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INTRODUCTION 

Gene therapy is a type of treatment which uses genes to 

treat illnesses. Researchers have been developing 

different types of gene therapy to treat cancer. This 

treatment technique is very flexible, and a wide range of 

genes and vectors are being used in clinical trials with 

successful outcomes. The broad field of gene therapy 

promises a number of innovative treatments that are 

likely to become importance in preventing deaths. These 

are – Gene Transfer, Immunotherapy, Oncolytic Viro 

Therapy, Viral Vectors, Non Viral Vectors, Gene 

Targetting, Cancer Gene Therapy. 

 

The concept of gene therapy follows logically from the 

supervision that certain diseases are caused by the 

heredity of a single functionally defective gene known 

monogenic defect, such as adenosine deaminase 

deficiency or Gaucher’s disease (also called 

glucosylceramide lipidosis) could be treated and 

potentially cured by the embodiment and evolution of a 

normal copy of the mutant or deleted gene in host cells. 

This idea of gene-replacement therapy represents the 

basic framework for the therapeutic proceed toward to 

monogenic diseases. If a renewable population of cells 

(e.g., bone marrow stem cells) could be transduced with 

normal copies of the target gene, only a single or limited 

number of treatments would be necessary. Otherwise, the 

gene would need to be repeatedly conducted to the 

patient over his or her life span. The recent identification 

of bone marrow stem cell populations and the ability to 

systematic transducer other long-lived hematopoietic 

cells has made this approach attainable enough for 

testing in clinical trials.
[1,2]

 

 

The treatment strategies that have evolved include the 

use of recombinant vaccines as immune therapeutics, the 

protection of bone marrow during chemotherapy by 

transducing a drug resistance gene into marrow stem 

cells, and the use of expression vector constructs that 

bring about the conversion of inactive prodrugs into 

active drugs. 
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ABSTRACT 

Gene-based therapies for cancer in clinical trials include strategies that involve enhancement of 

immunotherapeutic and chemotherapeutic approaches. These strategies include ex vivo and in vivo cytokine gene 

transfer, drug sensitization with genes for prodrug delivery, and the use of drug resistance genes for bone marrow 

protection from high-dose chemotherapy. Inactivation of on co-gene expression and gene replacement for tumor 

suppressor genes are among the strategies for targeting the underlying genetic lesions appearance on the cancer 

cell. A review of clinical trial results to date, primarily in patients with very advanced cancers cross- grained to 

convivial treatments, indicates that these treatments can mediate tumor recoil with acceptably low toxicity. Vector 

development remains a critical area for future research. Important areas for future research include modifying 

viral vectors to reduce toxicity and immunogenicity, increasing the transduction efficiency of non viral vectors, 

emiliorating vector targeting and specificity, regulating gene expression, and identifying synergies between gene- 

based agents and other cancer therapeutics, 
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Fig. 1: Schematic Diagram of Immunotherapy. 

 

Immunotherapy: (History) Immunotherapy, or the 

concept of aiding the immune system to target and 

destroy cancer cells, has been a goal of cancer treatment 

for over 100 years. However, limited success has been 

achieved with traditional immunotherapy, as cancer 

cells cater to amplify mechanisms that elude immune 

detection. A wide array of gene therapy techniques are 

being used to overcome this limitation.
[3]

 Currently gene 

therapy is being used to create recombinant cancer 

vaccines. Unlike vaccines for pestiferous agents, these 

vaccines are not meant to prevent disease, but to cure or 

contain it by training the patient’s immune system to 

recognize the cancer cells by presenting it with highly 

antigenic and immune stimulatory cellular debris. 

Initially cancer cells are harvested from the patient 

(autologous cells) or from established cancer cell lines 

(allogeneic) and then are grown in vitro. 

 

These cells are then engineered to be more recognizable 

to the immune system by the addition of one or more 

genes, which are often cytokine genes that produce pro-

inflammatory immune stimulating molecules, or highly 

antigenic protein genes. These altered cells are grown in 

vitro and killed, and the cellular contents are 

incorporated into a vaccine.
[4]

 Immunotherapy is also 

being attempted through the delivery of immune 

stimulatory genes, mainly cytokines, to the tumor in 

vivo. The method of introducing a gene to the tumor 

varies and is discussed in more detail in the gene transfer 

section of this review. Once in the cancer cell, these 

genes will produce proteins that dismantle the cells from 

immune elusion and encourage the development of 

antitumor antibodies.
[5]

 Another unique immunotherapy 

strategy facilitated by gene therapy is to directly innovate 

the patient’s immune system in order to sensitize it to the 

cancer cells. One approach uses mononuclear circulating 

blood cells or bone marrow gathered from the patient. A 

tumor antigen, or other stimulatory gene, is then added to 

the selected cell type. 

