 240 and air-dried. Small areas

showing various reactivities, from zero to largely positive, were scraped off
under the light microscope using a fine needle. We did not attempt to quantitate
accurately the numbers of epithelial cell nuclei prepared for PCR in this
fashion, which varied between approximately 5 and 50. Instead, we aimed at
the greatest possible enrichment of these nuclei. Contamination with cells in
the connective tissue was, however, unavoidable, especially in the smallest
preparations. DNA was prepared from the scraped-off material by digestion
with 100 fxg/ml proteinase K for 120 min at 56Â°C.After inactivation of
proteinase K at 80Â°Cfor 10 min, the DNA was amplified by PCR. Negative

controls for PCR amplifications were derived from the proteinase K buffer
alone and from material obtained from microdissection of sections which had
been extensively UV-cross-linked. In these cases no amplified product was
detected. In the first PCR reaction, a 1647-base pair fragment encompassing

exons 5 to 8 was produced. The products of this first PCR were the source for
two separate second PCRs; first, individual exons were reamplified for SSCP
and, second, if SSCP showed band shifts DNA from the first reaction was
reamplified in exons 5 plus 6 and 7 plus 8, for sequencing.

PCR-SSCP Analysis. The method was based on the studies of Orila et al.

(45). The products of the second PCR reaction were radioactively labeled
either by direct labeling of both DNA strands in the presence of [a-32P]dCTP

in the reaction mixture or by labeling of either one of the two DNA strands by
using one 5'-end-labeled primer (using [y-12P]dCTP and polynucleotide ki-
nase). The PCR products were denatured at 85Â°Cfor 3 min in 50% formamide

buffered with 20 mM Tris-HCI, pH 8.0, and were quenched in ice-water.

Aliquots were run on native 6% polyacrylamide gels, with an acrylamide to
bisacrylamide ratio of 99:1, containing 10% glycerol. Electrophoresis was
performed in the cold room at constant 30 W for 5-6 h. The gels were washed
in distilled water and exposed to Kodak or Fuji X-ray films.

Sequencing of PCR Products. DNA from microdissected regions showing
band shifts upon SSCP analysis was reamplified in a separate PCR and sub
jected to direct sequencing without any cloning steps, using standard protocols.
T7 DNA polymerase, obtained from Pharmacia or Amersham, was employed.
Some sequences were obtained by cycle sequencing using the reaction kit from
Pharmacia/Biotech (Freiburg, Germany) and Taq polymerase from Promega
(Madison, WI).

p5J-specific Primers. The following primers were used: (a) for the first
PCR, primer 2996, from 5' base 13,001 to 3' base 13,021, and primer 2999,
from 5' base 14,648 to 3' base 14,628; (b) for the second PCR and sequencing
of exons 5 and 6, primer 2996 and primer 2997, from 5' base 13,467 to 3' base
13,487; (c) for sequencing of exons 7 and 8, primer 2998, from 5' base 13,973
to 3' base 13,993, and primer 2999; and, (d) for PCR-SSCP of exon 5, primer
3878, from 5' base 13,040 to 3' base 13,060, and primer 4122, from 5' base

13,235 to 3' base 13,255, for PCR-SSCP of exon 7, primer 2998 and primer
4124, from 5' base 14,107 to 3' base 14,127, and, for PCR-SSCP of exon 8,
primer 5252, from 5' base 14,587 to 3' base 14,607, and primer 4125, from 5'
base 14,436 to 3' base 14,456. The nucleotide numbering was according to the

genomic DNA sequence from the EMBL data library (accession number
X54156).

RESULTS

Screening of Tumors for Overexpression of p53 Protein by Im-
munohistochemistry. A total of approximately 170 biopsies from the
head and neck region, ranging from apparently normal mucosa to
lymph node and skin mÃ©tastases, were immunohistochemically
stained on cryostat sections for overexpression of p53 protein. Only
biopsies of primary SCC of different histological grades were in
cluded in this study. The great majority (96%) of the patients had a
history of smoking and drinking. Squamous epithelia obtained from
surgery of non-tumor-bearing patients served as negative controls.

