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ABSTRACT

Cancer a general name for a group of more than 100 diseases is characterised by excessive and
uncoordinated growth that persists in the same excessive manner after cessation of the stimuli which
evoked the change. With a remarkable worldwide incidence oral squamous cell carcinoma commonly
referred as oral cancer is one among the group that has a fairly poor prognosis. Despite advances in
surgery, radiotherapy, and chemotherapy, the survival of patients with oral squamous cell carcinoma
has not significantly improved over the past several decades. A novel approach to treatment that is
currently being investigated is GENE THERAPY. Gene therapy essentially consists of introducing
specific genetic material into target cells without producing toxic effects on surrounding tissue.
Different treatment approaches are revealed for cancer gene therapy; gene addition therapy, suicide
gene therapy, immunotherapy. In this paper different types of gene therapies are discussed along with

an insight into future of this treatment modality.
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INTRODUCTION

Head and neck cancers constitute the
sixth most common malignancy ™ affecting
mankind globally. Among them the vast
majority  (>90%) are squamous cell
carcinomas. Oral cancer (OSCC, Oral
Squamous Cell Carcinoma) is a genetic
disease in which the genes that control cell
growth and apoptosis are mutated, allowing
cells to acquire the ability to invade and
metastasize. ' More than 300,000 new
cases worldwide are being diagnosed with
oral squamous cell carcinoma annually. This
aggressive  epithelial  malignancy s
associated with severe morbidity and less

than 50% long term survival despite
advances in treatment with surgery,
radiation, and chemotherapy. The poor

prognosis of oral cancer has not improved
significantly over the last 4 decades. [
Local and/or regional recurrence develops

in approximately one-third of the patients
despite definite treatment.

The failure to conventional therapy
occurs because in case of extensively large
tumors it may be difficult to clear the
margins or some tumors are remarkably
resistant to radiotherapy or chemotherapy.
Unacceptable degree of toxicity and
bystander damage to normal tissue occurs if
we increase the dose of radiation or
chemotherapeutic drug. Combinations of
current treatment modalities have been
moderately successful, but often these
combination therapies cause unacceptable
toxicity without increasing the survival rate
of patients. The major drawback for this
conventional treatment is a lack of
specificity for the tumor cells and toxicity to
the normal tissues. 1!

New therapies, such as gene therapy,
are being explored, for head and neck
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cancer. The goal of gene therapy is to
introduce new genetic material into cancer
cells that will selectively kill the cancer
cells with no toxicity to the surrounding
non-malignant cells. For head and neck
cancer, this is an attractive treatment, since
the tumors are readily accessible for direct
injection of gene therapy drugs and the
normal tissues that would be preserved are
often crucial for function.
CONCEPT AND DEFINITION OF
GENE THERAPY

The objective of gene therapy is to
introduce new genetic material into target
(cancerous) cells while causing no damage
to surrounding healthy cells and tissue. It
has been defined as the “genetic
modification of cells of a patient in order to
fight a disease”. ™ Gene therapy includes
both the transfer of new genetic material
and the manipulation of existing genetic
material. At the present time, the most
widely used gene therapy procedure follows
these steps: identification, isolation and
amplification of the gene to be used in the
treatment; extraction and in vitro culture of
tissue cells from the patient to be treated;
(i) transfer of the therapeutic gene into these
cells via a vector, using a gene that contains
a promoting sequence to enable its
expression and a marker to identify cells
into which it is incorporated; and
(i) transfer into the patient of selected gene-
containing cells. The theory is that when the
gene exerts its normal physiological
functions, the disease will be eliminated
HISTORY OF GENE THERAPY

The first FDA approved gene
therapy experiment in the United States
occurred in 1990 for a patient with severe
combined immunodeficiency disorder. !
Since then, many clinical trials have been
conducted for patients with cancer, using
different approaches in gene therapy, with
successful results reported in patients with
chronic  lymphocytic leukemia, acute
lymphocytic leukemia, brain tumors as well
as others. Several commercially approved
medications for gene therapy were released,
including ONYX-15 for refractory head and

neck cancer, ® human papilloma virus
?g?ccine for the prevention of cancer cervix.
GENE
SYSTEM

Several methods have been
developed to facilitate the entry of genetic
materials (transgenes) into target cells, using
various Vvectors.
Requirements for Vector
The ideal requirements for vectors are:
It should be non-immunologic
Should be stable and easy to reproduce
Should have longevity of expression
Should have high efficiency
High specificity and low toxicity

