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ABSTRACT
Viruses are usually reputed as highly damaging and 
are considered harmful particles; however, they may 
show beneficial effects, for example, in the case of viral 
vectors in gene therapy. Commonly used viral vectors 
include adenoviruses or lentiviruses. For a successful 
gene therapy experiment, an appropriate amount of 
a therapeutic gene must be administered to the in-
tended tissue without considerable virulence. For a 
particular gene therapy practice, vectors should be of 
a distinctive nature that affects its fitness. The desired 
properties of viral vectors include, but are not limited 
to, stability, specificity, or low immunogenicity. The ac-
curate realization of gene therapy is only possible by 
manipulating the current vectors in use or if specific 
targeted new vectors are developed. Viral vectors are 
also commonly used to deliver CRISPR/Cas9 because 
of their strong binding and high in vivo efficiency. How-
ever, these vectors pose several challenges including 
the risk of undesired gene mutations, insertional mu-
tagenesis, off-target effects, carcinogenicity, immuno-
genic reactions, and limited transfection volumes.
Keywords: Viral vectors, Gene therapy, Oncolytic viruses,  
Adenovirus vectors, Immune response

Introduction
For successful gene therapy, an appropriate amount of 
a therapeutic gene must be administered to the target 
tissues. In particular gene therapy practice, vectors 
should be specific regarding their suitability for ther-
apeutic action. The desired properties of viral vectors 
include, but are not limited to, stability, specificity, 
or low-immunogenicity gene therapy experiments are 
designed to change the infectious process of the virus. 
Therefore, the virus does not have a negative effect on 
human health, but it carries the therapeutic material 
inside it.1

Some gene transfer approaches are rooted in the 
transport of tumors certaining toxins or the bystander 
effect, which facilitates the conversion of pro-drugs 
into toxic substances.2 Some new strategies for can-
cer gene transfer involve starting an immune response 
against tumor antigens, so the best practice demands 
some sort of midway form of gene transfer. Ultimately, 
oncolytic viruses do not contain transgenes, but they 
are genetically engineered and allow tumor-specific 
viral replication, leading to cell lysis and spreading to 
neighboring malignant cells. The currently used vec-
tors integrate in an unplanned way. Integration is a 
mutagenic occurrence with a prospective of triggering 
many genes together with oncogenes. 

Adenovirus vectors are greatly used in cancer gene 
therapy. They are very efficient and can enhance the 

gene expression duration. Adenovirus can be pro-
duced easily, and they can infect dividing and non- 
dividing cells. Adenoviral vectors are generally very 
stable and can be made by replication-competent 
adenovirus (RCA) without any contamination and 
can adjust the 7.5 kb transcript. The coxsackie and 
vitronectin alpha (v) beta (3) integrin receptors effec-
tuate the adenovirus entry into humans through clath-
rin-coated vesicles, and when they enter the nucleus, 
they remain as extra chromosomal material. The E1 
gene in adenovirus controls viral replication and 
expression of late genes. Transgenic adenoviral vectors 
are constructed by the replacement of E1A and E1B 
genes by a transgene.3 These are called first-generation 
vectors. Due to the recombination and deletion of one 
gene, they cause RCA contamination, which leads to 
high toxicity. Second-generation vectors are made by 
mutation in the E2A or E3 regions. This improves the 
toxicity by decreasing RCA contamination.4 The entry 
of adenovirus into the body causes intense immune 
and inflammatory responses. The innate response 
causes the release of cytokines such as interferon 
gamma and interleukins, which is then followed up by 
a specific neutralizing antibody or a T-cell response. 
Expressed viral genes and transgene are presented on 
MHC (the major histocompatibility complex) 1 and 2. 
The intense inflammatory reaction enhances tumor 
immune recognition and is responsible for the neu-
tralization of immune-mediated vector response. The 
third-generation adenoviral vectors are constructed 
by the deletion of the E4 and E3 region preservation. 
The deletion of the E4 region reduces some immuno-
genicity, and the protein product made by E3 inhibits 
the transport of MHC to the surface of the cell, thus 
preventing immune recognition of adenovirus.5 Gut-
less vectors with no viral gene have also been made to 
deal with immune response and RCA contamination. 
The gutless vectors require helper viruses because they 
are replication-deficient. They have a major advantage 
of being less immunogenic. Adenoviruses have high 
infection efficiency in dividing as well as non-dividing  
cells, so they are widely used for gene therapy.  
Coxsackie adenovirus receptors (CARs) are present in 
a number of tissues and cells, and CAR protein can 
express itself in a number of tissues, such as epithelial, 
endothelial, heart, and brain tissues. There are three 
main targets for gene therapy in cancer.6 The first is to 
induce cytotoxicity of tumor cells via adenoviruses, 
the second is to promote and induce immunity for 
specific tumor cells, and the third is in tumor suppres-
sor genes to repair defects. The major regulatory gene  
for cell death (apoptosis) is the Fas gene. This gene 
is very important for the sensitivity of tumors to 
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chemotherapeutics and tumor development. The 
expression level of the Fas gene is very low in the tumor 
cells as compared to other cells and this low expres-
sion level is the major barrier for ovarian cancer gene 
therapy. Shuttle vectors were constructed containing 
Fas gene, human telomerase reverse transcriptase pro-
moter, TSTA (two-step transcriptional amplification), 
and then packaged into adenovirus. ϒδT-mediated cell 
killing in combination with the Fas gene is used.7 A 
total of 35 BALB/c mice were taken and divided into 
five groups, and xenografts of which were used to treat 
ovarian cancer. The mice were treated with PBS, ϒδT 
cells, Fas-expressing adenoviruses, taxol, Fas-express-
ing adenovirus and ϒδT cell. The result indicates that 
mice treated with ϒδT cells and adenoviruses are safe 
and effective for ovarian cancer treatment. There are 
no clinical implications of adenovirus-mediated gene 
therapy for ovarian cancer because the quick devel-
opment of immune response against vectors and the 
poor virus uptake and gene expression due to the lack 
of CARs in primary tumor tissues.8