These never reacted positively with any p53 antibody. All tumor
sections were routinely tested with antibodies Bp53-ll, DO 7, and
PAb 240, of which Bp53-ll in our hands was the most sensitive
anti-p53 antibody. All histologically conspicuous mucosal biopsies
positive with Bp53-ll were also tested with PAb 240, while normal-
appearing epithelia negative with Bp53-ll were not. Table 1 summa

rizes the results of these staining series on the SCC biopsies. The
tumors were grouped according to their anatomical site, and it appears
that the percentage of p53-immunoreactive tumors is highest in the

oropharynx (80%) and oral cavity (67%), decreasing somewhat in the
regions of larynx (44%) and hypopharynx (38%). Interestingly, in a
few cases we have observed differential p53 immunoreactivity be
tween the primary tumor and the lymph node metastasis (cases 3 and
9 of Table 2 and others not included in Table 2).

Screening of Epithelia Located Adjacent to or Distant from
Primary Tumors for Overexpression of p53 Protein by Immuno-

histochemistry. Many surgically removed tumor biopsies contained
squamous epithelium in direct continuation with the tumor. Some of
these nontumorous epithelia, of dysplastic as well as hyperplastic
histology, also showed positive staining with the anti-p53 antibodies.
We therefore concentrated on specifically screening tumor-surround

ing epithelia at significant distance from the center of the primary
tumor. All patients had a history of smoking and drinking. All speci
mens for which the anatomical sites are specified were regarded as
tumor-distant (being separated by at least 2 cm from the primary
tumor). An example of p53 staining of a tumor-distant biopsy is shown

in Fig. \e and the results from biopsies from 15 patients are summa
rized in Table 2. In a large number of the tumor-distant biopsies,

positive staining for p53 was observed. However, as exemplified in
Fig. le, the p53 staining was not evenly distributed but rather was
heterogeneously concentrated in small islands of cells. In fact, single
mucosal biopsies often contained several small positive foci inter
spersed within hyperplastic or inconspicuous areas (data not shown,
and see below). However, in no patient could positive p53 reactivity
be observed in all the tumor-distant biopsies examined. Thus, p53

staining was multifocal both with regard to the biopsies examined and

Table 1 p53 immunoreaclmty in tumors of the head and neck

p53 immunoreactivityfc

TumorSite"SCC

LARSCC
HPXSCC
OPXSCC
OCASCCTNSn2716109Ãi+126863-1510233S+115841S-158113NS+

NS-11

11?S1321

4 Â¡.Bartek, personal communication.

a Tumor sites: LAR, larynx; HPX, hypopharynx; OPX, oropharynx; OCA, oral cavity;
TNS, tonsils.''/!, total number; + , number of p53-positive cases; -, number of p53-

negative cases; S, smoker; NS, nonsmoker; ?S, unknown smoker status.
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Table 2 Immunoreactivity of Bp53-ll with p53 in tumor-surrounding epithelium

Case,
localization"1,

LAR2,
LAR3,
LAR4.
LAR5,
LAR6,
LAR7,

EGL8,
HPX9,

HPX10,
HPX11.
HPX12.
ORO13.
ORO14,
OCA15,

TNSTNM"

T NAMT4N,Mâ€ž

-T2N2cMâ€žT2N2hMâ€ž

++T2Nâ€žMâ€ž
++T2Nâ€žMâ€ž

+T2Nâ€žMâ€ž
+T4N2MX

++T4NÂ¡hMx
+T4NiMx

++T,Nâ€žMâ€ž
+T4N,MX
+T4N,MX

+ *+T4N2M(,
++T4NÃ–MX

+T4Nâ€žMâ€ž
+ +ImmunoreactivityPAL

TON BOT FOM HOL VLI VCO HPX TRAESO+.+++

+ + + -+++
+ + + + -++-â€¢f4-++

+ +++
++++

" Localizations: LAR, larynx; EGL, epiglottis; HEX, hypopharynx; ORO, oropharynx; OCA, oral cavity; TNS, tonsils; PAL, palate; TON, tongue; BOT, base of longue; FOM, floor

of mouth; VLI, vestibular ligament; VCO, vocal cord; TRA, trachea; ESO, esophagus; T, tumor; N, regional lymph node metastasis; AM, lumor-adjacent mucosa.
h The 4lh edition of the TNM classification (1987) was used.
' +. positive immunoreactivity; -, negative immunoreactivity.

