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Introduction
Oral cancer is one of the major health problems in the In-

dian subcontinent. It ranks among three most common types 
of cancer in the country.1 Oral cancer accounts for over 30% of 
all cancers in India and it has significant morbidity and mor-
tality.2 The traditional treatment options include surgery with 
or without combined with radiotherapy or chemotherapy. 
These conventional treatment approaches are very invasive 
and have significant effect on patient’s quality of life. In spite 
of newer advancements and attempts for organ preservation, 
the treatment outcomes and its debilitating effects are not im-
proved significantly.3 In a view of improving the treatment 
effectiveness and also the quality of life of patients, newer 
conservative treatment modalities such as gene therapy is 
anticipated to be a useful tool for oral and systemic cancer 
treatment.

Tobacco, alcohol and betel quid are considered as major 
etiological factors for Oral Cancer.4 The ingredients of these 
cause genetic mutations in the body cells. Mutation of the 
genes controlling cell mitosis and apoptosis results in uncon-
trolled proliferation of the cells leading to cancer.5 As gene 
mutation is associated with the pathogenesis of cancer, gene 
therapy, a new emerging technique of biomedicine, has been 
thought to be a potential treatment modality for cancer. Due 
to its frequent genetic mutations, oral squamous cell carci-
noma is one of the attractive tumor-target for gene therapy.6

Gene Therapy
Gene therapy is basically a procedure directed at replace-

ment or manipulation of nonfunctional or malfunctional 
gene with a healthy gene. The objective of gene therapy is to 
introduce genetic modification into the cells in order to treat 
the disease.7,8 Gene therapy can be successfully used for the 
treatment of cystic fibrosis, hemophilia, muscular dystrophy, 
immune deficiency disorders and many tumors. In dental 

conditions, gene therapy can be used in periodontics, pain 
and dental caries.7,9

Types of Gene Therapy
There are two types of gene therapy:7,10

Somatic gene therapy
It is characterized by transfer of genetic material into so-

matic target cell in order to cure the disease. In this, the in-
dividual may be cured from the disease but their off-springs 
cannot be prevented from the same disease. It is the most 
common type of gene therapy practiced in various centers.

Germ line gene therapy
It involves introduction of foreign gene into a sperm or 

egg which will pass genetic changes in the future generations. 
This is primarily indicated to prevent inherited diseases.

Vectors of Gene Therapy
Vectors in the gene therapy are the vehicles that facilitate 
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the transfer of genetic material into target cells. The vectors are 
broadly classified into two types: Viral vectors and non-viral 
vectors. The vectors for gene therapy are enlisted in Table 1.

Gene Therapy Techniques
The therapeutic gene can be delivered to the target cells by 

two techniques:
In vivo – Inoculation of therapeutic gene directly to the tar-

get site locally or systematically
Ex vivo – Cells from the target are genetically modified out-

side the body and then reinserted
This can be accomplished by Physical, Chemical and Elec-

trical methods enlisted in Table 2.

Gene Therapy Approaches for Oral Cancer
Oral Cancer, being easily approachable due to superficial 

locations of the lesion, is a good tumor target for gene therapy. 
The following are the approaches that can be opted for treat-
ment of Oral Cancer:

Gene Addition Therapy
In this technique, a tumor suppressor gene is introduced to 

inactivate the carcinogenic cells in order to control the growth 
of the tumor. The mutation of p53 gene is most commonly asso-
ciated with Oral Cancer and hence is the most commonly used 
gene for gene therapy. Adenovirus is the most preferred vector 
for this gene.13,14 A phase III clinical trial has demonstrated posi-
tive treatment outcome using adenovirus vector and p53 gene 
for head and neck cancers.15 The other genes involved in Oral 
Cancer are the retinoblastoma gene, p16 and p21.16