It should be able to protect and
deliver DNA across the cell membrane into
the nucleus. It should be able to target gene
delivery to specific cells

It should be easy to be produced in
large amounts and be inexpensive

Currently no single vector type will
meet all needs for all tissues, that is
different vectors will be needed for different
clinical applications
TYPES OF VECTOR FOR GENE
THERAPY

Vectors can be classified as either
viral or non-viral vectors

Viruses usually bind to target cells
and introduce their genetic materials into the
host cell as part of their replication process.
As they enter target cells, they can carry a
load of other genetic material called
“transgenes”.  For non-viral  vectors,
different approaches have been utilized,
using physical, chemical, as well as other
modes of genetic transfer. Transferring
genetic material directly into cells is
referred to as “transfection”, while moving
them into cells carried by a viral or bacterial
vector is termed “transduction”. Non-viral
approaches have the advantage of safety and
easy modifiability, but have a lower
transfection efficiency compared to viral
vectors
Physical mediated gene transfer

DNA genetic material that is coated
with nanoparticles from gold or other

TRANSFER DELIVERY

[10-12]
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minerals, and with their Kinetic energy
supplemented by compressed air or fluid
(gene gun), or using ultrasound, can force
the genetic material into the target cell,
followed by the release of DNA into its
nucleus. They are best suited for gene
delivery into tissue or in case of gene
vaccination. **!

The electroporation gene therapy
approach aims to achieve cellular membrane
disruption with high-voltage electrical
pulses, resulting in the formation of
nanopores through which naked DNA,
foreign  genetic materials, and even
chemotherapeutic agents can enter cells.
(13341 This approach is best suited for
plasmid DNA-based gene transfer therapy
with the advantage of effectiveness in a vast
array of cell types, ease of its
administration, lack of genome integration
with the risk of malignancy, as well as the
low potential for unwanted immunogenicity.
(151 Electroporation is presently being tested
in several clinical trials, especially on
patients with malignant melanoma, prostate
cancer, colorectal cancer, and leukemia. **!
Chemical mediated gene transfer

Cationic liposomes are microscopic
vesicles of synthetic phospholipids and
cholesterol that can enter into cells by
endocytosis, ™ with the capability of
carrying a variety of molecules such as
drugs, nucleotides, proteins, plasmids and
large genes. ™ Their advantage is
selectivity to endothelial cells, a relatively
high rate of gene transfer efficiency, a broad
application as carriers for many genes, and
the lack of severe side effects. "1 When
combined with small interfering RNA
(siRNA), cationic liposomes may lead to the
inhibition of tumor proliferation,
inducement of apoptosis, and enhancement
of radio sensitivity to tumor cells. [*®!

Synthetic  viruses have been
developed to exploit the efficiency of viral
vectors and the advantage of liposomes. 1%
Once they enter the target cell, DNA is
released from the endosome. This method
has shown promising results in preclinical
studies. >%*! Transposons can also transport

genetic material inside the cell as well as
into the nucleus. ¥
BACTERIAL MEDIATED
TRANSFER

Some bacteria have the capability of
specifically targeting tumor cells, leading to
RNA interference (RNAIi) and gene
silencing with blockage of RNA functions,
including cellular metabolism and protein
synthesis. Examples include Escherichia
coli, Salmonella t}/phimurium, Clostridium,
and Listeria. ™ Bacterial vectors can
deliver pro-drug-converting enzymes and
cytotoxic agents into tumor cells, and can
mediate the host immune response. They
can be engineered to carry magnetic or
fluorescent material to enhance the utility of
diagnostic approaches in tumor localization,
such as with magnetic resonance imaging
(MRY1), 1 and even in the development of
cancer vaccines. 1 However, the outcome
has been far less pronounced compared to
other ~ RNA  interference  silencing
techniques. Overall, genetically engineered
bacteria acting as vectors for RNA
interference are relatively safe, effective,
practical and cheaper to manufacture
compared to viral vectors. They selectively
colonize and grow within the tumor. They
can also be administered orally, hence their
use in the management of gastrointestinal
disorders. #°]
VIRAL VECTORS

Commonly used viral vectors are
Adenovirus; Adeno associated virus (AAV),
Retro virus and Herpes simplex virus.
Among these, adenovirus is commonly
used, as it can be cultured easily and is of
lower pathogenicity. Y These viruses are
attenuated to transfect genes, but they
cannot replicate or cause infection
Eliminating their ability to replicate through
genetic manipulation of the wild type virus
eliminates the pathogenecity of virus. 1 A
variety of virus vectors that have been
employed to deliver genes have their own
advantages and disadvantages. Gene
transfer mediated by viral vectors is referred
to as transduction. [*®!