How Viruses are Manipulated to Work as Carriers or 
Vectors
The viral life cycle is divided into two phases: infec-
tion phase and replication phase (Figure 1). In the first 
phase, the virus deactivates the host defense mecha-
nisms, recognizes the target cell, and finally enters 
into the cell and introduces its genome in it. In the sec-
ond phase, the viral genes are replicated, and struc-
tural genes are expressed to produce viral structural 
components. Then, the viral genome along with viral 

Fig 1 | The flow chart of the viral life cycle

structural components are gathered at a certain point 
and released from the cell.9

In a gene therapy experiment, viral particles are 
modified in such a way that they carry the gene of 
interest in place of their genome; they enclose a modi-
fied genome. Transduction is the type of contagion that 
presents a new genetic material into the cells using 
vectors. Mostly, it is an unsuccessful or non-replicative 
and dead-end type. Structurally, the genome of a virus 
consists of cis-acting gene regulatory sequences and 
genes. Mostly, cis-acting sequences plot the exterior of 
the viral coding sequences even though some overlap 
exists there. To design the recombinant viral vectors, 
this property of segregation (spatial) of genes and 
cis-acting sequences sideways with the viral genome 
is used. To manipulate a vector, both the coding genes 
and cis-acting sequences are unglued into different 
nucleic acid molecules to ensure that they will not 
reconstitute. Their reconstitution might result in pro-
ductive viral particles by recombination.

The helpful gene of interest accompanying viral 
cis-acting sequences can then be entered into the same 
cell to introduce new genetic information to the target 
cells. An important factor in improving the efficiency 
and biosafety of a vector system is to maintain the sep-
aration of viral genes and cis-acting sequences during 
their assembly. 

The described process of genetic engineering offers 
a limitation by the grade of the structural intricacy 
of that viral genome. Cis-interactions between the 
genome and their translational products are not there 
in a fix-up vector. These deficient vector particles are 
incapable of gene transfer, and sometimes also inter-
fere with the transduction of vector particles (naturally 
full of life). Duplicating these processes has proven 
to be a great challenge in an in vitro assembly system 
that would if successful, upsurge the biosafety of viral 
vectors.

There are diverse natures of viral vectors (Figure 2),  
and the most common ones are adenoviruses, which 
are extensively used. Some other viruses that are 
less widely used are the adeno-associated viral vec-
tor, herpes simplex virus 1, lentiviruses, retrovirus, 
baculovirus, and vaccinia virus as recorded below in 
Table 1.10–13

Role of Viral Vectors as Friends 
Initially, gene therapy was considered an approach 
to treat patients with inherited diseases (like cystic 
fibrosis or Huntington’s disease). Later, the poten-
tial has grown, for most of all gene-therapy medical 
trials were for cancer. A number of unalike pro-
posed actions for cancer gene therapy have evolved 
that specifically exploit replication-defective viral 
vectors to deliver anti-angiogenic traits, some 
tumor-suppressor genes, or the genes that turn on 
pro-drug such as HSV-1 thymidine kinase and genes 
that trigger immune response. The inherent poten-
tial of virus particles has been reduced to make a 
replica and lyse the cells in another practice of can-
cer gene therapy. Viruses have advanced to increase 
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Fig 2 | Practicing different viral vectors for gene therapy

