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Abstract We have examined a series of 37 oropharyn-
geal squamous cell carcinomas for the presence of HPV
6/11, 16, and 18 DNA by polymerase chain reaction
(PCR)/Southern blotting and for p53 alterations by im-
munohistochemistry and mutation screening with tem-
perature gradient gel electrophoresis (TGGE). HPV se-
quences were found in a total of 26 of 37 cancers
(70.3%), most frequently HPV 16 (20/37) followed by
HPV 18 (11/37). Double infections with HPV 16 and 18
were present in 5 tumours. p53 accumulation was detect-
able immunohistochemically in 21 of 37 carcinomas
(56.8%). There were remarkable differences in the distri-
bution of immunoreactive tumour cells in relation to the
tumour grade. A mutation screening for p53 by TGGE,
directed to the amplified exons 5-8, revealed p53 muta-
tions in 14 of 37 carcinomas (37.8%). Mutations in two
different exons were present in 3 tumours, 11 tumours
being hit once. Exon 7 was mutated in 6 carcinomas, ex-
ons 5 and 8 in 4 cases, and exon 6 in 3 cases. When
grouping the tumours with p53 mutation according to
their HPV state, HPV-positive cases showed slightly
more mutations (11/26) than HPV-negative cases (3/11).
Only 5 of 37 carcinomas (13.5%) contained neither HPV
DNA nor p53 alterations. Our results indicate that high-
risk HPV and p53 mutations frequently coexist in oro-
pharyngeal carcinomas, in confrast to genital tumours,
notably carcinomas of the cervix uteri. This may reflect
different pathways in carcinogenesis in squamous cell
epithelium from different sites.

M. Barten (34) - Ch. Ostwald - Y. Wukasch
Department of Pathology, University of Rostock,
Strempelstrasse 14, D-18055 Rostock, Germany

P. Miiller
Department of Internal Medicine, University of Rostock,
Germany

Th. Loning - K. Milde-Langosch

Department of Gynaecological Histopathology
and Electron Microscopy, University of Hamburg,
Germany

Key words Papillomavirus - p53 -
Oropharyngeal carcinoma - Polymerase chain reaction -
Temperature gradient gel electrophoresis

Introduction

Smoking and high alcohol consumption are well-known
risk factors for oropharyngeal cancer [2, 19, 26]. Possi-
ble involvement of viruses in the induction of these
tumours has been discussed for many years and in the
last decade viral factors have attracted further interest
when human papillomaviruses (HPV) detected in oro-
pharyngeal tumours with increasing frequency, especial-
ly using polymerase chain reaction (PCR)-based DNA
detection techniques [27, 29, 37, 39]. Now it seems well
established that more than half of the oral carcinomas
contain HPV DNA, predominantly of high-risk types.
The possible oncogenic actions of HPV have mainly
been investigated in carcinomas of the cervix uteri and
their cell lines. It was found that the continuing expres-
sion of the E6/E7 ORF of high-risk HPV was necessary
for the maintenance of the malignant phenotype and
tumourigenicity of cervical carcinoma cell lines [41].
These viral proteins can exert their oncogenic potential
by complexing and inactivating the products of the reti-
noblastoma tumour suppressor gene (Rb) and the p53
gene [21, 33, 38]. This results in the disruption of the
cell cycle guardian function of these genes and allows
cell cycle progression following DNA damage [18].
Mutation of a tumour suppressor gene and loss of the
wild-type allele is another pathway of abrogating natural
tumour suppressor functions. Mutations in the tumour
suppressor gene p53 are frequently found and operate in
a dominant manner in many cancers of different histo-
genesis [20], but it is very rare in HPV-positive squa-
mous cell carcinomas of the cervix uteri [10, 11, 16, 22,
24, 33, 38]. The present state of knowledge is even sug-
gestive of an inverse relationship between HPV infection
and pS53 mutations in these tumours. It is thought that
P53 inactivation in HPV-positive cervical squamous cell
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carcinomas is caused by interaction with HPV E6 onc-
ogen products and this may lead to an accumulation of
additional genetic abnormalities, which could frigger, to-
gether with host factors, the multistep process of car-
cinogenesis [41].

In the present study we investigated the frequency and
coexistence of HPV DNA of the types 6/11, 16, and 18
and p53 alterations in oropharyngeal carcinomas. HPV
detection was done by PCR/Southern blotting. p53 alter-
ations were studied by immunocytochemistry and muta-
tion screening with temperature gradient gel electropho-
resis (TGGE).