within single biopsies. Positive staining in tumor-distant biopsies was

also seen in patients with immunonegative primary tumors, most
notably in patient 3 of Table 2, in whom the primary tumor did not
react with any antibody but the tumor-adjacent epithelium, the lymph
node metastasis, and one tumor-distant site did react positively. We

observed differential staining between primary tumors and lymph
node mÃ©tastasesin several instances (see also patient 9 of Table 2). A
similar observation has been made by Somers et al. (34) but not by
Dolcetti et al. (38). It must be stressed that we have also seen severely
dysplastic but nonreactive regions both in the direct vicinity of im-

munopositive tumors (see case 6 in Table 2) and in epithelia distant
from immunonegative primary tumors. It was interesting to note that
patients with N() tumors (no diagnosed regional lymph node mÃ©tasta
ses; patients 4, 5, 6, 10, 14, and 15) showed similar multifocal over-

expression of p53.
Relationship of Overexpression of p53 in SCC and Tumor-

distant Epithelia to the Proliferation and Differentiation Status.
Overexpression of the p53 protein in nontumorous cells could reflect
cell cycle arrest due to genetic damage. In this case, the cells over-
expressing p53 would not be proliferating. Alternatively, overexpres-

sion could be the result of functional inactivation of the p53 protein
itself and would reflect inactivation of cell cycle control. In this case
(as in the tumors) the cells overexpressing p53 would actively prolif
erate and show a change towards neoplasia. To clarify the meaning of
the p53 positivity in the tumor-distant epithelia, we selected the largest

of these biopsies to analyze the expression of the histone H3 gene at
the mRNA level (by ISH), as a marker for proliferation. In addition,
the differentiation status was assessed at both the protein level (by
IHC) and the mRNA level (by ISH), by analysis of the expression
profile of the ck gene family. As a representative experiment, Fig. 1
presents the expression patterns of the p53 protein, histone H3 mRNA,
and specific ck proteins or mRNA in a metastasizing SCC of the
epiglottis (left column; this is case 7 of Table 2) and in the very mildly
dysplastic mucosa of the vocal cord of a patient with a NOtumor of the
larynx (right column; this is case 6 of Table 2). It can be seen that the
p53-positive cells in the invasively growing epiglottis tumor (Fig. la,
showing red alkaline phosphatase-anti-alkaline phosphatase-stained

nuclei) strongly express histone H3 mRNA (Fig. \b, bright spots upon
dark-field illumination). The invasive cells also strongly express the
simple epithelial-type ck 8 and ck 18 (Fig. 1, c and d, red cytoplasmic

staining). The adjacent nondysplastic epithelium showed weak and
heterogeneous cytokeratin 8 staining and no cytokeratin 18 staining
(Fig. 1, c and d, arrowheads). In the early dysplastic foci of the
tumor-distant vocal cord mucosa (Fig. le), only very few cell nuclei

were distinctly p53 positive (Fig. le, arrowheads); some others were

stained only faintly or were negative (Fig. le, open arrow). Most of
these basal cells showed strong expression of histone H3 (Fig. If,
arrowheads), indicating that they were actively proliferating. The
same area in another consecutive section showed, at the protein level,
a diffuse and heterogeneous induction of ck 8 (Fig. Ig). However, at
the mRNA level, as analyzed by in situ hybridization, the entire early
dysplastic area showed a strong induction of the ck 8 gene in basal and
parabasal cells (Fig. li), at a level similar to that of invasive tumor
cells (data not shown). Only very weak or no induction of cytokeratin
18 was observed (Fig. Ih).

