
___________________________________________________JRAD____________________ 

_______________________________________________________________________________________
Received: Jan. 11, 2019:  Accepted: Mar. 3, 2019 
*Correspondence Dr. Kavita Verma. 
Department of Endodontics and Conservative Dentistry, Narsinbhai Patel Dental College, Visnagar, Gujarat India. 
Email: kavitaverma@gmail.com 

 
Copyright ©2019 
 

 
 
 

www.jrad.co.in 
pISSN 2278-0076 

eISSN 2321-9270 

Review Article 

J Res Adv Dent 2019;9:2s:128-134. 

Clinical Implication of Gene Therapy in Dentistry 

 

Kavita Verma1* Shrish Charan Srivastava2 Kavan Patel3 Sareen Duseja4 

 
1Reader, Department of Endodontics and Conservative Dentistry, Narsinbhai Patel Dental College, Visnagar, Gujarat, India. 

2Professor, Department of Orthodontics and Dentofacial Orthopedics, Narsinbhai Patel Dental College, Visnagar, Gujarat, India. 
3Reader, Department of Prosthodontics Crown and Bridge, Narsinbhai Patel Dental College, Visnagar, Gujarat, India. 
4Reader, Department of Prosthodontics Crown and Bridge, Narsinbhai Patel Dental College, Visnagar, Gujarat, India. 

 

ABSTRACT  

Background:  In search of a better health care to the patients, gene therapy has found place as a recent 

advancement in treatment options. Gene therapy has been applied in various medical and dental treatments to 

get a favourable outcome. The idea of gene therapy is unique as it works by the addition of a healthy gene in 

place of defective genes so that the function in the patient’s body is restored. It represents a means to treat a 

disease by use of genetic materials leading to expression of proteins in the cells which interfere with the 

synthesis of proteins to treat diseases. Different vector systems are presently in a trial state to perform gene 

transfer with certain advantages and disadvantages this article therefore aims to describe gene therapy and 

outlines its various applications in dental field. 
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INTRODUCTION 

With development in the technology, the 

manipulation at the genetic level has become 

possible. This has led to marked advancement in the 

field of gene therapy and its applications in 

dentistry have increased. Gene therapy has found 

place in various fields of dentistry like in the 

treatment of cancer, DNA vaccinations, salivary 

glands, treatment of autoimmune diseases, 

treatment of pain, bone repair, orthodontics, 

keratinocytes and more recently treatment of 

dental caries. 

A gene is a distinct portion of a DNA which is 

responsible for the development and function of all 

organisms. It determines the structure of different 

proteins and controls the production of proteins. 

Genes are the smallest functional unit of the genetic 

system. Broadly gene therapy is the genetic 

modification of cells for therapeutic purposes.1 In 

gene therapy the genes are used as medicines to 

treat a disease either knocking out the defective 

gene or by interfering with its function. First of all 

the defective gene is identified and the then the 

working or therapeutic copy of a gene, acquired by 

restrictive endonuclease enzyme(cutting and 

splicing) , is  then transferred to a cell with clinical 

condition, with the help of a vector, for the repair of 

the faulty gene copy in that cell. The techniques 

include the replacement of a faulty gene, or 

introduction of a new gene whose function is to 

cure or to favourably modify the clinical course of a 

condition. 2, 3 

There are two types of gene therapy – the somatic 

gene therapy and the germ line gene therapy 

.Somatic gene therapy involves the transfer of the 

therapeutic genes in the somatic cells of the patient 

and the gene is not inherited by the next generation 

where as in the germ line gene therapy, the 

functional genes are transferred into the genomes 

of the sperms or eggs, thus the therapy is 

transferred to the next generation. 4 (Table 1) 

The therapeutic genes are delivered to the target 

site with the help of a vector. The vector should be 

non immunologic, stable, easy to reproduce and 

should have longevity of expression. 5The vector is 

prepared in two steps. The vector is isolated, 
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purified and cleaved.DNA fragment is then joined to 

cleaved ends of the vector and thus the molecule is 

closed and DNA chimera is formed. This vector is 

then introduced into the cell and genetically 

identical cells containing same DNA are produced. 

Thus a mass of cells with same genetic makeup is 

produced. 6 

The vectors can be either viral or non viral. The 

viral vectors are altered genetically and made 

harmless. These viruses can replicate gene of 

interest. Various virus used in gene therapy include 

adenovirus, retrovirus, adeovirus associated virus, 

lentivirus, vaccinia virus, herpes simplex virus. 7    

Among the viral vectors, adenovirus is commonly 

used, as it can be cultured easily and because of its 

lower pathogenecity. (Table 2) amongst the non-

viral vectors most commonly used are the Lipid 

complex, liposomes, peptide/protein, polymers, 

mechanical, electroporation, and gene gun. 7non- 

viral vectors are comparatively simpler and safer 

alternative for viral vectors. The details of the of the 

nonviral vector are given in the table three .(Table 

3)  

Plasmid DNA can be delivered to tissues in vivo by 

intravenous infection at high hydrodynamic 

pressure. It ispossible to restrict bloodflow to 

increase the pressure by use of a blood-pressure 

cuff in the limbs to deliver plasmid DNA. The 

delivery of DNA by coated metal microparticles by 

particle bombardment into cutaneous tissues has 

been useful. However, attendant issues include heat 

generation and transfer at the site of penetration of 

the microparticles 16 

Application of regulated electric pulses in delivering 

genes to cells is known as electroporation. 