Materials and methods

Tissue specimens were obtained immediately after surgical remov-
al or excision of oropharyngeal cancer. Unfixed specimens for
DNA preparation were frozen and stored in liquid nitrogen. For
immunohistochemical staining formalin-fixed and paraffin-embed-
ded tissue specimens were used. Tissue from HPV-positive carci-
nomas of the cervix uteri served as positive controls for HPV anal-
ysis. Samples of the tumour cell lines A 431 (mutated in exon 8)
and CEM (mutated in exon 5 and 7) and DNA from a squamous
cell carcinoma (mutated in exon 6) were used as positive controls
in the p53 mutation screening.

For immunohistochemical p53 detection 4-um thick sections
were cut from paraffin-embedded tumour samples, dewaxed in
xylene and rehydrated in a series of alcohols. A pretreatment
for antigen retrieval was done by microwave heating in citrate
buffer (pH 6.0) for 15 min at 900 W. Endogenous peroxidase was
inhibited with 1% hydrogen peroxide and nonspecific binding
blocked with normal rabbit serum. Sections were incubated with
the mouse monoclonal p53 antibody DO1 (Ab-6, Oncogene Sci-
ence, Uniondale, N.Y.) detecting mutated and wt p53, at a dilution
of 1:100 for 60 min. The antibody DO1 reacts with an epitope be-
tween amino acids 37 and 45 located near the amino terminus of
p53. After washing with PBS, sections were incubated for 30
min with biotinylated rabbit antimouse IgG (Dianova, Hamburg,
Germany) and incubated with avidin biotin peroxidase complex
(Vectastain Elite ABC Kit, Vector Laboratories, Burlingame,
Calif.) for 30 min. The enzyme reaction was developed for 5 min
with diaminobenzidine tetrahydrochloride diluted in hydrogen per-
oxide substrate. Finally the sections were counterstained with hae-
matoxylin, dehydrated and mounted in Pertec (Medite, Burgdorf,
Germany). Omission of primary antibody was used as negative
and a p53 immunoreactive squamous cell carcinoma as positive
control. The percentage of positively stained nuclei was calculated
by counting 500 nuclei in each slide. A semiquantitative grading
system was used, with the following criteria: — no immunoreaction,
+ less than 10% of tumour cells stained, ++ 10-30% of tumour
cells stained, +++ more than 30% of tumour cells stained.

The procedure of DNA extraction was described in detail previ-
ously [29]. High molecular weight DNA from tissue samples was
prepared by digestion with a solution of 0.01 M TRIS-
HC1/0.005 M EDTA (pH 7.8) containing 1% N-lauroylsarcosin,
500 pg/ml proteinase-K and 400 pg/ml RNAse. The DNA was ex-
tracted with phenol/chloroform/isoamylalcohol (50:49:1), precipi-
tated by ethanol, air dried, redissolved in 0.01 M TRIS-
HC1/0.001 M EDTA (pH 8.0), and characterized by ultraviolet
spectrophotometry and agarose gel electrophoresis.

HPV DNA was detected by PCR using primers specific for
HPV 6/11 [12], HPV 16 [37], and HPV 18 [35]. The amplification
of HPV target sequences was carried out in 25 ul of a reaction
mixture containing 0.5-1.0 ug of genomic DNA, 50 mmol/l KCl,
10 mmol/l TRIS-HCI (pH 8.3), 1.5 mmol/1 MgCl,, 200 umol/l of
each nucleotide dATP, dCTP, dGTP and dTTP, 0.5 umol/l of each
primer and 1 U of Tag DNA polymerase (Perkin Elmer, Uberlin-
gen, Germany). The samples were subjected to 40 cycles of ampli-

fication under the following conditions: denaturation for 1 min at
94°C, annealing for 2 min at 40°C for HPV 6/11, 30 s at 64°C for
HPV 16, 2 min at 45°C for HPV 18, and extension for 2 min at
72°C. The cycling procedure was preceeded by 5 min at 94°C and
finished by an additional extension for 3 min at 72°C. The
products were analysed on 2% agarose gel, Southern blotted and
hybridized with digoxigenin-labelled type-specific probes for
HPV 6/11 [12], HPV 16 [37], HPV 18 [35]. The hybrids were de-
tected by chemiluminescence using a nucleic acid detection assay
(Boehringer, Mannheim, Germany). To prove the presence of
amplificable DNA in the DNA extractions, all of them were ampli-
fied with primers for the human betaglobin gene.

