
American Journal of Pathology, Vol. 143, No. 5, November 1993
Copynight ©) American Societyfor Investigative Pathology

p53 Gene Mutations and MDM2 Amplification
Are Uncommon in Primary Carcinomas of
the Uterine Cervix

Theodore D. Kessis,* Robbert J. Slebos,t
Sung M. Han,t Keerti Shah,*
Xavier F. Bosch,* Nubia Muioz,*
Lora Hedrick,t and Kathleen R. Chot
From the School ofHygiene and Public Health, * Department
ofImmunology and Infectious Diseases, and the School of
Medicine,t Department of Pathology, Johns Hopkins
University, Baltimore, Maryland, and the Unit ofField and
Intervention Studies,t International Agencyfor Research on
Cancer, Lyons, France

The p53 gene is the mostfrequently altered gene
known thusfar in a wide variety ofhuman can-
cers. Inactivation ofp53, eitherthrough mutation
or through interaction with the human papilo-
mavirus (HPV) E6 oncoprotein, is a character-
istic feature of all cervical carcinoma cel lines
that have been studied. These findings suggest
thatp53 inactivation is requiredfor cervical car-
cinoma development and that HPV infection and
p53 mutation may be mutualy exclusive. We have
studied the p53 gene in 35primary cervical car-
cinomas. DNA sequence and single strand confor-
mational polymorphism analyses were used to
evaluate p53 in 27 squamous carcinomas (25
HPV-positive) and eight adenocarcinomas (four
HPV-positive). A missense mutation ofp53 was
observed in one HPV 16-positive squamous car-
cinoma, demonstrating that p53 mutations can
occur in combination with HPV infectionl The
HPV-negative tumors aU lacked p53 gene muta-
tions. The absence of p53 mutations in HPV-
negative cases prompted an assessment of tu-
mors for MDM2 gene amplifkcation. The MDM2
gene encodes ap53 bindingprotein and has been
found to be amplified in some human tumors lack-
ing P53 mutations. MDM2 amplification was not
identified in any of the tumors we examined, in-
cluding four HPV-negative cases. Our findings
show that HPV infection and p53 gene mutation
are not mutually exclusive and suggest that many

HPV-negative carcinomas may arise via a path-
way independent of p53 inactivation. (Am J
Pathol 1993, 143:1398-1405)

Human papillomaviruses (HPV) have been implicated
in the development of a wide variety of benign and
malignant lesions of the lower genital tract, upper res-
piratory region, and skin. Over 60 distinct viral types
have been identified to date. These viruses can be
grouped as either cutaneous or mucosal and further
subdivided as high- or low-risk types with respect to
their association with malignant neoplasia. In the uter-
ine cervix, the majority of high-grade squamous in-
traepithelial lesions and invasive carcinomas harbor
high-risk HPV types (most notably HPV 16 and HPV
18), whereas low-risk types are more frequently as-
sociated with low-grade squamous intraepithelial le-
sions and benign condylomas.1 Although the vast
majority of primary invasive cervical carcinomas and
high-grade squamous intraepithelial lesions contain
HPV, viral infection is undetectable in a small percent-
age of cases examined.2
The viral genome present in primary cervical car-

cinomas and tumor-derived cell lines is usually found
in an integrated state, often disrupting the El and E2
genes and allowing active expression of the E6 and
E7 transforming genes.3 The E6 and E7 genes have
been found to immortalize primary cells in vitro, but a
fully transformed phenotype is rarely achieved, sug-
gesting the requirement of additional events.67 One
interesting feature of the E6-transforming proteins ex-
pressed by oncogenic HPV types is their ability to
bind the cellular tumor-suppressor protein p53.8 Pre-
vious studies have shown that high-risk HPV E6 pro-
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teins translated in vitro are able to bind wtp53 protein
and mediate its degradation through a ubiquitin-
mediated mechanism.910 This E6-wtp53 interaction
suggests a mechanism through which HPVs might
exert their oncogenic potential in HPV-infected cells.
In tumors that do not harbor HPVs, p53 may be in-
activated by mutation or through alteration of proteins
responsible for mediating p53 function. Little is known
about these normal cellular mediators, but one po-
tential mediator is the MDM2 gene, which encodes a
p53 binding protein. Amplification of this gene has
recently been found in a subset of human sarcomas
lacking p53 mutations.' 112
Two previous studies have analyzed the state of

