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ABSTRACT

The 21st century has revolutionized medicine and with it the emergence of new treatment trends and the improvement of others not 
so new where gene therapy is found; an alternative that is gaining space in the profiles of cancer therapy. With the aim of describing the 
main characteristics of gene modification techniques and their use in cancer treatment or as an adjuvant in traditional treatments, 35 
bibliographic references were reviewed where it was pointed out that: even though cancer is a monogenic disease, it is one of the main 
targets for this practice. The main techniques are aimed at strengthening our body and promoting neoplastic self-destruction in different 
ways. Gene therapy is an antineoplastic alternative that, although it is not a cure, promises to obtain very good results in the future.
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INTRODUCTION

When talking about cancer, it refers to a group of diseases 
characterized by the rapid proliferation of abnormal cells [1] and 
is characterized by spontaneous and uncontrolled cell growth and 
multiplication, and which is the result of the phenotypic genotypic 
transformation of the normal cell; it tends to invade surrounding 
tissue and is therefore capable of metastasizing [2].

Another of the properties of cancer that gives it its great 
malignancy is the formation of new blood vessels, an essential 
stage for the establishment and growth; therefore, angiogenesis 
has become important as a target base for many treatments [2]. On 
the other hand, multiple oncogenes and tumor suppressor genes 
that participate in tumor initiation and progression have been 
described. In this sense, two possible patterns of cell proliferation 
can be distinguished: Stochastic model: the somatic cell is the one 
that presents the mutation and, of this, an uncontrolled division with 
accumulation of new genetic alterations until reaching the tumor 
state. Each tumor cell shares the same characteristics and can form 
new primary tumors. Hierarchical model: tumor formation begins 
with a tumor stem cell, which explains the cellular heterogeneity 
present in neoplastic processes from the cellular differentiation of 
daughter cells. It seems clear that the tumor stem cell is present 
in multiple histological types of cancer, including leukemia, brain 
tumors, breast cancer, and it is proposed that it could be present in  

 
all cell types [3]. Since the discovery of cancer to the present day [4] 
there have been multiple treatment alternatives, but many have the 
tumor stage as a drawback [5].

In recent years, the great advances in biotechnology and 
cybernetics are allowing the search and functional characterization 
of many genes contained in the cell [6], which has made it possible 
to conceive the primordial molecular processes that cause the 
transformation of a normal cell into a tumor cell, together that 
it has allowed the development of highly sophisticated and 
individualized diagnostic and therapeutic methodologies according 
to the molecular biological profile of the patient’s tumor. Gene 
therapy is one of the main alternatives and with promising results 
in the treatment of cancer. It involves the treatment of a disease by 
transmitting gene material to specific cells of a patient in order to 
correct, activate or generate a new activity [7].

Although the beginnings of gene therapy date back to 1980, 
when Martin Cline made an unsuccessful attempt to cure two 
patients with thalassemia using this technique without prior 
authorization, the approval of the first clinical protocol with 
the insertion of a gene into a human being was made in January 
1989. The application was submitted by Anderson, Blaese and 
Rosenberg and was not properly a gene therapy. In September 
1990, the same authors conducted the first successful gene therapy 

https://dx.doi.org/10.38125/OAJBS.000271
https://dx.doi.org/10.38125/OAJBS.000271
https://biomedscis.com/


                   Carlos Miguel Campos Sanchez

       2021 Open Access Journal of Biomedical Science       Open Acc J Bio Sci. March-April- 3(2): 932-935C

Review Article

933

clinical trial; the patient was a 4-year-old girl with adenosine 
deaminase deficiency, a very rare recessive disease that causes 
severe combined immunodeficiency. The treatment consisted of 
introducing the gene, and although the results were positive and 
the girl could lead a normal life since then, the treatment required 
to be repeated. Since then, hundreds of patients have received gene 
therapy for various conditions around the world. In recent years, 
trials have been conducted for some inherited disorders such as 
cystic fibrosis, familial hypercholesterolemia, Gaucher disease, and 
Cancer. However, it is necessary to bring up another element to 
close the gap between gene therapy as a therapeutic option and as 
an ethical controversy [8].

OBJECTIVE

To describe the main characteristics of gene modification 
techniques and their use in cancer treatment or as an adjuvant in 
traditional treatments.