GENE
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Adenoviruses

They infect both dividing cells and
non dividing cells. Adenoviruses do not
integrate the foreign DNA into host cells;
rather the foreign DNA exists independently
in the nucleus. Adeno associated virus, the
smallest of three vectors listed, can
accommodate only about half as much as
foreign DNA as the others. This vector can
insert their genetic material at specific site
of chromosome 19. ! Disadvantage of
these vectors lies in the activation of both
the innate and adaptive parts of the
recipient's immune system when applied in
vivo. B
Retroviruses

Retroviruses infect only dividing
cells. They permanently integrate the
foreign  DNA into the host cell
chromosomes and thus lead to stable
expression. However, the gene insertion is
not controlled, and it occurs in such a way
as to cause a mutation of the cell. Retroviral
vectors require mitotic cell division for
transduction. B!
Herpes simplex viruses
Double stranded viruses that
particular cell type i.e. neurons. %32
Types of gene delivery
In vivo: delivery of gene takes place in the
body. During in vivo gene transfer, the
foreign gene is injected into the patient by
viral and non viral methods.
Ex vivo: delivery takes place outside the
body and the cells are placed back in to the
body. Ex vivo gene transfer involves a
foreign gene transduced into tissue cells
cultivated in laboratory outside the body,
and then resulting genetically modified cells
are transplanted back into the patient
GENE THERAPY STRATEGIES

In treating head and neck tumors
with gene therapy, it is necessary to select a
strategy that is appropriate to the molecular
biology of these cancers all the strategies
use an in vivo approach, since the tumors
are generally accessible to direct injection
the injected genes are designed to cause
tumor cell death by creating toxic
substances, replacing genes that will induce

infect

apoptosis, or inserting genes that will induce

an antitumor immune response.
1. Gene Addition Therapy

The aim of this approach is to
regulate tumour growth by introducing
tumour suppressor genes that inactivate
carcinogenic cells. ! Cancer cells generally
demonstrate impaired cell cycle
progression, largely due to mutations and
over expression of cell cycle regulators.
Several genetic alterations have been
described in oral cancer, including
mutations of p53, the retinoblastoma gene
(RB 1), P16 and p21. !

Most common tumor suppressor
gene used in addition gene therapy is p53
with adenovirus as vector. A phase Il study
is currently under way on adenovirus vector
Ad5CMV-p53. This is applied by
intramucosal injection followed two hours
later by a mouthwash.

From the next day, it is administered as

a mouthwash twice a day for 2-5 days. This
treatment is repeated every 28 days and has
shown a capacity to inhibit disease
progression in precancerous lesions with no
toxic effects. 3! other tumour suppressor
genes introduced are, ?

A. Retinoblastoma gene (RDb) that causes
alteration of Rb protein using OAS403
as vector (Ryan;2004)

B. mda-7(melanoma
associated gene -7)

C. Manganese superoxide dismutase gene
(MnSoD)-it suppresses tumor malignity
by reducing peroxide flow and therefore
cell mitosis (Liu et al; 1997)

Mutations of gene p27 are highly
related to the appearance of tongue cancer
gene transfer of p27 was found to inhibit the
cell cycle of tumor cells ,inducing apoptosis
and triggering the suppression of tumor
growth. 4

2. Gene Excision Therapy

The aim of this therapy is to remove
defective oncogenes, thereby inhibiting
growth of tumor cells. Okadaic acid a highly
toxic polyether that inhibits phosphorylation
of type 1 and 2A proteins,reducing
expression of Egr-1(related to cell

differentiation
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proliferation and division) is used thereby
inhibiting tumor activity.genes that control
cell growth and cell cycle progression,
including those that encode for tissue factors
TGF-B1, PDGF-A and PTEN, are regulated
by the expression of Egr-1,making this a
good therapeutic approach. %!
3. Antisense RNA Therapy

Antisense RNA may prevent the
activity of oncogenes, including myc, fos
and ras; and it can also inhibit viruses, e.g.,
HSV-1, HPV (Human Papillomavirus) and
HTLV-1 (Human T-lymphotropic virus.
Antisense RNA can check tumor growth
usually by inhibiting RNAthat is
complementary to the strand of DNA
expressing the gene. %