p53 in cervical carcinoma-derived cell lines.13'14 Mu-
tations of p53 were absent in each of six HPV-positive
cell lines, whereas the two HPV-negative cell lines
tested were both found to contain missense muta-
tions. These findings suggest that 1) E6/wtp53 inter-
actions may be functionally equivalent to p53 muta-
tions and 2) wtp53 is an important target of
inactivation during cervical tumorigenesis, both in
HPV-infected and uninfected cells. To test the validity
of these hypotheses in primary tumors, we examined
35 cervical carcinomas for the presence of HPV se-
quences and p53 gene mutations. Tumors for which
sufficient quantities of DNA were available were also
analyzed for losses of heterozygosity (LOHs) of chro-
mosome 17p, which contains the p53 gene. Three
polymorphic markers in close proximity to the p53
gene were used for this analysis. In addition, this
same group of tumors was analyzed for MDM2 gene
amplification.

Materials and Methods

Tissue and Processing

A group of 16 primary cervical tumors (eight squa-
mous carcinomas and eight adenocarcinomas),
and corresponding normal tissue obtained for each
case, were acquired through the Johns Hopkins
Surgical Pathology Tumor Bank. An additional
group of 19 invasive squamous carcinomas of the
cervix were obtained from a study conducted in
Spain and Colombia.15'16 All tissues were stored
frozen at -80 C until processed. Genomic DNA was
isolated from cryostat sections of frozen primary tu-
mors essentially as described by Fearon et al.17 He-
matoxylin and eosin-stained sections were exam-
ined at regular intervals and used as guides to
dissect away portions of tissue heavily contami-
nated by normal or necrotic tissue. Only regions
containing greater than 75% tumor cells were re-

tained and used to prepare genomic DNA for po-
lymerase chain reaction (PCR) and Southern blot
analyses.

HPV Detection and Typing

A previously described set of consensus primers ca-
pable of amplifying a region of the Li capsid gene
conserved among HPV types was utilized for PCR
detection of HPV.18 Primers flanking a 265-bp region
of the human f-globin gene were included in each
reaction as an internal control for PCR amplification
of target DNA. Genomic DNA from the cell lines SiHa
(HPV 16-positive) and HeLa (HPV 18-positive), rep-
resenting approximately 1,000 copies of viral DNA
template per reaction, were included in each test to
monitor the sensitivity of the assay. Reactions in
which the DNA template was replaced by PCR buffer
alone were interspersed between test specimens as
negative controls. PCR reactions were carried out in
a Coy thermal cycler set to the following parameters:
35 cycles consisting of 30 seconds at 95 C, 30 sec-
onds at 61 C, and 1 minute at 72 C. Reactions (100
pl) contained a mixture of 1 x PCR buffer (Cetus,
Emmeryville, CA), 100 pmol/L of each dNTP, 0.25
pmol/L of each primer, 0.1 pg template DNA and 2.5
U of Taq polymerase (Cetus). PCR products were
electrophoretically separated on 2% agarose gels,
transferred to nylon filters (Zeta Probe GT, Bio-Rad
Laboratories, Richmond, CA) by standard capillary
techniques19 and probed with HPV 6,11,16, and 18
type specific [32P]ATP end-labeled oligonucleo-
tides. 18

Southern blot analysis was performed to confirm
the PCR results in cases where adequate amounts
of tissue were available for isolation of genomic
DNA. Ten pg of genomic DNA from each sample
were digested with the restriction enzyme Pstl, elec-
trophoresed on 1.0% agarose gels, and transferred
to nylon filters. Filters were hybridized successively
at high (10 C below the Tm) and low (37 C below
the Tm) stringency with HPV type 6, 16, 18, and 31
full-length viral genome probes. All probes were la-
beled with [32P]dCTP by the random primer
method.20

For cases in which ethidium bromide staining of
PCR products and/or low stringency Southern hy-
bridization detected HPV sequences but failed to
allow assignment of HPV type, HPV typing was per-
formed by sequencing the HPV Li PCR product es-
sentially as described by Casanova et al.21 The
consensus primers used to generate the PCR prod-
uct were employed as forward and reverse se-
quencing primers.
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E6 Gene Sequencing