The procedure of screening for p53 mutations by TGGE was
described in detail by Scholz et al. [34]. DNA of the exons 5, 6, 7,
and 8 were amplified separately by PCR using the following prim-
ers: forward (GC40) nt 13040-13059, reverse nt 13281-13261
(exon 5), forward (GC40) nt 13261-13281, reverse nt
13447-13428 (exon 6), forward (GC40) nt 13992-14013, reverse
nt 14125-14105 (exon 7), and forward nt 14438-14459, reverse
(GC40) nt 14612-14591 (exon 8). The PCR was performed using
50 ul of a reaction mixture containing 0.5 g of genomic DNA,
50 mmol/l KCl, 1.5 mmol/l MgCl,, 10 mmol/l TRIS-HCI
(pH 8.3), 100 umol/l of each nucleotide dATP, dCTP, dGTP and
dTTP, 10 pmol of each primer, and 1 U of Taq DNA polymerase
(Perkin Elmer). Samples were subjected to 40 cycles of amplifica-
tion, using the following cycling programs: denaturation for 30 s
at 94°C, annealing for 30 s at 55°C for exon 5 and § or 60°C for
exon 6 and 7, and 1 min extension at 72°C. To test the efficacy of
these procedures 10 ul of the PCR products was electrophoresed
on 2% agarose gel; then the PCR products were purified by extrac-
tion with phenol/chloroform/isoamylalcohol (25:24:1), precipita-
ted with ethanol, and redissolved in 10-30 wl TGGE running buff-
er (20 mM MOPS, 1 mM EDTA pH 8.0). Five microlitres of the
purified PCR products mixed with 0.5 pl dye solution containing
0.5 mg/ml bromphenol blue and 0.5 mg/ml xylencyanol FF were
taken for TGGE, using the TGGE system from Diagen (Hilden,
Germany). The probes were loaded into a 8% polyacrylamide gel
(8 M urea, 20 mM MOPS, 1 mM EDTA pH 8.0, and 2% glycerol)
after a prerun of 30 min at 250 V and 20°C to equilibrate the
system. The TGGE was performed under the following conditions:
run-in time (20°C) 15 min for exon 5, 100 min for exon 6, 30 min
for exon 7 and 180 min for exon 8, temperature gradient 55-75°C
(exon 5), 35-68°C (exon 6), 40-75°C (exon 7) and 40-78°C (exon
8), running time 3 h 45 min (exon 5), 2 h 50 min (exon 6), 2 h
30 min (exon 7), and 3 h (exon 8). Resulting DNA bands were vi-
sualized by silver staining (Diagen).

Results

Our study included 33 oral and 4 pharyngeal carcinomas,
all of which were classified histopathologically as squa-
mous cell carcinomas. Twenty-nine patients were male
and 8 were female, with a mean age of 58 years (range,
39-88). Most frequently G2 tumours were found
(22/37). Thirteen tumours were G1 and 2 were G3. One
oral tumour dedifferentiated within 1 year to a spindle
cell carcinoma. The tumours were preferentially local-
ized in the floor of the mouth (14/37), followed by the
lower lip (7 cases), buccal region (5 cases), tongue (4
cases), palate (3 cases), and hypopharynx (4 cases). Ac-
cording to size and local extension 11 tumours were stage
pT1, 12 were pT2, 5 were T3/pT3, and 9 were T4/pT4.
HPV DNA of the high-risk types 16 and 18 were de-
tected in 26 out of 37 oropharyngeal carcinomas (70.3%)
with PCR/Southern blot analysis. HPV 16 was present in
20 (54.1%) and HPV 18 in 11 tumours (29.7%), of
which 5 tumours were positive for both HPV 16 and 18.
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Fig. 1 Southern blot analysis of HPV 16 polymerase chain reac-
tion (PCR) products visualized by chemiluminescence. HPV 16
positive carcinomas in lanes 1, 3, and 7; -, negative control; +,
positive control (squamous cell carcinoma of the cervix uteri); M
molecular size marker

Table 1 HPV DNA detection with PCR/Southern blot analysis in
oropharyngeal squamous cell carcinomas