Genetic Analysis by PCR-SSCP of Genomic p53 DNA from the
Central Hot Spot Region (Exons 5-8). Upon assessment of prolif

eration and differentiation, the vast majority of SCC of the head and
neck show an extensive biological heterogeneity, both at the histo-

logical level and at the molecular level. This heterogeneity also holds
true for the p53 antigen, since within a short distance on the same
frozen section immunoreactive and nonreactive areas can be found
both in the tumors (data not shown) and in the tumor-surrounding

epithelia (Fig. le). In addition, tumor and mucosal biopsies contain
highly variable amounts of stroma and/or lymphoid tissue. This makes
the use of whole biopsies as a source of genomic DNA for amplifi
cation by PCR virtually impossible. Rather than using unstained sec
tions (27) or hematoxylin/eosin-stained sections (28, 29) for micro-

dissection of material with different gene expression patterns, we
proceeded to use sections which were stained with p53-specific anti

bodies immediately before microdissection. This was a prerequisite to
directly compare, e.g., in single tumor islands or small areas within
epithelia, the immunohistochemical reactivity with the genetic status
of p53. PCR-SSCP is suitable for screening large numbers of lesions

for specific genetic alterations (45) and, in the case of p53, attempting
to correlate the immunohistochemical screening showing overexpres-

sion of the p53 protein with the presence of mutations within the p53
gene.

The PCR-SSCP technique was set up by analyzing a small number

of immunopositive and immunonegative tumors with known and un
known p53 mutations. We used direct labeling of the PCR products or,
alternatively, employed only one end-labeled primer. In this manner,

we obtained reproducible SSCP results from separate analyses of the
same tumor, with sequencing confirming the identity of the mutation.
The SSCP patterns were, however, readily interpretable only for exons
5, 7, and 8, whereas analysis of exon 6 yielded additional bands under
all conditions, due to a variable number of alternative conformations.

We then analyzed exons 5, 7, and 8 in tumor-adjacent and tumor-

distant epithelia of diverse but always positive immunoreactivity.
Different microdissected regions from the biopsies were analyzed to
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Fig. 2. PCR-SSCP analysis of micmdissccted regions from tumor-surrounding epithe-

lia. A, direct labeling of the PCR products derived from exon 5 (lop) and 7 (hottom). B.
one of the two primers was end-labeled with [y-i:!P]dATP using polynucleotide kinase:

thus, only one of the DNA strands of exon 5 (top) and 8 (bottom) is labeled. The products
were run on a nondenaturing Wt polyacrylamide gel containing I0rf glycerol. at an actual
temperature of I2-14Â°C, for 4â€”5h at 3D W. Autoradiographic exposure was overnight. The

double-stranded DNA hands have been removed from the photographs. Numbers at the
top, lanes on the gel; numbers at the bottom, patient numbers (see also Table 3); letter* at
the bottom, biopsies analysed. When the same letter appears consecutively, this means that
different mierodisscctcd regions were subjected to microdissection and SSC'P analysis (see

also the footnotes to Table 3). me. mutant control (in codon 247 of exon 7); we, wild-type
control; e, same as mutant control but is wild-type in exons 5 and 8; ne. negative control.

establish whether the observed immunohistochemical heterogeneities
could be correlated with genetic changes. As an example, Fig. 2
presents the results for different tumor-distant biopsies from different

patients (note that the patient numbers in Fig. 2 and Table 3 do not
refer to the same patients as in Fig. 1 and Table 2) and different
mucosal regions within some of these biopsies. Exons 5 and 7 after
direct labeling of the PCR products are shown in Fig. 2a and exons 5
and 8 after use of only one end-labeled primer are shown in Fig. 2b.