The E6 gene from several HPV 16-positive cases
was PCR-amplified utilizing a previously character-
ized set of primers22 then cloned into the Blue
Script/SK vector (Stratagene, La Jolla, CA). Pooled
clones were then sequenced en masse as de-
scribed by Nigro et al.23

RFLP Analysis of Chromosome 1 7p

Allelic loss of the chromosomal arm harboring p53
was evaluated using the probes p144D6,
pYNZ22.1, and pYNH37.3, which detect anony-
mous loci located telomeric to the p53 gene.24 26
Genomic DNA (10 pg) from primary tumors and cor-
responding normal tissue was digested with the ap-
propriate restriction enzyme (Mspl for probes
p144D6 and pYNH37.3; Hinfl for pYNZ22.1), elec-
trophoresed on 1.2% agarose gels, transferred to
nylon, and probed at high stringency essentially as
outlined under HPV detection.

Single Strand Conformational
Polymorphism (SSCP) Analysis of
the p53 Gene

Separate PCR amplifications of exons 5, 6, 7, and 8
of the p53 gene were performed as outlined above
under HPV detection, except that reactions were re-

duced to a volume of 50 p1 and included 0.1 pCi of
[32P]dCTP. This region of the p53 gene was exam-

ined because the majority of mutations identified to
date occur within conserved domains located in
these exons.27 The following intron-derived primers
were used for PCR amplifications: exon 5, 295-bp
product, (sense) 5'gactttcaactctgtctcc3' and (anti-
sense) 5'gagcaatcagtgaggaatc3'; exon 6, 190-bp
product, (sense) 5'tccccaggcctctgattcc3' and (anti-
sense) 5'tgacaaccacccttaaccc3'; exon 7, 192-bp
product, (sense) 5'caaggcgcactggcctcatc3' and
(anti-sense) 5'cacagcaggccagtgtgcag3'; exon 8,
243-bp product, (sense) 5'gatttccttactgcctcttgc3'
and (anti-sense) 5'gtgaatctgaggcataactgc3'. At the
completion of the PCR, 3 pl of each reaction was

removed and added to 100 pl of a solution containing
0.05% sodium dodecyl sulfate, 5 mmol/L ethylenedi-
aminetetraacetic acid, 50% formamide, 10 mmol/L
NaOH, 0.025% bromophenol blue, and 0.025% xy-
lene cyanol. Samples were heated to 95 C for 5
minutes, iced, and 3 pi was loaded onto a 6%
polyacrylamide/5% (w/w) glycerol gel. Following
electrophoresis for 15 hours at 8 watts, gels were

placed on Whattman 3MM paper, dried, and ex-
posed to XAR film (Kodak) for 16 to 72 hours.

p53 Gene Sequencing
A single 1.8-kb genomic fragment containing exons
5 through 8 of the p53 gene was generated by PCR
utilizing the exon 5 sense primer and exon 8 anti-
sense primer described above. Primers included
BamHl and EcoRI restriction enzyme recognition
sequences to facilitate directional subcloning of the
amplified products into the Blue Script/SK vector
(Stratagene). Pools of recombinant plasmids, con-
taining no less than 50 individual clones, were then
sequenced as previously described.2829 Cases
that displayed nucleotide alterations were sub-
jected to verification by a second independent ex-
traction of genomic DNA, followed by PCR amplifi-
cation, cloning, and sequencing as described
above.

MDM2 Gene Amplification

Tumors were evaluated for MDM2 gene amplifica-
tion by Southern blot hybridization. Genomic DNA
(10 g) from paired tumor and normal tissues was di-
gested with restriction enzymes HinAl or Pstl, elec-
trophoresed on agarose gels, transferred to nylon,
and hybridized to a 1.7-kb MDM2 complementary
DNA probe (generously provided by Dr. Bert Vogel-
stein). Autoradiographs were scored by comparing
the MDM2 signal in each tumor with that in its corre-
sponding normal DNA. In keeping with previous
studies,11'12 tumors with fivefold or greater MDM2
signal were considered to have amplified the gene.
Single copy reference probes (pYNZ22.1, p144D6,
and pYNH37.3) were used to control for variations
in sample loading.