 

These altered cells are now primed to cause an immune 

reaction to the cancer cells leading to cancer eviction.
[6]

 

Alternatively, the gene can be added in vivo using a 

targeted delivery system, such as an altered viral 

particle.
[7]

 

 

Initial trials using first generation vaccines have 

produced mixed results, crowning both the potential for 

this therapy and the areas that still need to be perfected 

before these engineered cancer vaccines become part of 

standard cancer treatment. Early preclinical cancer 

vaccine models exhibited positive results. Murine models 

using murine colon adeno carcinoma cells exposing 

human Carcino Embryonic Antigen (CEA) displayed 

tumor depletion and long-lasting immune response when 

immunized with a vaccinia virus engineered to express 

CEA.
[8]

 However, when this type of vaccine was used in 

patients with breast cancer, no clinical response was 

observed.
[9]

 This early experimental treatment summits 

one of the limitations of using self- antigens for a 

vaccine. Although vaccines used for pestiferous agents 

generally lead to antigen- specific T-cell precursors in 

the range of 10%, with self-antigens of cancer this 

response is often <1%.
[10]

 Even when a successful 
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immune response is ascended in clinical trials, it can be 

difficult to uphold. In a prostate cancer vaccine trial, a 

patient who achieved normal Prostate Specific Antigen 

(PSA) levels for the year of the trial, developed rising 

PSA levels after vaccination was stopped. His PSA 

levels were stagnated again only with re-initiation of the 

vaccine therapy.
[11]

 These results, while not entirely 

positive, have given scientists a better understanding of 

the immune reaction to cancer and have led to the 

development of the next generation of cancer 

vaccines.
[12]

 

 

Current Clinical Trials: The next generation of 

vaccines is already in clinical trials for several cancer 

types. These trials were picked to expound the fact that 

there are wide ranges of trials in different stages of 

efficacy testing using a variety of vectors for many 

cancer types.
[13]

 Vaccines using engineered cells are 

demonstrating great promise for the treatment of many 

cancers that respond poorly to traditional therapy. 

Vaccine therapy for non-small cell lung cancer is an 

example of an autologous vaccine therapy that has had 

good results in clinical trials. Recent clinical trials with 

GVAX, a vaccine made from autologous tumor cells 

modified to manifest Granulocyte Macrophage Colony 

Stimulating Factor (GM-CSF) have led to further clinical 

testing. The initial phase I/phase II trial resulted in 3 of 

33 subjects experiencing complete abrogation and an 

additional 7 who achieved stable disease for an average 

of 7 months.
[14]

 A further phase II study comparing 

GVAX alone to GVAX combined with 

cyclophosphamide in advanced stage patients exhibited a 

clinical effect with 14 of the 53 participants experiencing 

stable disease and 1 patient experiencing stable disease 

for over 2 years. 

 

Median overall survival was between 5.4 months and 

9.5 months with longer survival times seen on the 

cyclophosphamide arm of the study. The vaccine is now 

being tested in at least two larger phase II trials and 

phase III testing is planned. Unlike past trials, these trials 

have shown a demonstrable, but somewhat modest, 

effect on patient survival and, if phase III studies 

continue to show this impact, have the potent to become 

part of a treatment regimen. In addition to lung cancer, 

GVAX is also being tested in other cancers. An 

allogeneic GVAX vaccine using a combination of 

prostate cell lines that are engineered to express GM-

CSF is being tested as a treatment for prostate cancer. 

This vaccine has been shown to increase the PSA 

doubling time of patients with dynamic prostate cancer 

and raise time to disease development by several months. 

Currently, several large phase III trials are in vogue to 

determine if there is an increase in life expectancy as 

well.
[15]

 Other clinical trials are displaying the potential 

of uncovering the tumor from immune foray using 

immune stimulatory genes inserted directly into the 

tumor tissue. For example, MDA-7 (IL-24), a cytokine 

that inclines cancer cell death, is currently in clinical 

trials for its ability to cause a systemic immune reaction 

in malignant melanoma patients.
[24]

 Melanomas have 

long been observed to extract an immune response from 

the patient and many efforts have been made over the 

years to rest this reaction to effect a cure. After 

packaging in a transcript trashy adenovirus, the MDA-7 

gene is injected intratumorally and inclines apoptosis. A 

clinical trial exhibited that this treatment lead to 

complete response and partial response in 2 of 28 

patients.
[16]

 In 22 other patients, systemic immune 

activation was observed, as well as local apoptosis.
[17]

 

The clinical response audited in these trials has 

commanded to a phase II study to ordain if this response 

can incline apoptosis in outlying metastasis via a 

systemic immune reaction when the vector is injected 

intratumorally. 