Direct labeling of exon 5 (Fig. 2a, top) yielded band shifts in lanes 3,
6, 7, ÃŒO,16, 18, and 20, whereas labeling of only one strand of exon
5 in different specimens (Fig. 2h, top) yielded shifts in lanes 7,13,15,
and 16. None of these shifts in exon 5 points to a hemizygous or
homozygous mutation of the entire population analyzed. In exon 7

(Fig. 2a, bottom), changes were seen in lanes 2, 5, 9, 11, 14, 16, 19,
and 20. In Fig. 2a, bottom, lane 21 contains a mutant control and tune
22 a wild-type control. Some of these changes in exon 7 were more

dramatic, most notably in different regions within the same mucosal
biopsy from patient 2; in one region from the entrance to the esopha
gus (specimen 2a: Fig. 2a, bottom, lane 3) the DNA strands migrated
identically to the wild-type DNA (Fig. 2a, bottom, lane 22) and to the
DNA in Fig. 2a, bottom, lanes I, 4, 6-8, 10, 12, 13, 15, 17, and 18. In

the second region of the same biopsy (specimen 2a; Fig. 2a. bottom,
lane 2) there was a complete migration shift of both strands to the
position of the mutant control DNA (Fig. 2a, bottom, lane 21), which
was derived from the H23 small cell lung carcinoma cell line hemi
zygous for p53, having a missense mutation in codon 247 of exon 7
(ATG to ATC) (kindly provided by Dr. J. Gebert, Neurosurgery Uni
versity Hospital, Heidelberg, Germany). Labeling of one strand of
exon 8 yielded a single band shift in Fig. 2b, bottom, lane 6. This
represents specimen 3e, a microdissected region of a biopsy from the
subglottis of patient 3.

Selected informative SSCP results are summarized in Table 3. Simi
lar to our immunohistochemical data revealing multifocal overexpres-
sion of the p53 protein, these experiments revealed multifocal single-

strand conformation polymorphisms, in particular in patients 2 and 3.
These occurred in different microdissected areas even within single
biopsies. More importantly, they involved different exons of p53,
suggesting different and independent mutations. Furthermore, we
have found evidence for different mutations within microdissected
areas, e.g., in the tumor-adjacent mucosa of the hypopharynx of pa

tient 6, which in one of the two microdissected regions analyzed
showed SSCPs in exons 5 and 7 (Table 3). Minor band shifts were not
scored as mutated, since in these cases misincorporation by the Taq
polymerase could not be excluded.

PCR-Sequencing of Microdissected Areas from Tumors and
Tumor-distant Mucosal Biopsies. Our immunohistochemical and

SSCP analyses, in conjunction with our parallel assessment of prolif
eration and differentiation, support the hypothesis that multifocal
changes involving different and independent mutations in the p53
gene may be involved in the process of multiple tumor development.
To test this, we have started to sequence some of the genomic p53
DNA fragments represented in Fig. 2 and Table 3. Fig. 3 presents
sequences from exon 5 of a microdissected regions of the base of the
tongue and of the lateral pharynx wall, both obtained from patient 3
(Fig. 2a, top, lanes 7 and 6, and Table 3, asterisks). The analyzed
region of the lateral pharynx wall (Fig. 3Â«,right; see Fig. 2a, top, lane
6) showed a single base mutation, a guanosine to thymidinc transver
sion in codon 176 (Fig. 3a, right, dots), with the equal intensities of
the two thymidine bands suggesting a heterozygous state of p53. The
sequenced microdissected region of the base of the tongue (Fig. 3a,
left, corresponding to Fig. 2a, top, lane 7) was wild-type in codon 176

(Fig. 3a, left, arrowhead). On another gel (Fig. 3/>, left), the sequence
for the base of the tongue revealed a single base change, a guanosine
to adcnosine transition in codon 148. The low intensity of the addi
tional adenosine band (see Fig. 3b, left, arrowhead) indicates that only
a minority of the cells analyzed contained this mutation. The sequence
obtained from the lateral pharynx wall was wild-type in codon 148