HPV negative HPV positive
16 18 16and18 16and6/11 Total
11 (29.7%) 14 6 5 1 26 (70.3%)
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Fig. 2 Well differentiated oral squamous cell carcinoma with p53
immunoreactivity of the outer layer of the tumor cell aggregates.
(ABC peroxidase, x120)
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Fig. 3 Poorly differentiated oral squamous cell carcinoma with
diffuse nuclear p53 immunoreactivity. (ABC peroxidase, x320)
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One tumour harboured both HPV 6/11 and 16. We found
similar rates of HPV-positive and negative cases in dif-
ferent regions of the oral cavity and pharynx, with the
exception of the buccal region where all examined
carcinomas were HPV positive. There were no clear cor-
relations between HPV status, histopathological tumour
stage, and grade.

Immunohistochemically detectable amounts of p53
protein in an intranuclear position were present in 21 of
37 tumours (56,8%). The immunostaining was estimated
as ++ in 9 tumours, +++ in &, and + in 4. G1 tumours
displayed a typical zonal distribution of immunoreactivi-
ty. The outer layers of tumour cell nests were positive
and the central higher differentiated parts negative. In
contrast p53-positive G3 carcinomas showed a diffuse
distribution of immunoreactive tumour cells and in G2
carcinomas an intermediate pattern was present. Ac-
cording to these tumour grade related differences high
numbers of p53 positive tumour cells were detectable
only in G2 and G3 carcinomas. Immunoreactivity for
p53 was found in 15 of 26 HPV-positive carcinomas and
6 of 11 HPV-negative cases. There was no clear correla-
tion of p53 immunoreactivity to pT/T stage and tumour
site.

A p53 mutation results in the occurrence of 4 bands in
the TGGE due to formation of 2 homoduplices and 2
heteroduplices by amplification, denaturation, and re-
naturation of both mutated and nonmutated p33 allelle.
This pattern was present in 14 of 37 carcinomas (37.8%).
In 11 carcinomas one exon was mutated and two exons
were altered in 3 tumours. Most frequently exon 7 was
involved (6) followed by exon 5 and 6 (4), and exon 8§
(3). In 2 of 14 carcinomas with p53 mutation no p53 im-
munoreactivity was found. There were 9 tumours with
p53 protein accumulation without detectable p53 muta-
tion. Both p53 mutation and p53 immunoreactivity were
found in 12 tumours. Mutations of p53 were present in
11 of 26 HPV-positive carcinomas and 3 of 11 HPV-neg-
ative tumours. There were no HPV type specific differ-
ences between tumours with and without p53 alterations.
Only 5 carcinomas had neither HPV DNA nor p53 alter-
ations. Overall we found a slight accumulation of p53 al-
terations in HPV-positive cases.

Discussion

With adequately designed PCR/Southern blot analysis it
has been found by our group and other investigators that
oral carcinomas contain high-risk HPV DNA in more
than 50% of cases [29, 37, 39]. In our study 3 of 4 carci-
nomas of the pharynx were also positive for high-risk
HPV DNA. This and results of Watts et al. [37] are com-
patible with the assumption of a similar rate of HPV in-
fections in pharyngeal carcinomas and in oral carcino-
mas. The role of HPV as an aetiological factor in oro-
pharyngeal carcinogenesis is not as thoroughly investi-
gated as for carcinomas of the cervix uteri. Some results
indicate that differences exist between these tumours
with respect to their HPV state. The studies of Chang et
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Fig. 4 Polymerase chain reaction (PCR)/temperature gradient gel
electrophoresis (TGGE) analysis of exon 7 of p53. Four distinct
bands indicate a mutation in two oral carcinomas (lanes 6 and 7).
+ positive control tumor cell line CEM, - negative control (none
DNA)

al. [8] and Watts et al. [37] point out that HPV DNA of-
ten remains in an episomal state in oral carcinomas, in
contrast to the frequent integration events in carcinomas
of the cervix uteri. Furthermore our own findings are
suggestive of a lower copy number of HPV DNA in oral
carcinomas [29]. It is thought that the expression of the
HPV oncogenes E6 and E7 is closely related to the
tumourigenic potential of HPV 16 and 18. The E6 and
E7 oncoproteins inactivate the proteins encoded by the
retinoblastoma tumour suppressor gene and the p53 gene
[21, 32, 38] and these events probably play a major role
in the development of carcinomas of the cervix uteri.
Whether this is also true for oropharyngeal carcinomas
has not been studied in detail. In view of these data and
unresolved problems it seems questionable whether HPV
is as operative in oropharyngeal carcinomas as it is in
cancer of the cervix uteri.