DEVELOPING

Gene therapy is an alternative therapy to conventional drugs 
for the treatment of inherited, acquired, infectious or metabolic 
genetic diseases. We can differentiate two types of gene therapy 
according to the cells on which it acts [7]. Somatic gene therapy: 
consists of the insertion of functional genes that are absent in the 
individual. It is carried out in all the cells and tissues of the body 
with the aim of treating a disease or making a labeling, so that the 
modifications introduced, if they manage to last in the cell, are not 
heritable and only take place in said patient.

Germinal Gene Therapy 

On the other hand, it causes the gene expression of the 
administered genetic material to be maintained in the offspring. 
Currently there are many ethical and legal conflicts with this type 
of gene therapy in germ cell lines, so it is not allowed. Until 2016, 
2356 approved gene therapy clinical trials have been reported 
being carried out or completed in the world, the clinical protocols 
of Gene Therapy that have been carried out have been somatic 
therapy, [9] germ therapy is not authorized in any country, since an 
offspring with beneficial characteristics would be created over the 
rest of the people, who did not benefit from the therapy [10]. The 
forms of administration that exist in gene therapy are In Vivo and 
Ex Vivo therapies.7.9.14 The one that obtains the best results is Ex 
Vivo therapy [7].

An Ex Vivo approach involves the transduction of cells in culture 
followed by the injection of these modified cells into the target 
tissue. The genetically modified cells secrete the desired protein at 
the injection site. An advantage of this approach is the possibility of 
using non-viral vectors. Although this method results in a relatively 
low transfer efficiency, untransformed cells can be easily selected. 
Furthermore, cells can be well characterized and expanded before 
transplantation. Cells used for Ex Vivo gene therapy must be easily 
accessible and able to survive for longer periods of time in vitro 
without significantly changing their phenotype.

In vivo gene delivery involves the direct introduction of vectors, 
usually viruses. In Vivo administration minimizes manipulation 
of the target cell population by directly delivering these cells into 
their current environment. There are two main disadvantages: 
an immune response of the host towards the vector and infected 
cells, and the inability of most vectors to become unshakable in the 
host genome. Vectors used in gene therapy are varied but can be 

classified as viral or not. Therapeutic targets have been summarized 
with essentially four potential mechanisms [11-13]. 

Compensation Mutation

An attempt is made to correct causal molecular lesions for 
malignant transformation. Molecular chemotherapy: Selective 
delivery or propagation of gene products toxic to cancer or tumor 
stromal cells. Genetic immunoenhancement: Achieve active 
immunization against tumor-associated antigens by gene transfer 
either in tumor cells or cellular components of the immune 
system. Virus-mediated oncolysis: Viral vectors with conditional 
replication in tumor cells exerting oncolysis with direct cytopathic 
effects. According to the type of disorder, gene therapy is performed 
through one of the following approaches [14].

Gene Addition

Consists of introducing a correct copy of the functional gene so 
that it produces the corresponding protein in adequate quantities 
in the tissue to be treated. It is the most used procedure.

Gene Correction

Seeks to correct the altered gene by replacing it with the correct 
gene through homologous recombination, although at the moment 
this method is not very efficient. Instead, it is possible to exchange 
a specific mutated nucleotide, which is useful for treating diseases 
with point mutations.

Gene Suppression

Consists of reducing the expression of a certain gene, which is 
achieved through the use of interference RNA (shRNA) that induces 
the degradation or silencing of the target messenger RNA (mRNA). 
On the other hand, Hernández-Alcoceba proposes a schematization 
based on the function of therapy [11].

Transfer of Tumor Suppressor Genes

The treatment can affect the base of the cancer and inhibit 
the expression of oncogenes or transfer correct copies of tumor 
suppressor genes that have had deletions or mutations. In this way, 
tumor cells regain their response to pro-apoptotic stimuli, and they 
become more sensitive to chemotherapy.

Transfer of Cytotoxic Genes

By using selective routes of administration or modifications 
of the tropism of the vectors (targeting), it is possible to achieve 
a relatively specific transfer of genes into tumor cells. This allows 
the introduction of “suicide” genes that by various mechanisms 
(apoptosis, necrosis) cause destruction.