(Fig. 3h, right, dots). Several microdissected regions which did not
show SSCP band shifts in exon 5 (see Fig. 2a, top, lanes 2 and 5, and
Fig. 2b, top, lanes 4 and 14) were sequenced in parallel, and no
evidence of mutation in exon 5 was found (data not shown). If mu
tations have contributed to the observed p53 overexpression, these

of cells overexpressing p53 and expressing H3 mRNA; open arrows, an area with weakly pS.Vposilivc cells which also express H3 mRNA. Note that most but not all p53-overexpressing
cells also express H3 mRNA (a, b. e, and/). Note disparate expression of ck 8 and ck 18 in the tumor-distant epithelium (compare ,1,'and h with c' and tl). similar to the squamous
epithelium directly adjacent to invasive tumor cells in c and d (arrowheads). Note the strong induction of ck 8 mRNA in the entire mildly dysplastic area ((')â€¢
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Table 3 Selected informalnv SSCP results an ejcons 5, 7, and 8 in epitlwliu surrounding Iwud und neck rumors

SSCPresults*Patient,

tumor2,

LAR2.
LAR2.
LAR2,
LAR2,
LAR3,
LAR3,
LAR3,
LAR3,
LAR3,
LAR3.
LAR3.
LAR3.
LAR3,
LAR3,
LAR3,
LAR4,
LAR6,
HPX6,
HPX7,

HPX10,
TNSMucosal

biopsy"a,

EESa,
EES*b,

ESOb,
ESOd.
HPXa,
LPHa,
LPH*b,
BOT*b,

BOTb.
BOT*e,

SOLf,
ESOf,
ESOf.
ESO*f,

ESOf.
ESOEES*a,

AMa.
AMBOTHPXExon

5directwtwt/muwtwtwtmu/wtwt/muwtwt?wtwt/mumu/wtwtExon5 primerwt/muwtwtwtwt?wt/muwt/muwt/muExon7directmuwtmu/wtwtwt/muwt?wtwtmu/wtmu/wtwtmu/wtwt/muExon
Exon

7 primer 8directwtwt/muwt?wtwtwtwtwtwt/muwt/muwt?7wtwtwtExonH primerwtwt/muwtwtwtwtW

twt

" EES, entrance lo esophagus; LPH, lateral pharynx wall; SGL, subglottis. For all other localizations, see footnotes to Table 2.
h wt. wild-type; mu. mutant; wt/mu, equal or excess wild-type; mu/wt, equal or excess mutant; ?, minor band shifts, interpretation uncertain; direct, direct labeling with [a-3~P]dCTP:

primer, labeling of one primer with [Y-^PjdATP. Repeated letters in the second column indicate identical mucosal biopsies but different microdissected regions analy/ed by PC'R-SSCP.

*, mutation identified by sequencing (see Fig. 3). The data for exon 5 direct, exon 5 primer, exon 7 direct, and exon 8 primer are taken from Fig. 2; the gel patterns for exon 7 primer

and exon 8 direct are not shown.

must reside in other regions of the p53 gene. Different p53 mutations
in different tumor-distant biopsies were also found in other patients

and in different exons, confirming the respective SSCP results. These
were not only point mutations but included a deletion of 41 bases and
an insertion of a dinucleotide, disrupting the reading frame of the p53
mRNA (data not shown). Sequence analysis of many microdissected
regions from tumor-distant epithelia is in progress.

DISCUSSION

The work presented is of relevance to the most severe problem
affecting prognosis and management of head and neck cancer patients,
i.e., the occurrence of multiple primary, secondary, and recurrent
tumors (also referred to as field cancerization). In a surprisingly large
number of tumor-distant mucosal biopsies, mostly but not exclusively
from patients with p53-immunopositive primary tumors, we detected

cells or groups of cells overexpressing the p53 protein (Table 2). Some
of these epithelia were histologically inconspicuous but frequently the
p53-positive cells formed the tips of early, mildly dysplastic lesions