Results

HPV Detection

HPV DNA was detected in 29 of 35 tumors following
PCR amplification with the Li consensus primers
and assessment of the electrophoresed products
on ethidium-stained agarose gels. Transfer of the
PCR products to nylon filters and successive hy-
bridization with HPV type-specific oligonucleotide
probes (HPV 6, 11, 16, and 18) revealed the follow-
ing tumor and HPV type distribution: 20 HPV 16-
positive (19 squamous carcinomas and one adeno-
carcinoma), four HPV 18-positive (one squamous
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carcinoma and three adenocarcinomas), and 11
HPV-negative (seven squamous carcinomas and
four adenocarcinomas). The Li PCR products from
five cases that were HPV-negative by hybridization,
but HPV-positive on ethidium bromide-stained gel,
were then directly sequenced to determine the HPV
type present. Of these cases, five HPV types with
significant homology to HPV 16 (two cases), HPV 18
(two cases), and HPV 51 (one case) were detected
(Table 1).
When adequate amounts of tissue were available

for extraction of high molecular weight genomic
DNA, high and low stringency Southern blot hybrid-
izations were performed. The results obtained by
Southern hybridization were in agreement with
those obtained by PCR in that each case positive
by Southern was also PCR-positive. The cases in
which HPV type was determined by DNA sequence

analysis demonstrated varying degrees of cross re-

activity with HPV 16 and 18 probes following low
stringency Southern hybridization (Table 1).

Analysis of 17p LOHs by RFLP Analysis

Because the p53 gene itself contains few known
frequent polymorphisms, allelic losses of 17p were

evaluated using the probes p144D6, pYNZ22.1,
and pYNH37.3, which detect highly polymorphic
loci located telomeric to the p53 gene. Cases were

classified as informative when two alleles were de-
tected at a given locus in the normal tissue of an in-
dividual. Chromosome 17p LOHs were not detected

in any of 18 cases informative with at least one

marker (Table 1, Figure 1).

Detection of p53 Mutations by SSCP and
DNA Sequence Analyses

SSCP analysis takes advantage of the unique sec-

ondary structure assumed by each strand of a DNA
duplex upon electrophoretic separation under non-

denaturing conditions.30 Melting of the duplex un-

der denaturing conditions followed by polyacryl-
amide gel electrophoresis under nondenaturing
conditions results in the resolvable separation of the
coding and noncoding DNA strands. Single base
pair substitutions, which alter the secondary struc-
ture and mobility of individual DNA strands, can be
detected when compared to DNA with wild type se-

quence (Figure 2). The p53 genes in all 35 tumors
were evaluated by SSCR Initially the p53 gene was

cloned and sequenced from 16 tumors. In every

case, the SSCP and sequencing results were in to-
tal agreement (Table 1), and subsequent cases

showing no SSCP band shifts were not subjected to
additional sequence analysis.

Variations in exon 6 of the p53 gene were de-
tected by SSCP analysis in two tumors (Table 1).
DNA sequence analysis of exon 6 revealed an A to
G nucleotide substitution at codon 213 in one HPV
18-positive adenocarcinoma (Table 1, case C-29).
This change was also detectable in the normal tis-
sue of this individual and represents a silent (no
amino acid change) sequence polymorphism

Table 1. Tumor Type, HPV Type Detected, andp53 Gene Status in 35 Primary Cervical Carcinoma

HPV type detected

No. Type PCR Southern p53 Gene statust 17p LOH MDM2 amplification

C-1 thru C-4 Squamous 16 16 wt (-) (-)
C-5 Squamous 16 16 214T -Gt (-) ND
C-6 thru C-18 Squamous 16 ND wt ND ND
C-19 thru C-20 Squamous 16§ 16§ wt ND ND
C-21 Squamous 16 16 wt (-) (-)
C-22 Squamous 18 18 wt (-) (-)
C-23 Squamous 18§ 18§ wt (-) (-)
C-24 Squamous 18§ 18§ wt (-) (-)
C-25 Squamous 51§ 16/18§ wt (-) ND
C-26 Squamous (-) ND wt ND ND
C-27 Squamous (-) ND wt ND ND
C-28 Adenoll 16 16 wt (-) (-)
C-29 Adeno 18 18 213 A--G (-) ND
C-30 Adeno 18 18 wt (-) (-)
C-31 Adeno 18 18 wt (-) (-)
C-32 thru C-35 Adeno (-) (-) wt (-) (-)