Gene Excision Therapy
This technique is aimed at elimination of defective onco-

gene leading to suppression of tumor cell growth.13,17 Genes 
that encode for cell cycle and cell growth as well as the ones 
encoding for tissue factors TGF-β1, PDGF-A and PTEN are 
regulated by expression of Egr-1 (Early growth regulation fac-
tor – 1). Hence, inhibition of Egr-1 is a good approach for gene 
therapy. Okadaic acid, a highly toxic polyether, is used for in-
hibition of Egr-1.18 Another approach demonstrated by certain 
studies is inhibition of protein kinase C to reduce expression 
of this gene, thereby increasing the tumor sensitivity for radio-
therapy.19

Antisense RNA Therapy
In this technique, expression of specific defective gene is 

prevented by introduction of are medial gene. Gene expression 
can be suppressed by an RNA which is complementary to the 
strand of DNA responsible for expression of the gene. Anti-
sense RNA prevents expression of oncogenes such as myc, fos 
and ras and also inhibits certain viruses including HSV-1, HPV 
and HTLV-1.13,17 Preclinical studies have shown effective anti-

tumor activity using antisenseRNA.17,20

Immunotherapy
Patients with oral cancer demonstrate deficient function of 

certain immune cells such as Natural Killar cells, T lympho-
cytes and cytokines.21 The aim of immunotherapy is to enhance 
the patient’s immune response to malignancy. Researches have 
demonstrated successful decrease in cancer by combined use 
of mIL-2 and mIL-12 causing increased activation of cytotoxic 
T lymphocytes and natural killer cells.22 Suppression of NF-
kB activity has shown to help increasing radiosensitivity to 
𝛾radiation and chemosensitivity to 5-fluoracil (5-FU) in oral 
squamous cell carcinoma. Inhibition of NF-kB also helps to 
prevent progression and metastasis of oral cancer.23 Adminis-
tration of anti-ICAM-2 systemically has been found to intro-
duce complete regression of oral cancers.24 Other studies have 
shown transduction of IL-2 gene and intra-tumoral injection of 
Adv-F/RGD is apparent to have anti-tumor effect.17

Suicide Gene Therapy
It is the most commonly used gene therapy. It involves in-

troduction of certain genes/enzymes that covert non-toxic drug 
into active cytotoxic substance. Most frequently performed 
suicide gene therapy involves use of thymidine kinase gene of 
herpes simplex virus which converts non-toxic ganciclovir into 
cytotoxic ganciclovir phosphatase which induces cell death by 
bystander effect.25

Gene therapy with the use of Oncolytic Viruses
In this approach, a virus(vector) is genetically modified in 

order to induce lysis of tumor cells. These genetically modified 
viruses characteristically replicate into tumor cells but remain 
attenuated in normal host cells.13,17 Genetically modified adeno-
virus ONYX-015 has been successfully used in treatment of oral 
cancer both alone and in combination with chemotherapy.26,27 
The oncolytic herpesvirus have shown to reduce tumor metas-
tasis significantly.17,28 ONYX-015 incorporated into mouthwash 
Advexin can be successfully used for prevention of progres-
sion oral precancerous lesions into oral cancer. The dysplastic 
changes have been found to resolve in 37% of cases in previous 
clinical trials.17,29

Conclusion
The various techniques in gene therapy have shown overall 

positive effect in treatment of oral cancer and prevention of in-
vasion, metastasis and recurrence. Also, it has been found that 
gene therapy potentiates effects of other treatment modalities 
such as radiotherapy and chemotherapy. The research on gene 
therapy for the treatment is progressing both in vivo and in 

Table 1: Vectors of Gene Therapy9,11

ViralVectors Non-viralVectors
• Retrovirus

• Adenovirus

• Adenoassociated virus

• Herpesvirus

• Naked DNA delivery

• Cationiclipids

• Protein–DNAcomplex

Table 2: Techniques of Gene Therapy9,12

Physical Chemical Electrical
• Electroporation

• Genegun

• Sonoporation

• Magnetopora-
tion

• Oligonucleotides

• Lipoplexes and 
polyplexes

• Dendrimers

• Hybridmethods

• Electrotransfer 
of geneticmate-
rial
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vitro settings. In upcoming time, gene therapy can become de-
finitive treatment modality either alone or in combination with 
other treatment modalities.
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