Electroporation is commonly used to deliver DNA to 

bacteria,yeast and mammalian cells in culture. 

Electroporation uses electric fields to create 

transient pores to facilitate entry of plasmid DNA. 

The major limitations of electroporation is tissue 

damage and moreover it is an invasive method 16  

The application of ultrasound leads to acoustic 

cavitation and produces cell membrane 

permeabilization, the use of a combination of 

ultrasound and electro-poration was found to be 

better than either of these methods alone.The 

recent advances in the uses of ultrasound to drug 

and gene delivery has multiple therapeutic 

applications including regenerative medicine 16, 17 

APPLICATIONS OF GENE THERAPY IN DENTISTRY 

Bone regeneration 

Gene therapy can be used in bone regeneration. 

There are 4 methods to bring about bone repair- 

they are osteoinduction , differentiation of 

osteoblasts which will give rise to osteoid matrix, 

osteoconduction and mechanical stimulation. Gene 

therapy can help in osteoconduction in cases of 

single gene defects; this will lead to differentiation 

of osteoblasts and then osteoconduction. Gene 

therapy is helpful in single defect cases as it can be 

delivered to a specific anatomic location and 

discrete site and can lead to bone regeneration 

there. Transient expression is beneficial for bone 

regeneration because of gene transfer techniques.18 

BMP’s are the growth factors which can induce bone 

formation specifically, BMP 2, 4 and 7. BMP 2 has 

shown to repair mandibular osseous defects. 19 

BMPs can induce bone formation both individually 

and in combination with other BMPs. For example 

BMPs 2, 3a, 4, 7 and 8 are involved in fracture 

healing. 20. VITAPEX is also helpful in the expression 

of BMP 2 and induces bone regeneration in 

periapical lesions. 21 Platelet derived growth factors 

can also help in bone regeneration or formation. 22 

Bone sialoprotien also controls the cell 

differentiation in bone repair and regeneration.  

bfa1 is the master gene which is involved in BSP 

gene expression.BSP is a non collagenous protein in 

bone and other mineralised tissue.BSP gene can be 

delivered in vivo to regenerate periodontal alveolar 

bone. 22 

Gene therapy is also helpful in reducing the 

periapical bone resorption, inhibition of endodontic 

disease development and inflammation. It has been 

demonstrated that adeno- associated virus (AAV) - 

mediated Atp6iRNA (RNAi) helps to knock down 

Atp6i/ TIRC7 gene. This therapy impairs the 

osteoclast function in vitro; it reduces the number 

of Tcells in periapical lesions and also reduces the 

bone resorption caused by bacterial infection in 

endodontics.23 Genetically engineered mesenchymal 

stem cells (MSCs) harboring a tetracycline-

regulated expression vector encoding the  
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Table 1: Difference between somatic gene therapy and  Germ line gene therapy. 

 Somatic gene therapy  Germ line gene therapy 
1 Therapeutic genes transferred to somatic cells  Therapeutic genes transferred to germ cells  
2 Will not be inherited in the later generation  It will be inherited in the later generation  

 

Table 2: Table 2 vectors used in gene therapy 

 Viral vectors  Non viral vectors  

1 Retroirus 8 Lipid complex,  

2 Recombinant virus encoding BMP-7 9 liposomes,  

3 Lentivirus vector encoding BMP-210 peptide/protein,  

4 Adenovirus encoding BMP-2 gene11 polymers,  

5 Adenovirus encoding BMP-712 mechanical,  

6 Adenovirus encoding PDGF beta13 electroporation,gene gun. 7 

7 Retrovirus encoding active form of beta catenin14  

8 Adenovirus encoding BMP-7, PDGF beta or 

combination of both15 

 

 

Table 3: Advantages and disadvantages of  gene  therapy. 