Table 1 | Different Types of Viral Vectors
Vectors Genetic Material Main Class Capacity Examples Availability Advantages Drawbacks

Adenovirus dsDNA Enveloped 30 kba Ad5-D24, CG870, 
Ad5-CD/TKrep. 
recombinant H103, 
gutless adenovirus, and 
OBP-301

ONYX-015 Significantly efficient in 
transduction to many 
tissues

Capsid mediates 
inflammatory response

Adeno-associated 
viral vector

ssDNA Enveloped <5 kb Adeno-associated; 
parvovirus

– No Inflammatory 
response; non-
pathogenic 

Less packaging capacity

Herpes simplex 
virus 1

dsDNA Enveloped 150 kb Herpetic viruses; herpes 
simplex 1 and TVEC

– Large capacity to 
package

Inflammatory response; the 
transient gene expresses 
other than neuron

Lentiviruses RNA Non-enveloped 8 kb HIV-1, HIV-2, simian IV, 
and feline IV

– Gene transfer in most 
tissues is persistent

Might induce oncogenesis

Retrovirus RNA Non-enveloped 8 kb Moloney murine 
leukemia virus (MLV

– Gene transfer in dividing 
cells is persistent 

Might induce oncogenesis 
in some practices, 
transduces only dividing 
cells

Baculovirus Double-stranded 
circular DNA

Enveloped 130 kb Autographa 
californica multiple 
nucleopolyhedrovirus 
(AcMNPV)

BacVector 
1000 series)

Unstable in expression, 
infects non-dividing cells

Vaccinia virus Double-stranded 
linear DNA

Enveloped 190 kb Modified vaccinia 
Ankara (MVA) and 
NYVAC

– Expression transient due 
to an immune response; 
replicates in cytoplasm

Infects non dividing cells

aHelper dependent.

their feasibility of replication by inducing changes 
in cellular metabolism and imitate the changes that 
are gained by transformed cells such as arresting 
p53. Approximately 66.5% gene therapy trials have 
been intended for dealing with cancer.14

Nowadays, a number of selectively replicating 
viruses have emerged that lack the genes responsi-
ble for making copies in normal cells and mutant 
viruses are generated that can only replicate in target 
tumor cells in which missing function is supplied to 

gain safe tumor-specific replication. Mostly, oncolytic 
viruses have been engineered from adenovirus, and 
Herpes simplex viruses are also being tested in trials. 
These oncolytic viruses will be potent implements for 
the therapy of solid tumors. The handling of metasta-
ses will be a more daunting trial, and “virus therapy” 
probably becoming a feasible substitute conduct for 
some types of cancer in the subsequent few ages.9,15 
Some noticeable benefits of different viral vectors are 
listed below in Table 2.
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Table 2 | Advantages of Viral Vectors
Sr. No. Type of Viral Vector Advantages References

1 Adenovirus Make certain high sort of transgene expression 16,17  
18,19  
20–22Convenient as oncolytic (the virus that infects and kills cancer cells) vector

Carry up to 8 Kbp heterologous DNA

To undergo transduction in non-dividing and dividing cells

Vectors developed at high titers (1010 number of plaque-forming units/ml)

2 Adeno-associated viral vector To undergo transduction in non-dividing and dividing cells 23–25

Low immunogenic

Potential site-specific integration

Wide cellular tropism

Parental virus apathogenic

3 Herpes simplex virus 1 Natural tropism for neuronal (HSV vectors) 26–28

Wide cellular tropism

Can package 50 Kbp heterologous DNA

Convenient as oncolytic (virus that infects and kills cancer cells) vector

Vectors developed at high titers (1010 number of plaque-forming units/ml)