Angiogenic Inhibition

Certain polypeptides, such as angiostatin, endostatin, and 
others, have been shown to inhibit the formation of new vessels in 
tumors and control their growth.

Gene Immunotherapy

Stimulation of the immune response against cancer cells. 
Modulation of the immune response to a neoplasm is one of the 
most promising aspects of the previously described strategies, this 
as in T-cell immunotherapy, for example, with a growing number of 
clinical trials related to CAR (chimeric antigen receptor) [14].
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Virotherapy

The so-called oncolytic viruses are those that, either naturally 
or through genetic modifications, cause preferential destruction 
of tumor cells over normal cells [11]. The number of open cancer 
studies registered is increasing rapidly; As of December 2015, there 
are more than 200 protocols with the enrollment of more than 8000 
patients worldwide. Approximately 40% of the protocols address 
the use of CAR T cells with the majority of trials (85%) being 
conducted in the US and China. About 65% of studies are directed 
against hematologic malignancies [15].

There are several drugs under study that use gene therapy 
as the basis of treatment. Among them, those aimed at treating 
breast cancer [16], hepatocarcinoma [11], melanomas [17], uterine 
sarcoma [20,21] and others stand out.

Talimogene laherparepvec (T-VEC) is a drug with a basis in 
oncolytic therapy, it is a virus established from herpes simplex type 
1 and its functionality is studied in the treatment of melanoma [17-
20]. Clinical studies express that T-VEC increases the local immune 
response even distant.

Gendicine is a drug that is combined with traditional 
chemotherapy and according to a study in Japan it is used with 
good results in uterine sarcoma [21,22]. The drug is based on a p53 
prototype administered with an adenovirus vector [23].

Stimuvax or L-BLP25 is a liposomal vaccine based on a 25 
amino acid synthetic peptide containing the repetitive sequence 
of the MUC1 extracellular domain, attached to a lipid structure 
(cholesterol, dimyristoyl phosphatidylglycerol and dipalmitoyl 
phosphatidylcholine) and lipid A as an adjuvant. IgM and IgG 
antibodies against MUC1 have been found in the sera of healthy 
multiparous women; possibly generated by an increase in MUC1 
production during pregnancy and lactation, and these antibodies 
are believed to have a protective effect capable of reducing the 
risk of breast cancer. It is worth noting that MUC1 is aberrantly 
glycosylated in cancer cells, so its structure differs widely from 
that expressed in normal cells, so an antibody directed against 
the aberrant MUC1 of the cancer cell may not affect normal tissue 
[1,24].

Ipilimumab (anti-CTLA-4) is a recombinant human monoclonal 
antibody (IgG1 kappa immunoglobulin) approved by the Food and 
Drug Administration (FDA) in 2011 for the treatment of metastatic 
melanoma. The human monoclonal antibody nivolumab (anti-
PD-1) is an IgG4 kappa immunoglobulin licensed in Japan in 2014 
for the treatment of unresectable melanoma. The FDA approved 
the humanized monoclonal antibody pembrolizumab (IgG4 kappa 
immunoglobulin) against PD-1 in September 2014 and nivolumab 
in December 2014, both for the treatment of advanced melanomas. 
In March 2015, the FDA approved nivolumab for the treatment of 
lung cancer [25].

MUC_1 is another of the drugs this is a transmembrane 
glycosylated protein in the normal cell is expressed only in the apical 
portion of the epithelial cells but in the cancer cell it is expressed 
up to 100 times more and with generally abnormal glycosylation; 
So far, three variants of vaccines have been developed with MUC_1 
antigen based on vaccinia virus, dendritic cell and DNA vaccine. All 
with encouraging results for breast cancer [26,27].

Other new drugs are currently being discussed and with 
promising achievements, this is the case of Poxvirus JX-594, which 

is an oncolytic virus used in hepatocellular carcinoma [28,29], NY-
ESO-1 [30], Trastuzumab [31,32], Anti VEGF [33] and Bevacizumab 
[34,35].

CONCLUSION

Gene therapy has gained extraordinary value in the treatment 
of cancer in the last decade, although it is not yet the cure for 
this pathology, more and more protocols are approved and 
with encouraging results. The main techniques are aimed at 
strengthening our body and promoting neoplastic self-destruction 
in different ways.
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