 

Current clinical trials questing to directly augment the 

immune system for cancer consumption also show 

promising results. One example of this type of 

immunotherapy is the current clinical trial using the 

recombinant vaccinia-TRICOM vaccines. These 

vaccines subsume a cancer antigen into a modified virus, 

either vaccinia or fowl pox, that also contain three 

immune stimulatory genes. These are - B-Lymphocyte 

Activation Antigen B7-1 (B7-1), Intercellular Adhesion 

Molecule 1 (ICAM-1) and Lymphocyte Function-

associated Antigen 3 (LFA-3).
[18]

 The PANVAC-VF 

vaccine is a vaccinia virus modified to deliver mucin-1 

(Muc-1) and CEA, in collation to the immune 

stimulatory genes. The vaccine is injected 

subcutaneously and followed by supporting vaccines of a 

fowl pox virus modified in the same manner as the 

vaccinia virus.
[19]

 This vaccine strategy recently 

completed a phase III trial in pancreatic cancer. In 

collation Prostvac, a vaccine that uses the fowl pox virus 

engineered to convey Muc-1 to incline an immune 

response, is demonstrating promising results. Phase I 

data figured a 3- to 4-fold increase in PSA doubling time 

when patients were given the vaccine. Currently, large 

phase II studies are in vogue.
[20]

 

 

Future Directions: While current clinical trials are 

improving much better than earlier ones, there are still a 

few areas that could be elevated. For example, many of 

the most promising vaccines count on autologous cells 

for vaccine production. These vaccines do give the 

patient a truly humanized vaccine; however, they may 

also present a long-term problem because of the charge 

and attempt needed to create it. Few hospitals contain 

a facility for vaccine production and substantial time and 

expertise are required to grow the cells and create a 

custom vaccine.
[21]

 One way around this barrier is the 

genesis of allogeneic alternative vaccines, though efforts 

to create an effective allogeneic alternative to GVAX 

have not been as successful in trials as the autologous 

GVAX vaccine. However, other allogeneic strategies, 

such as GM.CD40L, have been more successful. 

GM.CD40L is a vaccine built of autologous tumor cells 

mixed with allogeneic tumor cells that have been 

engineered to generate both Granulocyte-Macrophase-

https://www.tititudorancea.com/z/recombinant_vaccinia_tricom_vaccine.htm
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Colony- Stimulating Factor (GM-CSF) and CD40L. 

GM.CD40L is currently in a phase II trial for treatment of 

malignant melanoma.
[22]

 Combining these genes may 

lead to a stronger immune response than either gene used 

alone. In collation, in a pancreatic cancer trial, a vaccine 

of allogeneic pancreatic cancer cells fixed up to generate 

GM-CSF combined with surgery has shown majestic 

phase II results with 76% survival at 2 years balanced 

to the historic average of<50% at 2 years.
[23]

 As with 

any cancer single therapy, combination therapy using 

vaccines may be more feasible than vaccine therapy 

merely. Cancer vaccines that have put forward only 

polite immune response may find aptness as an adjuvant 

therapy for use after surgery or chemotherapy to extract 

any remaining cancer cells. With the current round of 

continuous clinical trials, the potential of gene therapy 

cancer vaccines is close to being fulfilled. The primary 

phases of vaccine improvement are being accomplished 

and it is likely that there soon will be feasible cancer 

treatments that incorporate vaccines into the therapy 

regimen.
[24]

 

 

 
Fig. 2: Schematic Diagram of Oncolytic Viro Therapy. 

 

Oncolytic Agents: (History) Another rising area of gene 

therapy treatment for cancer is the use of oncolytic 

vectors for cancer consumption. Like immunotherapy, 

this is a concept that has been around for almost a 

century and, like immunotherapy, it is undergoing a 

renaissance due to gene therapy.
[25]

 Oncolytic gene 

therapy vectors are generally viruses that have been 

genetically fixed up to target and shatter cancer cells 

while remaining harmless to the rest of the body. 

Oncolytic vectors are designed to pollute cancer cells 

and incite cell death through the extension of the virus, 

expression of cytotoxic proteins and cell lysis (figure 

2).
[26] 

A number of different viruses have been used for 

this purpose, including vaccinia, adenovirus, herpes 

simplex virus type I, reovirus and Newcastle disease 

virus.
[27]

 

 

Initial trials of oncolytic therapies have focused both its 

marvelous power, as well as unique obstacles to 

treatment effectuation. Mammalian models of oncolytic 

gene therapy have worked remarkably well. In murine 

models, both colon and bladder cancer have displayed 

survival benefits and minimized metastasis using 

oncolytic viral agents.
[28,29]

 In a canine model, using an 

oncolytic virus designed to shatter osteo sarcoma, 

survival was developed even in immune expert dogs with 

syngenic osteosarcoma.
[30]

 However, there are several 

unique nibbling blocks for oncolytic viro therapy in 

humans. Most people have antibodies to the common 

viruses used for therapy development which often leads 

to an immune response that clears up the viral agent 

before it has had time to pollute cells. In addition, the use 

of repitition competent viral particles often calls for 

enhanced safety measure, making clinical trials more 

costly and cumbersome.
[31] 

In a trial using a modified 

vaccinia virus to treat breast and prostate cancer, patients 

were required to be isolated in a specialized hospital 

facility for a week to ensure that the virus had 

completely cleared before being allowed back into the 

general population. Because of these limitations, there 

have been relatively few trials with oncolytic therapy. 

However, new vectors are being constructed and past 

experience is being incorporated into current trials to 

enhance results so that they forge those in animal studies. 