Preclinical studies using antisense
sequences under the control of six small
RNA promoters demonstrated a powerful
anti-tumour effect with minimum toxicity.
B34 A phase 1 trial is under way in patients
with advanced oral cancer to evaluate the

safety and  biological effects  of
administering liposome-mediated
intratumoral EGFR (Epidermal Growth

Factor Receptor) by means of antisense
gene therapy. Results have been positive,
[sgrg?wing a low toxicity and high efficacy.
Limitations

Conventional use of this technique is

limited by the difficulty of introducing a

sufficient quantity of antisense molecules to

inhibit tumour growth RNA interference

(RNAI) based gene therapy; Small

interfering  RNA (siRNA) is primarily

involved in guiding the degradation of
messenger RNA. This form of gene therapy
consists of two approaches:

1. Plasmid or viral vector
delivery of short hairpin
precursors and

2. Direct delivery of siRNAs or siRNA
precursors to target cells. B¢

Self-complementary ~ recombinant
adeno-associated virus (sc AAV) efficiently
delivered siRNA into multidrug-resistant
human breast and oral cancer cells and
suppressed multidrug resistance-1 (MDR-1)

-mediated
RNA

gene expression. This resulted in rapid,
profound, and durable reduction in the
expression of the P-glycoprotein multidrug
transporter, and a substantial reversion of
the drug resistant phenotype. "]
4. Suicide Gene Therapy

Suicide gene therapy for cancer inserts a
gene into the tumor that encodes for a
protein that will convert a nontoxic prodrug
into a toxic substance. Also known as
genetic prodrug activation therapy.

Herpes simplex virus thymidine
kinase (HSV-tk) gene therapy was the first
suicide gene therapy to be described and
mostly investigated. B8 For this approach
the tumor cells are genetically modified
with HSV-tk gene and are then treated with
the prodrug ganciclovir .HSV-tk enzyme
phosphorylates ganciclovir to a
monophosphate that is then further acted on
by normal cellular enzymes to create
ganciclovir triphosphate ganciclovir
triphosphate inhibits DNA polymerase and
is incorporated into DNA, causing chain
termination and cell death. M**!! unlike the
prodrug ganciclovir ,its triphosphate form is
unable to cross the cellular membrane and is
trapped in the tumor cells.

Another form of suicide gene
therapy uses the cytosine deaminase gene
.the prodrug for this system is the minimally
toxic 5 - fluorocytosine, which is converted
in the tumor by cytosine deaminase into
highly toxic 5-fluorouracil.

A phenomenon known as
“Bystander Effect” is observed where cells
neighboring those expressing HSVtk are
also killed, “? thereby, enhancing tumor
cell kill. '3 Besides this, the HSVtk strategy
is reported to enhance the NK cell killer
activity in vivo bP/ inducing the systemic
immune response. 4

5. Gene Therapy Using Oncolytic

Viruses

A promising approach to gene
therapy that involves use of viruses
replicating in only tumor cells (oncolytic
virus). The virus must be genetically
modified to attenuate its toxicity in normal
tissue while maintaining its oncolytic
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activity against malignant tumours, with the
aim of reinforcing safety  without
compromising the anti-tumour efficacyof
the virus. ¥ Replication of ONYX-015
adenovirus is minimal in cells with normal
p53 function but reaches high levels in cells
with  p53 alterations or mutations.
Intravenous injection of this vector produces
important tumour regression and improves
survival in presence of metastasis.

Patients with precancerous lesions
were treated with Advexin® mouthwash
(Introgen Therapeutics, Inc (INGN), NY),
which also administers p53 by means of an
adenovirus. Tissue analyses before and after
treatment showed a marked decrease in the
number and aggressiveness of precancerous
cells. This treatment, currently in a phase 11
trial, also appears to be very well tolerated.
(6] Intravenous injection of oncolytic
adenovirus OAS403 showed cytotoxicity in
tumor cells especially where Rb protein and
the regulation of telomerase expression is
altered. "1