Southern blot hybridization was performed to confirm PCR results when adequate tissue was available.
t p53 gene status as determined by SSCP or DNA sequence analysis.
t T to G missense mutation at codon 214 (His to Gln) in exon 6 of the p53 gene.
§ HPV 16, 18, or 51 related type as determined by low stringency Southern hybridization and confirmed by sequencing of the HPV Li PCR

product. Specific HPV types were not assignable.
II Group of adenocarcinomas includes one clear cell carcinoma.
¶ Silent A to G polymorphism at codon 213 in exon 6 of the p53 gene.
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Figure 1. An example of RFLP analysis performed to detect LOH on

chromosome 17p in the vicinity of thep53 locus. Fourprimary cervi-
cal tumors and normal tissue from the same individuals hybridized
with the probe pYNZ22.1 are shown. Comparison between the num-

ber of alleles present in the tumor and normal tissue reveals that case

1 is not informative at this locus. Cases 2 through 4 are informative
and show no allelic losses.

present in approximately 5% of the population.31 A
missense mutation (T to G) affecting codon 214 and
resulting in an amino acid substitution (histidine to
glutamine) was detected in one HPV 16-positive
squamous carcinoma (Table 1, case C-5 and Figure
3). This mutation seems to affect only one allele of
the p53 gene because both the wild type nucleotide
(T) and mutant nucleotide (G) are detectable at the
same position in the sequencing gel. Alternatively,
the wild type nucleotide present at this position may
represent PCR amplification of wtp53 from normal
cells contaminating this tumor sample. This possi-
bility is unlikely because this sample was highly en-

riched for tumor (approximately 95%).
Because the interaction between E6 and wtp53

seems to be an important consequence of HPV in-
fection, the unexpected finding of a p53 mutation in
an HPV 16-positive tumor led us to examine the E6
gene present in this case. DNA sequence analysis
detected an A to G transition at codon 10 (arginine to
glycine) and a T to G transversion at codon 83 (leu-
cine to valine). Whereas these sequence alterations
probably reflect minor variations in highly related vi-
ral types, the codon 10 alteration is of particular in-
terest because this codon is in a region of E6 found
to be critical for mediating p53 degradation.9

MDM2 Gene Amplification

The absence of p53 gene mutations in our HPV-
negative tumors prompted us to look for alterations

Figure 2. SSCP analysis of the p53 gene. The three bands resolved in
each gel represent the coding strand of the DNA duplex (S), the non-

coding strand (S), and reannealed double stranded DNA (D). Shifts
in mobility represent single base-pair deviationsfrom the wild type se-

quence. A change in the nucleotide sequence was detected in exon 6
of the p53 gene in one HPV 16-positive squamous carcinoma (case
C-5 marked by an arrow). The colorectal carcinoma cell line SW83 7,
which also contains an exon 6 mutation, was included as a positive
control (C).

of the MDM2 gene in this set of primary cervical
carcinomas. Southern blot hybridization failed to
identify amplification or rearrangement of MDM2 in
any of 15 cases for which adequate quantities of
high quality genomic DNA were available (Table 1).
A summary of tumor type, 1 7p LOHs, p53 gene mu-

tations, and MDM2 amplification in our HPV-positive
versus HPV-negative tumors is presented in Table 2.

Discussion

The cellular tumor suppressor gene p53 is the most
frequently mutated gene identified to date in a wide
spectrum of human cancers.27 Until recently, little
was known about the function of wtp53 within the
cell. Kastan et al have recently shown that wtp53
plays a central role in the temporary inhibition of
replicative DNA synthesis observed in normal cells
following DNA damage.3233 Normal mammalian
cells exhibit G1 cell cycle arrest and inhibition of
replicative DNA synthesis following DNA damage.

C
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Figure 3. DNA sequence analysis of exon 6 of the p53 gene. (Left)
The HPV 16-positive squamous cell carcinoma, case C-5. A missense
mutation (T to G transversion) affecting codon 214, which results in
a change in amino acid sequence from histidine to glutamine, was
detected. (Right) Wild type p53 sequence shown for comparison.

Table 2. Summary ofMolecular Characterization of
Primary Cervical Tumors

HPV-positive* HPV-negativet
No. No. No. No.

tested positive* tested positive*
17p LOH 14 0 4 0
p53 mutation 29 1 6 0
MDM2 11 0 4 0

amplification

Twenty-five of 27 squamous carcinomas and four of eight ad-
enocarcinomas were HPV-positive.

t Two of 27 squamous carcinomas and four of eight adenocar-
cinomas were HPV-negative.