 

Current Clinical Trials: Even in this early stage, 

oncolytic viral therapy has shown some success. Both 

adenovirus and herpes virus agents have ongoing clinical 

trials for refractory cancers. The most citable adenoviral 

therapy is the ONYX-015 (originally named Ad2/5 dl 
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1520) viral therapy. ONYX-015 is an adenovirus that has 

been built to desiderate the viral E1B protein.
[32]

 Without 

this protein, the virus is unable to recapitulate in cells 

with a normal p53 pathway. In addition, the E1B protein 

is fundamental for RNA export during viral 

replication.
[33]

 Cancer cells often have deficiencies in the 

p53 pathway due to mutations and thus, allow ONYX-

015 to replicate and lyse the cells.
[34]

 Cancer cells also 

exhibit altered RNA export mechanisms that allow for 

the export of viral RNA even in the absence of the E1B 

protein.
[35]

 

 

ONYX-015 has been tested in phase I and II trials on 

squamous cell carcinoma of the head and neck that 

resulted in tumor recoil which correlated to the p53 

status of the tumor. Tumors with an inactive pathway 

showed a better response.
[36]

 Phase II trials of ONYX-

015, in combination with chemotherapy, showed even 

better tumor response and have led to a phase III 

study.
[37]

 In addition to squamous cell carcinoma, 

ONYX-015 is currently being tested as a prophylactic 

device for precancerous oral tissue, the theory being that 

even in the precancerous state, there are p53 pathway 

making inoperative mutations that will allow the 

oncolytic adenovirus to recreate and extract the cells 

before they become cancerous.
[38]

 The second type of 

oncolytic viro therapy undergoing clinical trials uses 

herpes simplex virus type 1 (HSV-1). Two vectors – i) 

G207 and ii) NV1020 are currently in phase I and phase 

II trials for treatment of refractory cancers. Mutations in 

several genes of these herpes viruses assure that they 

recreate efficiently only in cancerous cells. G207 is 

evolved so that it has wested neurovirulence and cannot 

duplicate in nondividing cells. NV1020, a derivative 

originally used for vaccine studies, has multiple 

mutations, including a refutation in the thymidine 

kinase region and a deletion across the long and short 

components of the genome, and an inclusion of the 

thymidine kinase gene under the control of the α4 

promoter. These viral vectors have two distinct cell 

killing mechanisms - i) The lytic portion of the life cycle 

directly kills cells and ii) The thymidine kinase that is 

revealed from the viral genes sensitizes cells to 

ganciclovir. These viral therapy vectors have been used 

with great success in vitro and in model animals against 

a wide number of solid cancers.
[44-46]

 Clinical trials using 

these vectors include a phase I trial of G207 for 

treatment of malignant glioma
[47]

 and a phase I/II trial of 

NV1020 for treatment of colorectal cancer metastases to 

the liver. In collation, NV1020 has also been examined 

for treatment of glioblastoma.
[39]

 

 

Future Directions: Because oncolytic viro therapy is not 

yet a mature technology, there is plenty of room for 

enhanced treatment vectors. In order for virotherapy to 

be successful, viral particle production rates in the 

polluted cancer cells must overtake the growth rate of the 

uninfected cancer cells. This may be difficult to acquire 

with large founded tumors
[40]

 and may mean that 

virotherapy must be united with an existing therapy, such 

as surgery, to reduce the number of cancer cells in the 

primary treatment. In collation, the most effective 

treatment delivery method is yet to be resolved. In 

preliminary studies, systemic injection required 1000x 

the viral load necessary to earn results than injection 

intratumorally.
[41]

 

 

 
Fig. 3: Schematic Diagram of Gene Transfer Therapy. 

 

Gene Transfer: (History) One of the most sensational 

treatments to emerge from the concept of gene therapy is 

that of gene transfer or inclusion. This is a completely 

new treatment paradigm involving the introduction of a 

foreign gene into the cancer cell or surrounding tissue. 

Genes with a number of different functions have been 

proposed for this type of therapy, including suicide 

genes, antiangiogenesis genes and cellular stasis genes 

(figure 3). A number of different viral vectors have been 

used in clinical trials to allot these genes, but most 

commonly have used a repetition trashy adenovirus. 

Nonviral methods, including naked DNA transfer and 

oligodendromer DNA coatings, as well as 

electroporation are also viable modes of gene delivery. 