Table 3 Advantages and disadvantages of  gene  therapy  

Advantages  Disadvantages  

It has the ability to replace defective cells Technique sensitive  

It can treat genetic disorders  Selection of appropriate vector  

It can treat even before the onset of disease   Risk of pathogenicity by the vectors  

  Costly  

 

osteogenic growth factor human BMP-2 can help in 

the osteogenic differentiation of the mesenchymal 

stem cells and lead to bone formation and healing.24 

Gene therapy for caries prevention 

Gene therapy can be applied in dental treatment for 

caries prevention by regeneration of enamel.Ctip2 

(gene which is a transcription factor) is responsible 

for development of immune system, skin and 

nervous system. This transcription factor was also 

found to have a role in the formation and 

maturation of ameloblasts. It was researched in 

2009 that when the researches knocked out this 

gene the mice could not live after birth and had 

rudimentary teeth and lacked enamel coating. Thus 

it was concluded that gene Ctip2 control the 

production of tooth enamel and can be helpful in the 

repair of damaged enamel.25 

A similar study was published in developmental 

biology where the researchers concluded that the 

deletion of tbx1 was shown to be involved in the 

maintainance of dental epithelial stem cells which 

form ameloblasts.26 

S mutans have affinity to tooth surface therefore 

their pathogenic potential is related to their 

mechanical adherence.27In replacement therapy a 

genetically modified S.mutans is colonized onto the 

host surface, it might block the attachment site and 

will compete for nutrients. The genetically modified 

S mutans strain (BCS3-L1)is used in replacement 

therapy to prevent dental caries.28 In this strain 

BCS3-L1gene encoding lactate dehydrogenase was 

deleted therefore lactic acid production was 

stopped.When analysed for fermentation end 

product it was found that lactic acid was not 

detectable in BCS3-L1.29  Replacement therapy will 
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provide life time protection after single 

application.30 

In the year 2000 Burne and Marquis brought about 

a process in which alkali was generated from 

ammonia which was produed from aginine and 

urea. This process occurred from association of 

genetically altered strain of S.Mutans with dental 

plaque. Long term studies and RCTs are still 

required for clinical application.31 

Gene therapy for Orthodontic tooth movement 

Tooth movement in orthodontic treatment depends 

upon osteoclastic and osteoblastic 

activity.osteoclastic activity depends upon 

periodontal ligament cells which is required to 

support osteoclastogenesis.the receptor activator of 

the NF- Kappa B (RANK)ligand or RANKL is the 

molecule which supports this 

interaction.Osteoclastic precursors express RANK, 

the receptor for RANKL.OPG osteoprotegerin is 

produced by periodontal ligament cells and 

osteoblastic cells. 

RANKL acts as a ligand for OPG. OPG also acts as a 

decoy receptor for RANKL, preventing RANKL – 

RANK binding. Therefore excessive suppression of 

osteoclastic formation.It has been demonstrated in 

studies where gene therapy is used with OPG and 

RANKL to accelerate or inhibit tooth movement for 

normal as well as in cases where ankylosis is 

present.32, 33 

Gene therapy for Reparative dentine formation 

It has been found  that gene therapy can be helpful 

in regeneration of reparative dentin where BMP11 

and GDF II when transferred to amputated pulp 

stimulated  reparative dentine formation in 

vivo.Isolated progenitor stem cells in the pulp were 

transfected with BMP 11/GDF II by electroporation 

and implanted onto the amputated pulp.34 

When biomolecules like bone sialoprotien , bone 

morphogenetic protein-7, dentonin ( a fragment 

from matrix extracellular phosphoglycoprotien) and 

two small amelogenin gene splice products (A+4and 

A-4)were implanted onto the exposed pulp induced 

formation of reparative dentinal bridge. Cells which 

were formed in this process differentiated into 

osteoblasts and odontoblast like cells. Odontoblast 

progenitor cells if implanted can also get same 

results.35,36 

Gene Therapy in Oral Cancer 

Gene therapy in cancer treatment is done to bring 

about cancer cell death which can be done in 

several ways. Gene addition therapy is where 

addition of tumour suppressor gene can be done. 

Gene excision therapy is where deletion of a 

defective tumour gene is done. The expression of 

gene that stimulates tumour growth can be down 

regulated and tumor angiogenesis can be inhibited 

by introduction of particular genes.37, 38 

Gene Therapy for Salivary Glands 

Salivary glands produce large amount of proteins 

and are encapsulated39, therefore they can be a 

good site for gene transfer. This minimises 

undesirable access of vectors and trans genes into 

other tissues40The delivery of vectors whether viral 

or non viral is done through the main duct opening 

of salivary gland in the oral cavity. It is done by 

retrograde injection.41 

Advantages and challenges  

Inspite of plenty of active research and ongoing 

clinical trials, there are a number of limiting factors 

such as technique sensitivity, identification of 

related genes and vectors, delivery of genes at the 

site of action and duration of action. The transfer of 

a large amount of genes into many cells is required 

to achieve the desired therapeutic effect and may 

not be costly Gene therapy has emerged as one of 

the greatest technical challenges in modern 

medicine. It is very hard to introduce new genes 

into cells of the body and keep them working. And 

there are financial concerns as the treatment might 

not be cost effective. (Table 3) 

CONCLUSION  

Gene therapy has developed as an active area of 

research for a range of biomedical and dental 

applications. Considering the exponential rise in the 

quantity and quality of research in the field of gene 

therapy it is expected to become a very useful tool 

for the management of oral diseases. The successful 

outcomes of human clinical trials in recent years 

have given hopes for clinicians for the practical 

applications of gene therapy very soon.  
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