4 Retrovirus Viral vector genome integrates into host cell genome, more or less unplanned 29–33 

Wide cellular tropism

Can accommodate up to 8 Kbp heterologous DNA

Manufacturing fairly simple

Low immunogenic

Vector particles produced at high titers such as 106–108 pfu/ml

No or negligible pre-existing immunity

5 Lentiviruses Transduction in dividing and non-dividing cells 34,35,20,36,37

Viral vector genome incorporates into host cell genome

Availability of integration-defective vectors

Extended expression of the transgene

Can package up to 9 Kbp heterologous DNA

6 Poxvirus Accommodate up to 30 Kbp heterologous DNA 38,39

Transgene insertion can be at multiple sites

Specifically appropriate as weakened recombinant vaccine

Convenient as the oncolytic vectors

Level of pre-existing invulnerability is low

Role of Viral Vectors as Foes
Viruses show a beneficial role in some cases, but are 
being reputed highly detrimental and are considered 
negative particles. Some of the problems with vectors 
that are noticed while transferring genes to target cells 
include (a) toxicity produced because viral vectors are 
recognized as foreign materials, (b) immune responses 
of the cell directed in opposition to the cells that are 
transduced, and (c) the humoral immune response. 

To reduce humoral insusceptibility heading for a 
counter to the viral vector particle, one should make 
the obligatory repetitive administration of the vec-
tor because it is observed generally when the special 
effects of gene relocation are for a small period. It is 
considered that there is a theoretical possibility of 
the formation of harmful antibody-vector complexes, 
even by constructing a purified vector, the danger of 

tempting an immune response to the gene product is 
observed by the receiver’s immune response.

One weak point of gene therapy is that several immu-
nological defense systems are switched on against the 
viral vectors that are used to attack all wild-type infec-
tions. In addition, new products of transgene might 
be recognized as an outsider. The group of viral vec-
tors that is most immunogenic of all the viral vectors 
is the adenovirus vector, and the largest hurdle is to 
control this immunogenicity that is faced by research-
ers using these vectors.10 An additional daunting task 
is the challenge to fix up vectors that can fit into pre-
programmed locations inside the genome. This would 
evade arbitrary integration into actually detrimental 
locations that might end in harmful actions, as some 
noticeable drawbacks of different viral vectors are 
listed below in Table 3.
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Table 3 | Disadvantages of Viral Vectors

Sr. No. Type of Viral Vector Disadvantages References

1 Adenovirus Transient appearance of the transgene 16, 17 22 
18,20,40,21

Highly capable of producing immune response

The vector genome does not incorporate into the host cell genome

High levels of pre-existing immunity

2 Adeno-associated viral vector Less packaging capacity, up to 5 Kbp heterologous DNA 23–25

High vector titers hard to attain

Need co-infection by helper virus

3 Herpes simplex virus 1 Probable leftover cytotoxicity 26–28

The vector genome does not incorporate into the host cell genome

Transient expression of the transgene or B lymphoid cells (EBV vectors)

High levels of pre-existing immunity

Danger of recombination with latently herpes simplex virus-infected cells

4 Retrovirus Transduce only copying cells 29–33

Cellular targeting problematic to attain

Inappropriate for non-replicating cells

Unsystematic integration of the retroviral genome

Low stability

High risk of insertional mutagenesis

5 Lentiviruses Insertional mutagenesis is conceivable 34, 35,20,36,37

Existence of regulatory proteins in the packaging construct

Temporary expression of the transgene with integration-defective vector

6 Poxvirus Possibly cytotoxic 38,39

Generation of recombinants is problematical

Transient expression of the transgene

Exceedingly adept at producing immune response

Heterologous promoters difficult to use

Emerging Trends and Technologies
The clustered regularly interspaced short palindromic 
repeat (CRISPR)/Cas9 system is a gene-editing technol-
ogy. Viral vectors such as LV and AAV are commonly 
used to deliver CRISPR/Cas9 because of their strong 
binding and high in vivo efficiency. However, these 
vectors pose several challenges including the risk of 
undesired gene mutations, insertional mutagenesis, 
off-target effects, carcinogenicity, immunogenic reac-
tions, and limited transfection volumes.41

Conclusions
In clinical practices of gene therapy, the vectors have 
and will continue to make major contributions. A lot of 
distinct viral vectors are there to be discovered and uti-
lized yet. They will probably complement the current 
collection of resources available for this purpose. For 
all the gene therapy practices, no solitary viral vector 
system is promising to be optimum. In a specific length 
of time, trajectories should express a beneficial amount 
of transgene produced with the looked-for parameter. 
In the near future, though, we are hopeful to see gene 
therapy advancement to a great extent, the accurate 
realization of gene therapy is only possible by manip-
ulating the current vectors, or new vectors should be 

developed of the desired premises. Even though the 
prevailing viral vector systems have been adequate 
enough to gain some clinical achievements, many sci-
entific experiments have persisted in disclosing a num-
ber of administration and transport challenges.
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