The type of delivery vehicle chosen depends on the 

wished for specificity of the gene transfer therapy, as 
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well as the length of time the gene must be disclosed in 

order to be feasible. For example, a repitition 

incompetent adenoviral vector containing the Herpes 

Simplex Virus Thymidine Kinase gene needs only 

temporary expression to observe cell death and is 

generally distributed via an adenoviral vector.
[42]

 

However, antiangiogenesis genes, such as i) sFLT-1 and 

ii) statin-AE, need continuous expression for therapeutic 

effect and have been alloted using plasmids that contain 

a transposon to put in the gene into the cellular DNA.
[43]

 

 

Primary efforts to perform gene transfer therapy have 

revealed its promise, as well as some distribute 

difficulties. Delivery of the therapeutic gene to the target 

cells has to be useful enough to reveal a response and has 

been difficult to earn with many of the current 

technologies. In collation, extra provisions must be taken 

to assure the therapeutic gene does not combine into 

unwanted cell types, such as reproductive tissues. Earlier 

gene transfer trials suffered from gene silencing so that 

even if the gene was effectively introduced into the cell, 

it was not expressed or was expressed only for a limited 

length of time.
[44]

 Despite these hurdles, solid tumors 

such as prostate, lung and pancreatic tumors have been 

treated successfully in animal models using a variety of 

genes and transfer methods.
[45-47]

 

 

Current Clinical Trials: As gene transfer technology 

encloses such a diverse set of therapeutic options, it is 

impossible to describe examples for every treatment. 

TNFerade is one such treatment option that is currently 

in late stage II trials. This agent is a recreation trashy 

adenoviral vector that distributes the Tumor Necrosis 

Factor-α gene under the transcriptional control of a 

radiation inducible organizer. TNF-α is a cytokine with 

strong anticancer properties and high systemic toxicity, 

and TNF-α gene therapy provides for a way to target this 

molecule to only the cancer cells through the use of 

intratumoral injections and a organizer that is activated 

by radiation therapy. Once TNFerade is injected, the 

patient then receives radiation therapy to the tumor to do 

active the gene. The gene then produces the TNF-α 

molecule which in combination with the radiation 

therapy raises cell death in the affected cancer cells and 

surrounding cells.
[48]

 A phase I study of patients with soft 

tissue sarcoma using TNFerade showed an 85% response 

rate including 2 complete responses.
[49]

 In another large 

phase I study of patients with histologically confirmed 

advanced cancer, 43% of the patients exhibited an 

objective response with 5 of 30 demonstrating complete 

response to the treatment.
[50]

 Higher studies are being 

handled using TNFerade for treatment in pancreatic, 

esophageal, rectal cancer and melanoma.
[51,52]

 A gene 

transfer technology that demonstrates great promise is 

the recreation trashy adenovirus distributing the HSVtk 

gene to a tumor followed by ganciclovir treatment. 

Ganciclovir is not toxic unless metabolized by the 

HSVtk gene and therefore only the cancer cells that are 

acted with the gene and the surrounding cells will be 

polluted by treatment. In a large phase I study involving 

glioblastoma patients, the HSVtk-built viral treatment 

raised median survival from 39 weeks to 70.6 weeks and 

was the first glioblastoma gene therapy trial to show off 

any mensurable development in survival.
[53]

 

 

Future Directions: Gene transfer, while a radical new 

type of treatment, is also the only gene therapy product 

to acquire regulatory approval in any global market, as 

shown by China’s 2003 approval of Gendicine for 

clinical use. 

 

Gendicine is a altered adenovirus that distributes the p53 

gene to cancer cells and is permitted for the treatment of 

head and neck squamous cell carcinoma. Since approval, 

thousands of patients have been treated in China; 

some with repeated injections. As yet, large-scale 

potency trial results have not been disclosed; which are 

eagerly waiting. Current gene transfer trials have 

exhibited statistically great survival developments for 

cancers such as glioblastoma and pancreatic cancer, as 

discussed earlier. These studies have presumed that 

very inspiring signs that current research is on the right 

path. New delivery methods and more impure gene 

manifestation cassettes will generate better therapeutic 

substitute to make the goal of cancer treatment and 

eviction attemptable.
[54]

 

 

VIRAL VECTORS: Viruses have the natural ability to 

offer the nucleic acids among its own genome to specific 

cell types, which includes cancer cells. This ability 

makes those fascinating and popular gene-delivery 

vehicles. i. Retro viruses, ii. Lenti viruses, iii. Adeno 

viruses, iv. Adeno Associated Viruses, v. Herpes 

Simplex Virus, vi. Pox Viruses, and vii. Baculo 

Viruses. 

Baculo Viruses are commonly adjusted and used as gene 

therapy vectors in cancer. In collation, Chimeric Viral 

Vector systems uniting the properties of two or more 

virus type are also improved. 
[55]

 

a. Retroviral vectors emerged from retroviruses, hold 

a linear single-stranded RNA of around 7 kb- 10 kb 

and have a lipid parcel. The viral particles enter the 

mammalian cells disclosing appropriate receptors 

for retroviruses.
[56]

 After entering the cell, the viral 

inverse transcriptase forges the virus RNA into 

double-stranded DNA (dsDNA). The dsDNA 

imitated in the cytoplasm creates a Nucleoprotein 

Pre-integration Complex (PIC) by formating cellular 

proteins.
[57]

 The PIC wanders to the nucleus and 

thereby fulfills the host genome. The ability of 

transgene reveal in only dividing cells is an 

advantage of retroviral vectors for cancer gene 

therapy to neglect undesired expression in non 

dividing cells of surrounding tissues. The 

incorporation of retroviral genes into the host 

genome provides for long term expression of 

transgenes. Although this is expedient, a nonspecific 

incorporation of viral DNA could impair the 

function of host gene or encourage stray expression 

of a cellular oncogene.
[58]