(Fig. 1). In all cases examined, the positive p53 immunoreactivity in
these areas was associated with strong expression of the histone H3
gene. H3 expression is tightly regulated within the cell cycle at the
mRNA level, rising to peak levels in late 0,/early S phase and very
rapidly declining in late S phase. In epithelial lesions of the head and
neck, H3 mRNA levels, as detected by ISH, were very low in normal
epithelia and mildly hyperplastic epithelia, which showed signifi
cantly elevated levels only in areas with connective tissue inflamma
tion. In dysplastic and neoplastic lesions, H3 mRNA levels were
higher at the individual cell level and the percentage of H3-expressing

cells closely correlated with the histolÃ³gica! grading, i.e., it was high
est in fast growing, undifferentiated carcinomas. Thus, H3 mRNA
analysis provides an excellent sensitive marker of proliferative activ
ity (Ret. 44 and references cited therein). The observation of increased
proliferation in the tumor-distant cells overexpressing p53, similar to

that seen in invasive carcinoma cells (Fig. 1), allows the conclusion
that overexpression of p53 in tumor-distant cells reflected not a tem

porary cell cycle arrest but rather a loss of cell cycle control.
Furthermore, the p53-positive tumor-distant cells underwent a

change to a more dedifferentiated state, again similarly to the periph
eral cells in SCC. This conclusion is based on the consistent obser

vation of induction of expression of at least one simple epithelial-type
cytokeratin. As represented in Fig. l, g and /, in a number of p53-
positive tumor-distant biopsies we observed induction of ck 8, par

ticularly at the mRNA level; in other cases ck 18 expression was
stronger (data not shown). Cytokeratins 8 and 18 of the catalogue of
human Cytokeratins (46) are not expressed in keratinized areas and are
expressed only in individual cells such as Merkel cells or heteroge-

neously in the basal compartment of nonkeratinized areas of normal
squamous epithelia of the upper aerodigestive tract (42, 43, 46â€”48).

They are, however, consistently detected in squamous cell carcinomas
(46, 47). Although a systematic analysis is still lacking, there is
evidence from several studies on natural as well as experimentally
induced malignant and premalignant epithelial lesions that neoplastic
and dysplastic changes, but not reversible pathological processes like
gingivitis, are associated with a neo-expression of these simple epi
thelial-type Cytokeratins (41, 48, 49). It is specifically noteworthy in

the context of this work that, after injection or transplantation of
immortalized but nontumorigenic human keratinocytes into nude
mice, the expression of ck 8 and/or 18 occurred only in the prolifera
tive phase of these cells. After growth arrest, expression of these
Cytokeratins was down-regulated, whereas expression of ck 19 and ck
1 continued (43). We therefore conclude that the p53 immunopositiv-

ity, together with the expression of the histone H3 gene and of at least
one of the simple epithelial Cytokeratins, represents a significant
change of these cells towards neoplasia.

It will be interesting to determine whether expression of the simple
epithelial-type Cytokeratins, which can be easily monitored by immu-

nohistochemistry using a panel of highly sensitive and specific mono
clonal antibodies, can serve as an independent marker for the process
of multiple tumor development. This would be useful in those cases in
which mutation of p53 is not involved or is not recognized by p53-

specific antibodies.
The analysis of the genetic status of the p53 gene by PCR-SSCP and

PCR-sequencing has confirmed the validity of our concept that the
phenotypic changes observed as early events in head and neck tumor-

igenesis, being detectable even in histologically inconspicuous epi
thelia at significant distance from the primary tumor, were indeed due
to p53 mutations. Single-strand conformation polymorphisms were

observed with similar frequency, compared with the phenotypic
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ACGTACGT
a ,-r

.

ACGT ACGT

Fig. 3. DNA sequence comparison of exon 5 from microdisscctcd regions of the base
of the tongue of patient 3 (left) and a region of the lateral pharynx wall also of patient 3
(righi) (Fig. 2A. lop. lane 7 irr.vH.vlam' 6). a, sequences around codon 176. Upper dot.

additional thymidine hand in cells from the lateral pharynx wall (note also the decrease in
the adjacent guanosine hand); arrowhead timi lower dot. corresponding single wild-type
thymidine hand in cells from the hase of the tongue, h. sequences around codon I4K.
Arrowhead, mutation in codon 148 in a subpopulation of cells from the base of the tongue
region: dot.\. corresponding position in the wild-type sequence of the lateral pharynx wall.

