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Abstract

It is well established that a high incidence of
p53 mutations exist in oral cavity squamous
cell carcinomas. The pS3 gene is contained
within 20 kb of cellular DNA located on the
short arm of human chromosome 17 at
17p13.1. Despite the combination of
therapeutic options, there are still a large
number of treatment failures and therefore
major questions remain. Recent
investigations suggest that mutations of the
p53 tumour suppressor gene may account for
some of the therapeutic failures. Inactivation
of the gene may be an important determinant
of the efficiency of today’s multimodal
therapy protocols. In cell culture, malignant
properties can often be reversed by inserting
normal tumor suppressor genes. Normal
(wild-type) p53 is involved in the control of
cell cycle progression as well as in arresting
replication to permit repair in DNA damaged
cells. It may also be involved in restricting
precursor populations by mediating apoptosis
or programmed cell death. Abnormal or
mutant p53 permits the accumulation of gene
mutations and chromosomal rearrangements.



There is experimental evidence showing the
benefits derived from the correction of p53
abnormalities. Replacement of wild type p53
using adenoviral expression vectors in both
human lung cancer cell lines with mutant or
deleted p53 in vitro and in nude mouse
model of orthotopic human lung cancer
resulted in suppression of the malignant
phenotype.

The aim of this study is to estimate the
efficacy of the tumor suppressor gene
wild-type p53 as single-agent gene therapy
for squamous cell carcinoma of the head and
neck (HNSCC). Recombinant
cytomagalovirus (CMV) -promoted
adenoviruses containing the wild-type p53
gene was transiently introduced into
squamous cell carcinoma of the head and
neck cell lines. This first year study has
finished the comparison of p53 mutations of
two oral cancer cell lines TSCCa and GNM,
two normal cells BF and GF, and one
precancer cells OSF. Preliminary sequencing
data suggested the p53 mutations were
correlated with the oncogenesis of oral cells.

Keywords: wild-type p53, tumor suppressor
gene, HNSCC, gene therapy, adenovirus
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p53 is the most commonly mutated gene in
human malignancy, prevalent in cancers of a
wide variety of histogeneses and primary
sites. This wide occurrence of defective p53
derives from 3 properties. First, wild type
p53 is highly vulnerable to dysfunction
caused by even a single base change in the
coding sequence. Second, in contrast with
classical tumor suppressor gene theory a
single abnormal p53 allele or allele loss can
alter phenotype. Depending on the gene
lesion, this manifests by a gene-dose
dependent reduction in certain p53 functions,
a dominant negative inhibition of the
remaining wild type allele’s function, or gain
of a novel function(s) not associated with
wild type. Third, the participation of p53 in
multiple  pathways of  fundamental
importance to carcinogenesis makes it an
Achilles’ heel of cancer suppression, a defect
in which can radically diminish cellular

defences against carcinogenesis.

Developing gene therapy strategies may
provide an opportunity for contemporary
medicine to reasses the way solid malignant
neoplasms are managed. Liu et al. previously
demonstrated that the wild-type p53
adenovirus  (Ad5SCMV-p53)  suppressed
growth of established cell lines of squamous
cell carcinoma of head and neck (HNSCC)
(1). In a microscopic residual disease model
that mimic the post-surgical environment of
patients with advanced HNSCC, the
introduction of exogenous wild-type p53 in
an adenoviral vector prevented the growth of
tumor cells implanted subcutaneously in
nude mice (1). These effects were dependent
on vector dose but independent on the tumor
cell’s endogenous p53 status, wild-type or
mutated (2).

In head and neck of cancer, directly
transferring genes to a microscopic residual
carcinoma is not technically difficult. When
the primary malignant neoplasma are
removed, the tumor milieu is readily
accessible for molecular therapy. Regional
lymphatic dissection also provides access to
the most likely site for residual or occult
disease. Therefore, new means of addressing
microscopic residual disease that use direct
transfer of genes capable of specifically
promoting tumor cell death and sparing
nonmalignant cells may provide desperately
needed improvement in local and regional
control of these cancers (3). The importance
of developing such strategies is emphasized
by the fact that the overall survival rate of
patients with HNSCC has remained
essentially unchanged during the past 30
years. Other solid malignant neoplasms pose
a similar treatment dilemma, and HNSCC
may serve as a model, providing valuable
information that can be translated to different
systems (4).

Mutations of the pS3 gene occur frequently
in a variety of human malignancies. In
experimental models, it has been shown that
re-expression of wild-type p53 in tumors by
DNA-mediated gene transfer suppressed
tumorigenicity (5-7). Gotoh et al. and others
demonstrated that recombinant adenovirus
p53 gene (Ad-CMV-p53) inhibited prostate



cancer growth both in vitro and in vivo
(8-10). The inhibition mediated by
Ad-CMV-p53 is independent of the p53
status of the prostate cancer cell target(10).
These genes function as cell-cycle regulators
by controlling the activity of
cyclin-dependent kinases (CDK) (11). Since
the loss of growth control is a common
feature of malignant transformation, it is
reasonable to hypothesize that deranged CDK
inhibitors will result in the loss of cell growth
control and restoration or expression of CDK
inhibitors, which will suppress tumor growth.