This mechanism, mediated by transient increases in
wtp53, may be a protective physiological response
that preserves the integrity of the DNA template by
allowing cells to undertake DNA repair and avert the
fixation of mutations in daughter cells. Cells lacking
wtp53 or expressing mutant p53 fail to arrest in re-
sponse to DNA damage. The inhibition of DNA syn-
thesis associated with the normal cellular response
to DNA damage can also be disrupted by expression
of E6 proteins encoded by high-risk HPV types.
This observation suggests a plausible mechanism
through which HPV may predispose infected cells to
the accumulation of genetic alterations necessary for
cervical tumor progression. Such a scenario is con-

sistent with our current understanding of the mul-
tistep nature of tumorigenesis.35

The interaction of viral oncoproteins such as sim-
ian virus 40 T-Ag, adenovirus E1 b, and HPV E6, with
p53 protein provides a mechanism to inactivate p53
functionally and may bypass the need for p53 gene
mutations. Alteration of genes encoding cellular me-
diators of p53 function, such as MDM2, may also
bypass this need. The detection of p53 mutations in
HPV-negative cervical carcinoma cell lines and ab-
sence of p53 mutations in HPV-positive cell lines
further support the notion that p53 is an important
cellular target within the HPV-infected cell.13'14 Two
previous studies36,37 found p53 mutations in HPV-
negative primary carcinomas, suggesting that the
observations in cervical cancer cell lines could be
extended to primary tumors and that inactivation of
p53 is an obligatory event in cervical tumorigenesis.
However, together these studies examined only nine
HPV-negative cases.

Our results suggest that mutation of the p53 gene
is not always required in HPV-negative tumors and
may occasionally occur in HPV-positive tumors. In a
similar study,38 Fujita et al identified mutations of
p53 in two HPV-positive carcinomas and no muta-
tions in seven HPV-negative cases. Allelic losses of
p53 were not found in any of 10 informative cases.
In combination with our study, 13 HPV-negative cer-
vical carcinomas were found to lack p53 mutations
in the most frequently mutated portions of the gene.
Many HPV-negative cervical tumors may therefore
arise through pathways entirely independent of p53.
The absence of MDM2 gene amplification in these
tumors further supports this notion. Clearly, other
cellular mediators of p53 function must be evalu-
ated as they are identified. For instance, the radia-
tion inducible gene GADD45 has been demon-
strated to be a target of transcriptional activation by
wtp53 and thus may serve as such a target for inac-
tivation during tumor development.39

The detection of a p53 mutation in an HPV-
positive cervical carcinoma led us to examine the
E6 gene expressed in this case. We speculated that
this p53 mutation may have arisen through selective
pressure brought on by a functionally inactive E6
variant. Examination of E6 in this tumor revealed a
missense nucleotide substitution in one domain of
the protein implicated in mediating degradation of
p53. However, ongoing functional studies have not
yet demonstrated that this E6 variant is defective.
Furthermore, this E6 sequence variation is not
unique to this case nor limited to tumors with mutant
p53 genes (Slebos et al, unpublished data). The oc-
currence of p53 mutations in HPV-positive cervical

T G C A
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carcinomas may confer a growth advantage to the
affected cells of these tumors, in addition to that
gained by the interaction of E6 with wtp53. Charac-
terization of p53 mutations occurring in HPV-
positive cases may yield insight into the functional
domains of p53 that are required for the interaction
of p53 with E6 or other cellular proteins.

Numerous studies have documented frequent
mutations in the p53 gene in a wide variety of hu-
man tumors. The majority of cervical carcinomas
contain integrated HPV and express E6 oncopro-
teins. Accumulating evidence suggests that the E6-
p53 interaction inactivates wtp53 in HPV-infected
cervical epithelium and therefore provides the func-
tional equivalent of p53 gene mutations in these
cells. Our study supports this hypothesis, as the
great majority of HPV-positive squamous carcino-
mas were found to lack mutant p53 genes. In con-
trast to some previous studies, the HPV-negative
cervical carcinomas in our series also lacked p53
gene mutations. This finding, in addition to absence
of MDM2 amplification, suggests that the develop-
ment of many HPV-negative carcinomas does not
require inactivation of the p53 gene and may there-
fore arise through p53-independent pathways.
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