 The possibility of 
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generating recreation trashy retroviruses is another 

safety issue regarding the clinical use of those 

vectors.
[59]

 

b. Lentiviral vectors emerged from retroviruses, can 

provoke fixed integration of the transgene into the 

host genome with long term gene exposure. The 

ability of transferring both dividing and non dividing 

cells make those vectors more compatible and expert 

gene transfer vehicle over retroviruses. Making goal 

procedures of vectors at the level of cell entry and 

transgene imitation developed the use of Lentiviral 

vectors in gene therapy trials.
[60]

 However, the 

biosafety keeps connection with random integration 

to the host genome as in retroviruses are the 

limitations of those vectors. 

c. Adenoviral vectors are broadly used to apprize the 

therapeutic genes into the tumor cells. They can 

pollute a broad range of cell types, transfer the genes 

being not dependent on cell division and have high 

titers and high level of gene expression.
[61]

 The most 

widely used serotypes of adenoviruses to gain 

vectors in human cancer gene therapy studies are 

type 5 (Ad5) and type 2 (Ad2). They have the 

capacity of approximately 8 kb- 10 kb of therapeutic 

genes with first generation vectors and up to 36 kbp 

with spineless third generation adenoviral vectors.
[62]

 

Adenoviruses could be built either as lack of 

replication by erasing the immediate early genes of 

E1 or replication suitable keeping the E1 region. 

d. Adeno associated viruses are simple viruses with 

approximately single stranded DNA (ssDNA).
[63]

 

They comes from parvo virus family and demand a 

helper virus such as adenovirus or herpes virus for 

lytic recreation and release from the cell.
[54]

 They 

can corrupt a mass variety of cells independent of 

cell cycle. This property makes AAV as suitable 

vectors for cancer gene therapy. AAV could transfer 

certain cell types. Therefore, setting goal strategies 

such as shuffle of viral capsid proteins, tieing 

monoclonal antibodies, or bispecific proteins have 

been developed to improve the efficiency of AAV 

systems in cancer gene therapy.
[65,66]

 

e. Herpes simplex virus is a large DNA virus with 

approximately 152 kb of dsDNA genome. It has a 

natural tropism to nerve tissues and cannot complete 

the host genome.
[67]

 The HSV vectors can be 

sketched in three different types as a. Amplicons, b. 

Replication-defective, and c. Replication-suitable 

vectors.
[68]

 In general, the replication suitable HSV 

vectors are used as oncolytic agents in cancer gene 

therapy studies.
[69]

 

f. Poxviruses were the primary viruses to be used as 

gene therapy vectors. They have been used in the in 

vitro production of proteins and as live vaccines. 

The wasted forms of poxviruses have been 

developed and used in the development of genetic 

cancer vaccine trials.
[70]

 The immune stimulatory 

properties of poxviruses make them desirable agents 

to incite immunity against tumors. In particular, the 

wasted Modified Vaccinia Ankara (MVA) virus 

emerged from Chorioallantoid Vaccinia Ankara 

(CVA), has been entirely used in cancer vaccine 

development procedures.
[71]

 

g. Baculoviruses are covered viral particles with a 

major dsDNA of approximately 80 kb- 180 kb. They 

naturally defile cells. There have been no diseases 

related to baculoviruses in humans. Including their 

highly safety profile in humans, they seem very 

useful gene therapy vehicles with their highly large 

cargo capacity of approximately 40 kb with possible 

multiple inserts, easy manipulation and creation.
[72] 

Autographa californica Multiple Nucleo Polyhedro 

Virus (AcMNPV) is the most entirely used types of 

baculovirus in gene therapy studies. They are 

already accepted for the production of human 

vaccine eliments such as Cervarix in cervical cancer 

and Provenge (Dendreon) in prostatic cancer.
[73]

 

 

NON VIRAL VECTORS 

a. Plasmid DNA, which is widely used as non viral 

gene therapy modality, is easily fell down by 

nucleases.
[74]

 Therefore, some procedures to 

minimize the size and obstruct the degradation have 

been raised. The most commonly used agents for 

gene delivery are cationic lipids.
[75]

 The cationic 

head group of the lipids ties up to DNA and the lipid 

tail enables the collapse of the DNA lipid 

complex.
[76]

 Cationic lipid DNA complexes 

(lipoplexes) enter the target cell via an endosomal 

pathway. However, the transgene disclosure skill is 

very low with lipoplexes. It has been demonstrated 

that only a very small portion of the systemically 

injected DNA could be reached to tumor tissue.
[77]

 

b. Neutral liposomes composed of DOPC (1,2-

dioleyl-sn-phosphatidyl choline) and DOPE (1,2- 

dioleyl-sn-phosphatidyl ethanol amine) and 

polycationic carrier proteins as protamine, 

polylysine, polyarginine, polyhistidine, or 

polyethynilemine (PEI) are also suitable to carry the 

DNA.
[78-81]

 The hydrophobic polymers, such as 

polyethylene glycol (PEG), polyhydroxy 

propylmethacrylamide (pHPMA), and polyvinyl 

pyrrolidine (pVPyrr), have also been used to take 

disguise the positive charge of DNA to prolong its 

half-life in the blood.
[82-83]

 Both the neutral 

liposomes and hydrophobic polymers yield less 

toxicity when observed systemically. The cracky 

nature of the blood vessels of the tumors allows the 

inflow of macromolecules as polymer shielded 

DNA into the tumor. 