Some differences between oropharyngeal and cervical
squamous cell carcinomas become evident when looking
at their epidemiology. Cancer and precancer of the cer-
vix uteri occur mostly in young and middle-aged individ-
uals and are related to sexual behaviour. Oropharyngeal
carcinomas arise predominantly in the elderly and are re-
lated to alcohol consumption and smoking habits [1, 2,
19, 26]. Critical targets of genomic alterations by chemi-
cal carcinogens include tumour suppressor genes and the
p53 gene, acting as cell-cycle check point by the induc-
tion of growth arrest or apoptosis in DNA damaged cells,
is found to be altered at a high rate in common malig-
nancies, such as colorectal cancer and small cell carci-
noma of the lung [25]. But there are also tumours with a
very low rate of p53 alterations, including squamous cell
carcinomas of the cervix uteri, especially HPV-positive
cervical carcinomas [10, 11, 16, 22, 24, 30, 33, 38]. Mis-
sense p53 mutations convey much more stability to the
encoded protein compared with wt p53, resulting in an
intensive immunoreactivity in most cases [5, 40], but
frame shift mutations or newly inserted stop codons
abolish p53 expression and lead to negative immunohis-
tochemical reactions as in most tissues with wt p53 [6].
Although less frequent, p5S3 immunostaining may also
become detectable in the absence of mutations, due to
epigenetic influence on protein processing, and it is also

affected by tissue fixation, and embedding [14]. These
explanations could be the basis of p53 immunoreactivity
of nonmutated tumours in our study. In our experience
antigen retrieval by microwave heating is a useful step to
improve immunocytochemical reactivity and to diminish
equivocal results, but in preliminary studies we found no
complete p53 nonreactive tumour that became positive
after additional antigen retrieval. According to our results
the published immunohistochemical data display up to
60% of p53 immunoreactive squamous cell carcinomas in
the upper acrodigestive tract [13, 15, 17, 36]. The detec-
tion of p53 overexpression in a high rate of betel- and to-
bacco-related human oral dysplasias and squamous cell
carcinomas [23] and the predominant occurrence of p53
accumulation in oral carcinomas of smokers [13] point to
the actiological relevance of these exogenic factors.

For detecting p53 mutations we used the TGGE as
screening method. We have previously shown that the
TGGE technique has some advantages in comparison to
the widely used SSCP, particularly in the visualization of
gel shifts and extra bands [34]. Mutant p53 was discov-
ered in the present series of oropharyngeal carcinomas in
14 of 37 tumours (37.8%). This rate is within the range
of the small number of other studies on oropharyngeal
carcinomas [3-6, 9, 31]. Frequently the G-nucleotide is
the site of point mutations, providing further evidence
that chemical carcinogens in tobacco smoke play a major
role in the actiology of these tumours [3, 6].

We have shown that p53 mutation and HPV DNA in
oropharyngeal squamous cell carcinomas are not inverse-
ly correlated as is regularly observed in carcinomas of
the cervix uteri. Our results clearly demonstrate that only
a small subset of oropharyngeal carcinomas were nega-
tive for both HPV DNA and p53 alterations. For the
great majority of oropharyngeal carcinomas two alterna-
tive or cooperative pathways of p53 alteration may be ac-
tive. It is tempting to speculate that in HPV-positive
tumours with a p53 wild-type state, native suppressor
functions are abrogated by interaction with HPV E6 and
consecutive degradation of p53-E6 complexes via the
ubiquitin pathway [21, 33, 39]. In the heterozygous or
homozygous mutant state, the dominant oncogenic effect
of mutant p53 may override the p53 inactivation by HPV
oncogenes. In accordance with the results of Chang et al.
[7] on oesophageal tumours our findings indicate re-
markable differences in the concomitant presence of p53
mutations and HPV DNA between squamous cell carci-
nomas of the genital tract, especially of the cervix uteri,
and the upper aerodigestive tract. This could reflect dif-
ferences in the aetiology of squamous cell carcinomas of
different sites. The frequent occurrence of both p53 mu-
tations and HPV DNA in oropharyngeal carcinomas is
suggestive of a stronger influence of chemical carcino-
gens in oncogenesis, in comparison with the probably HPV
dominated aetiology of carcinomas of the cervix uteri.
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