Adenoviruses were used for gene transfer
to liver (19), heart (20), central nervous
system (21), and cancer cells (4,14,22-26).
Adenoviral vector in  current use
accommodates expression cassette up to 7.5
kb. Adenoviruses are large double-strand
DNA virus which are highly efficient at
transferring their DNA into a target cell. This
process is mediated through endocytosis after
adenovirus binds to a specific cell surface
receptor. These vectors enter the cell by
means of two receptors: a specific receptor
for adenovirus fiber and a,Bs(orafBs)
surface integrins that serve as a receptor for
the adenovirus penton. Once inside the cell,
the virus forms a pore in the endosome and
releases the DNA, which translocates to the
nucleus. In wild-type adenovirus this initiates
activation of the viral genome and replication
of adenovirus leading to the lysis of the cell.
The adenoviruses used for gene therapy are
rendered replication defective by removal of
the early 1(E 1) region that is vital for
transformation and viral trans-cription.
Therefor, adenovirus with E1 deletions
replicates only in host cells engineered to
contain this region of the adenoviral genome.
One such cell line, human embryonic kidney
293 cell, was transformed into an immortal
line using the adenoviral E1 region. Deleting
the genetic information from the adenoviral
genome within this and other regions
provides space within the virus to accompany
more than 10 kb of foreign genetic material.
A new recombinant adenovirus encoding a
particular gene of interest is generated by
first cloning the transgene into a plasmid
incorporating an expression cassette and

portions of the adenoviral genome.
Recombination between the plasmid and the
‘backbone’ of the adenoviral genome result
in a virus encoding the desired transgene
(12-17).
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Detection of p53 mutations of TSCCa and
GNM cell lines by PCR-
dideoxyfingerprinting (ddF) sequence.
PCR-ddF was used to detect the mutations
of p53 in TSCCa and GNM cell lines. The
ddF is a hybrid technique which combines
aspects of SSCP and dideoxy sequencing and
was developed to increase the sensitivity of
mutation detection. In ddF, a DNA sequence
of interest is subjected to PCR amplification
and product purification.

Primers used for amplification of the
human p53 cDNA fragment. Full-length
cDNa of p53 was divided into 6 overlapping
fragments. These fragments were modified to
carry desired restriction sites, amplified via
PCR and subcloned in-frame into plasmid
pGEX-KG. Primer sequences used to amplify
p53 cDNA fragments were summarized
below.

Primers/Restriction sites
Sequence

Amplified fragment
Name Nucleotde Lenght
included (bp)

213 5-GGAGATATACCCATGGAGA
GCCGCAG-%’ Ncol
5°-GCCACGGGGGGAGCTCCCT
CTGGCAT-3’ Sacl
P53-SS  162-433 271 5’-TCACTGAAGCCCGGGTCC
AGATGAA-3>  Smal
5’-AATCAACCCAGAGCTCCTA
AGGGCAG-3’ Sacl

P53-SE 383-566 173 5’-GCACGTACTCCCCGGGCCT
CAACAG-3’ Smal
5’-TCCACACGCAGAATTCCTT
ACACTCG-3’ EcoR

P53-XH 561-786 225 5°-ATAGCGATGGTCTAGACCTT
ACACTCG-3’ Xbal
5’-TCCACACGCAGAATTCCTT
ACACTCG-3’ HindIII

P53-NH 749-984 235 5’-AACCGGAGGCCCATGGTCA
CCATC-3’ Ncol
5’-CACGGATCTGAAGCTTGAA
TAATTGT-3’ HindIII

P53-BX 936-1181 245 5°-CAACAACCACCGGATCCTCT

CCCCAGC-3 BamHI

5’-AGCAGCCAACTAAGCTTCCT

-3 HindIII

P53-NS 1-213
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This first year study has finished the
comparison of pS3 mutations of two oral cancer
cell lines TSCCa and GNM, two normal cells
BF and GF, and one precancer cells OSF.
Preliminary sequencing data suggested the p53
mutations were correlated with the oncogenesis
of oral cells. For second year, achieving viral
gene transfer to specific organs for clinical
application will be difficult; however,
particularly as viral titers 10 to 1000 times
higher than those usually attained (typically
10 infectious units per ml) will be necessary
for in vivo strategies(18). Adenovirus vectors
are well suited for in vivo transfer
applications because they can be produced in
high titers(up to 10" viral particles/ml) and
they transfer genes efficiently to
non-replicating and replicating cells. The
transferred genetic information remains
epichromosomal, thus avoiding the risks of
permanently altering the cellular genotype or
insertional mutagenesis (12).
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