 

The PEGylation of plasmid DNA has been made a report 

to circulate in the blood several hours and passively save 

up in the subcutaneous tumors in animals.
[84]

 

 

Gene Targeting: In order to maximize the therapeutic 

index of cancer gene therapy, the disclosure of 

therapeutic genes could be limited to the target tissues. 

Therefore, the targeting of gene therapy vectors is the 

chief key for the success of those treatments. There are 
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two main targeting procedures. These are - 1) physical 

targeting and 2) biological targeting. 

 

a. Physical Targeting: The first one is physical 

targeting by means of some physical methods such 

as local injections, urinary catheters, gene guns, and 

electroporation. This strategy is commonly used for 

local delivery of gene therapy vectors and is 

therefore not worthy for most of the cancer patients 

who may have cancer expansion throughout the 

body. Super coiled DNA molecules and oligo 

nucleotides are also successfully distributed to the 

cells of the skin following intradermal injection to 

the tumor submits accessible by local injections. 

However, intratumoral injection might have only the 

transducing capacity of the cells neighboring the 

needle. The tumor deposits in the body cavities such 

as peritoneum, pleura, and meninges and in 

subcutaneous tissues are the potential targets for the 

physical targeting of the gene therapy vectors in the 

clinic.
[85-86]

 

b. Biological Targeting: In a second step or strategy, 

the viral or non viral carriers of the genes are 

reshaped in such a way that they can only tie up to 

tumor cells but not the normal cells. As the low 

transport skill of the currently used gene therapy 

vectors in outlying tissues when observed 

systemically, the specific transgene expression or 

viral recreation in target tissues could give an 

opportunity to earn sufficient antitumor activity. To 

achieve this goal, transcriptionally and 

transductionally focused vectors have been 

improved. For safety reasons, mostly the replication 

faulty vectors have been used to transfer the 

therapeutic genes into tumor cells. Therefore, 

recreating vectors could efficiently transfer genes 

and also gain the therapeutic skill by means of its 

oncolytic effect. Such vectors could be targeted in 

such a way that they can replicate among the tumor 

cells but not in normal cells and don’t provoke local 

or systemic toxicity. 

c. Transcriptional Targeting: It takes advantage of 

DNA regulatory elements (promoter/enhancer) that 

enable the expression of transgenes among specific 

cells, would probably remit the toxicity of the 

treatment while enhancing the specificity. The 

enhancers used to handle the transgenes in viral or 

non viral vectors systematical targeted in cancer 

therapy could be tumor-selective, inducible, or cell 

cycle. Certain genes have been revealed specifically 

in tumors such as L-plastin, survivin, telomerase, 

and midkine.
[87]

 The vector sets up carrying tumor 

specific promoters such as L-plastin, survivin, and 

midkine have been demonstrated to efficiently 

destroy tumor cells while setting free normal 

cells.
[88-90]

 Likewise, the tumor type specific group 

of selective enhancers exposes a pattern of tumor 

tissue specificity. The enhancers of oncofetal 

antigens such as carcino embryonic antigen (CEA) 

and alpha-feto protein (AFP), mucin 1, and 

oncogenes such as c-erbB2 and MYC have been 

used broadly in the transcriptional targeting of gene 

therapy vectors to achieve specific transgene 

disclosure in tumor tissue.
[91-95]

 The phenotypically 

heterogeneous expression of certain genes in certain 

tissues construct the basis of tissue-specific 

enhancers in cancer gene therapy. The tissue 

specificity of those genes is largely controlled at the 

transcriptional level. Therefore, the promoters of 

those genes have been used to target cancer gene 

therapy vectors to specific tumor types in a specific 

manner of their origin of tissues. The tissue-specific 

promoters such as PSA in prostatic cancer
[96]

, 

tyrosinase in melanoma
[97]

, albumin in 

hepatocellular carcinoma
[98]

, thyroglobulin (TG) in 

thyroid cancers
[100]

, glial fibrillary acidic protein 

(GFAP) in glioblastoma
[101]

, and osteocalcin (OC) in 

osteosarcoma
[102]

 have been used to specifically 

focus on those tumors. In collation, drug-inducible 

systems such as tat-on/tat- off controlled by 

tetracycline or rapamycin could give a wide-dose 

response range in the treatment.
[103]

 

d. Transductional Targeting: The second step or 

strategy of biologic targeting is to build the either 

viral or non viral vectors in such a way that they 

can be seized only in tumor tissues, and 

therapeutic genes are generated only in the 

environment of the tumor tissue. There have been 

much affords to correct the vectors with tumor cell- 

specific ligands that would gain the specific tieing 

up to tumor cells and decrease the toxicity. 