changes observed by gene expression analysis. In fact, the SSCP
findings arc particularly striking because we have clearly detected
different genetic changes in p53 in different tumor-distant mucosal

biopsies from the same patients. Dramatic changes occurred even in
different regions within a single biopsy (Table 3). These experiments

have revealed extensive biological and genetic heterogeneity within
the tumor-distant epithelia, and some of the single-strand band shifts

were probably derived from small subpopulations of cells. Evidently,
such heterogeneity may be an obstacle to the unambiguous identifi
cation of the mutations present. We therefore selected biopsies with
moderate electrophoretic changes in exons 5 (Fig. 3) and 7 (data not
shown) to see whether we could detect the mutations indicated by the
SSCP analysis. As demonstrated in Fig. 3Â«,we could clearly identify
in the sequence derived from the lateral pharynx wall of patient 3 an
additional thymidine band and the concomitant decrease in the gua
nosine band in codon 176 (TGC to TTG, resulting in a amino acid
change from cysteine to leucine), indicating either a heterozygous
state or approximately the same number of cells being wild-type and

homozygous mutant. We are also confident that we have detected in
a minor subpopulation of cells from the base of the tongue, obtained
also from patient 3. a guanosine to adenosine transition, resulting in a
change from GAT/aspartate to AAT/asparagine in codon 148 (Fig. 3/Â»).
Regarding the possibility of sequence errors introduced into two wild-

type alÃelesby the Taq polymerase, one must keep in mind that such
an error would have to occur in the very first cycle to reach a maxi
mum of 25% base substitution. For this reason and because these
genetic changes were found in p53-immunopositive areas, we can rule

out this possibility.
Of the 15 patients represented in Table 2, five have developed

secondary or recurrent tumors within the last 2 years (approximately
30%), two of these have died from multiple secondary tumors (pa
tients 2 and 3), and one has died from distant metastasis.

Our data are of relevance to several aspects of the molecular and
cellular changes occurring during head and neck tumorigenesis. (a)
Together with recent reports on p53 mutations in other organs (for
references, see "Introduction"), the results indicate that p53 mutations

in many cases are early events in tumorigenesis. (b) It has been
proposed that the process of multiple tumor development in the head
and neck region might be initiated by lateral movement of premalig-

nant basal keratinocytes, thus favoring a monoclonal nature for the
development of multiple primary, secondary, and recurrent tumors
(37). However, our analyses of tumor-distant biopsies (where field

cancerization begins) show a markedly discontinuous and multifocal
topography of the cells expressing aberrant p53, on both (he antigen
level (IHC) and the genetic level (SSCP and DNA sequencing), and
therefore strongly argue for a multifocal polyclonal process. This
concept is strongly substantiated by the identification of different p53
mutations in primary and second primary tumors (50). The identifi
cation of the mutations persisting from the tumor-distant mucosa to

primary and secondary tumors will prove this point. These efforts
should also yield information on whether the different dysplastic foci
with mutated p53 progress by clonal expansion, as proposed by Now-

ell (51) and Fidler and Kripke (52) and as recently substantiated for
brain tumors (53). (c) If the current concept that normal p53 is a key
cell cycle checkpoint, arresting cells in G, to allow repair of genetic
damage, is correct, one should expect genetic instability of the tumor-
distant cells harboring mutated p53 (also discussed in Ref. 9). Inter-

phase cytogenetic studies on structural and numerical chromosomal
aberrations in tumor-surrounding epithelia should be useful to address
this question. (<l) Regarding the multifactorial nature of carcinogen-

esis, it seems likely from our data that other genetic changes occur in
the tumor-distant mucosa and contribute to and accelerate the pro

gression of these lesions to solid tumors. At present, there is no
information as to which other tumor suppressor genes might be in
volved. It is to be hoped that recognizing mutations in tumor-sur

rounding biopsy specimens and thereby identifying tumor patients at
high risk of developing additional tumors will eventually improve the
prognosis for these patients.
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