6. Introduction Of Genes To Inhibit

Tumor Angiogenesis

One of the prerequisite conditions
for the development of solid tumors is
angiogenesis.tumor  progression  usually
results from invasion of newly formed blood
vessels by tumor cells. vaccines against
receptor 2 of the VEGF factor (Vascular
Endothelial Growth Factor), also known as
FLK-1,is being developed that results in
inhibition of angiogenesis, tumour growth
and metastasis. The vaccine against FLK-1
is quite effective, stimulating T lymphocytes
that inactivate this receptor. The vaccine
will be useful in the treatment of tongue
metastasis of OSCC, with an increased
immune response. 1“4

7. Immunotherapy

The aim of immunotherapy is to
increase the patient’s immune response to
the tumour. Patients with OSCC present
altered function of immune cells, including
NK cells, T lymphocytes and numerous
cytokines. Form animal studies it has been
shown that IL-2 administration activates T
lymphocytes and NK cells and that these in

turn activate tumour necrosis factor a(TNF-
o), trig%ered by the strong tumour inhibition
effect. ™ Transduction of IL-2 gene, which
appears to have an anti-tumour effect, by
using the mutated fibroblast of an
adenovirus and an RGD peptide (Adv-
F/RGD), has been addressed. ™ The
intratumoral injection of Adv-F/RGD
showed a high anti-tumour effect due to
increased mononuclear cell infiltration and
major necrotic changes. Another therapeutic
approach may be to use the monoclonal
antibody  Anti-ICAM-2 alongside the
intratumoural gene transfer of interleukin-12

ICAM-2 is a glycosylated protein
with surface adhesion that is expressed in
endothelial cells and activates lymphocytes.
Recent studies found that systemic
administration of Anti-ICAM-2 induced the
complete regression of OSCC lesions.
However, the tumour regression is
dependent on the immune system function
and the induction of specific tumour toxins
by the action of CD8 lymphocytes. °*

Gene transfer of IL-12 using plasmid
PNGVL3mIL12 is also being investigated.
An FDA-approved clinical trial is under
way but it is too early to predict results. %
Successful gene therapy requires that:
Genetic nature of the disease is completely
understood

Genes can be delivered to the target
cells of affected tissue/organ

Transfected gene should be active
for intended duration

Harmful side effects if seen should
be manageable
Difficulties in gene therapy include: **!

Difficulty to deliver genes in some
sites like lung cells

Genes might integrate at sites where
it can affect the functioning of another gene
Vectors may be recognized as -foreign by
immune system triggering immune response
Viral  vector may cause toxicity,
inflammatory response and might recover
their ability to cause disease

Multigene disorders are difficult to
treat by gene therapy
Gene therapy is expensive
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The most frequently observed
adverse reactions to gene therapy are severe
inflammatory processes and coagulopathies,
generally in relation to the viral vectors
employed. !

CONCLUSION

Gene therapy for cancer has evolved
relatively fast in the last two decades, and
presently, few drugs are commercially
available while others are still in clinical
trials. Most reports on gene therapy have
shown good safety profiles with transient
tolerable toxicities. The lack of success in
several clinical trials may partly be
attributed to patient selection. Patients with
advanced and therapy -  resistant
malignancies are presently enrolled in gene
therapy trials. Perhaps, gene therapy may be
much more successful in patients with
earlier stages of malignancies, or in those
who have a lower tumor burden.
Alternatively, gene therapy may better be
used after successful cancer therapy with
maximum tumor load reduction, such as
after radical surgery, following radiation
therapy, or after successful chemotherapy.

The clinical application of gene
therapy for treatment of oral cancer will
require optimization of gene delivery phase
2 clinical studies by various investigators
have showed promising results when gene
therapy is combined with chemotherapy,
radiotherapy or surgery.

In the future, the wide use of patient
and tumor genomic analysis as well as the
assessment of host humoral and cellular
immunity, will facilitate a better selection of
the most appropriate gene therapy per
patient. Recent progress in developing safe
and effective vectors for gene transfer, such
as with synthetic viruses and non-viral
methods will increase the effectiveness and
safety profile of gene therapy. Furthermore,
with the advancement in biological research,
much cheaper gene vectors will become
commercially available, which will make
gene therapy readily available to the
majority of cancer patients, worldwide.

This will transform the future of
cancer therapy, from generalized cancer
treatment strategies, based on tumor size,
nature and location, to a more tailored,
individualized cancer therapy, based on the
patient’s specific genomic constituents, host
immune status, and genetic profile of the
underlying malignancy. Treatment is
expected to be fast, effective, relatively less
toxic and inexpensive, with higher cure
rates.
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