Therefore, targeting DNA complexes to the tumor 

cell-specific receptors is an attractive strategy. One 

of the well-known procedures is coating the surface 

of the complexes with transferrin, an iron-binding 

plasma protein that is mainly an up to controlled 

disclosure on rapidly grow cells as tumors.
[104]

 

Likewise, coating with EGF has also been made a 

report to provoke a 50 fold increase in the transgene 

disclosure in hepatocellular carcinoma cells.
[105]

 The 

suicide gene HSV-TK/PEI complex combined with 

a single chain antibody (scFv) against EGFR with a 

negatively charged oligopeptide tail has shown 

EGFR specific gene transfer in vitro and in vivo.
[106]

 

There are mainly two strategies to redirect the viral 

vectors to the cells. They are i) conjugate-based and 

ii) genetically modified viral membranes. In the 

conjugate based strategy, it is aimed to complex the 

vector with the targeting molecule that redirects the 

vector to the cell specific receptors. Bispecific 

molecules containing a first specificity for the fiber 

knob to block binding to CAR gene and the second 

specificity for a cell specific receptor, such as 

bispecific fusion proteins (antibodies), bispecific 

peptides, polymer interposed ligand coupling and 

chemical modifications, have been taken advantage 

of target adenoviral vectors.
[107-109] 

AAV own a 

highly favorable safety profile and have the supreme 

potential in certain cancer models. However, they 

have a limited range of cells to transduce transgenes 
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to the target tissues. In order to enlarge the 

transduction skill of AAV in various tissues 

retargeting procedures such as engineering of viral 

capsid, monoclonal antibodies and specific peptides 

have been used to successfully retarget the AAV 

vectors.
[110-111]

 The selective targeting of viral 

vectors to specific cells gives permission the cell-

specific disclosure of transgenes and enables the 

systemic administration of the vectors. Neglecting 

the target of the native receptor found on immune 

and inflammatory cell surfaces also decrease the 

immunity and inflammation to those vectors. 

Replicaion Competent Retroviral Vectors (RCR) 

counted on Murine Leukemia Virus (MLV) illustrate 

an interesting system for gene distribution through 

their ability to recreate and provide long term 

transgene expression in rapidly growing cells.
[112]

 

 

CONCLUSIONS 

Conceptually, it is possible to augment the technique of 

gene therapy to cancer prohibition, that is, to use it to 

pause the progress of premalignant wounds to invasive 

cancer. For example, premalignant wounds, such as 

bronchial dysplasia or Barrett’s epithelium, have tumor 

crusher gene mutations that may be amenable to gene 

therapy.
[113]

 In any case, prohibiting the improvement of 

invasive cancers is clearly desirable to treat them once 

founded. So far, the application of gene therapy agents in 

phase I trials has been restricted to patients with 

advanced irremediable cancer. However, once the safety 

and efficacy of these agents have been exhibited, trials in 

patients with earlier stages of disease should be taken 

charge. Indeed, there is a dynamic role for these agents 

in the treatment of patients with limited invasive cancer. 

Since local assiduity of local disease is still a great 

matter for many cancers, such as those of the lung, head 

and neck, and pancreas, intralesional injections or 

adjuvant use of gene- based agents to prevent local 

recurrence after surgery could be deliberated. Sites of 

limited metastatic disease could also be injected with 

these agents percutaneously. Although the first clinical 

protocols in gene therapy began just 5 years ago, 

progress has been speedy and important observations 

have gone out from ongoing clinical trials. In general, 

retroviral vectors enter to be safe vehicles for gene 

transfer. Neither short- nor long-term toxicity has yet 

been attached with these vectors. Gene transfer and 

disclosure into cancer cells in vivo are possible, both 

with viral and non viral vectors. Tumor recoil has been 

observed by several investigators for immunotherapy, 

drug sensitivity, and tumor antisense protocols. The 

fundamental knowledge of the molecular genetics of 

cancer and the mechanisms underlying carcinogenesis is 

spreading rapidly. Consequently, the design and 

testing of therapeutic procedures targeted to the 

fundamental processes that have tainted in the cancer cell 

may allow the development of novel cancer treatment 

and prohibition strategies. Moreover, developments 

in vector design that increase the efficiency of 

disclosure, that grows the rigor of targeting, and that 

decrease toxicity should also improve response rates. 

Although much research needs to be done, the 

possibility of specific gene targeting with a high 

therapeutic index makes this area of gene therapy a 

promising one for future investigations. While not all the 

current trials will conduct to a durable therapeutic agent, 

there is great hope that these advances will help expel 

cancer to a manageable chronic disease without heavy 

suffering and death. 

 

 
Fig. 4: Gene Therapy in Cancer Diagram. 
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