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Dear editor,
Gene therapy is known as a technique of delivering the

genetic material to the patient’s body to correct the altered
genes or site-specific modifications that have therapeutic
effects (1). Gene therapy is divided into two categories of so-
matic gene therapy (SGT) and germline gene therapy (GGT)
(2).

SGT is a condition in which the therapeutic genes are
transferred into somatic cells. Any modification cannot
pass to the next generation, and the offspring of the pa-
tient can develop the disease (1). Two techniques are used
in SGT, ex vivo and in vivo. In the first type, cells are cul-
tured outside the body, exposed to the viral vector for ge-
netic modification, and then, transferred to the patient’s
body. Another type is based on the direct administration
of the vector to the cells of the body (Figure 1) (3).

GGT focuses on germ cells (oocytes and sperms) or the
preimplantation embryo. In this method, the germ cells
are modified by the entrance of functional genes into their
genome. This causes permanent changes that are inher-
ited by all next generations (4).

One of the main aspects of gene therapy is the opti-
mization of delivery vehicles (vectors) that are mostly plas-
mids, nanostructured, or viruses. The viruses are the best
candidate for gene delivery due to their excellence in in-
vading cells and inserting their genetic material (1).

Gene therapy is considered a promising approach in
the treatment of various diseases, such as autoimmune dis-
eases, diabetes, cancers, and heart diseases that cannot be
treated using conventional methods (5).

The US Food and Drug Administration (FDA) approved
the first gene therapy approach, which was conducted in
1989. In this study, immunotherapy was performed for pa-
tients with advanced melanoma (6).

In 2017, the US FDA approved Voretingene voretigene
(Luxturna, Spark Therapeutics Inc) for the treatment of
RPE65-associated leber congenital amaurosis (LCA) (7).

Type 1 diabetes mellitus (T1DM) is an autoimmune dis-
ease characterized by destroying insulin-secreting islet β
cells mediated by T cells. Manipulating of responsible
genes of this disease by gene therapy could help manage
the disease and even cure T1DM (5). Rao et al. demonstrated
that the transfer of thehepatocyte growth factor (HGF) genes
using adenovirus into rodents’ pancreatic islets increased
the expression of these genes. Overexpression of HGF in-
duced theβ cells proliferation and enhanced their survival
and functions (8).

Gene therapy seems to be an opportunity to improve
the treatment of inherited monogenic retinal disorders. In
most clinical studies, recombinant adeno-associated virus
(AAV) or lentivirus vectors have been used for gene transfer
to the retinal cells. RPE65 is one of the genes, which their
mutations cause LCA. A lack of functionalRPE65 leads to the
inability of the rod photoreceptor cells to respond to light.
Several trials have reported that subretinal injection of a
recombinant AAV2/2 vector containing the RPE65 cDNA can
enhance retinal function and vision in humans withRPE65-
LCA (7).

Cancer treatment using gene therapy has been in-
creased in recent decades. Various gene therapy ap-
proaches were employed for cancer management, includ-
ing cancer- and/or tumor-specific promoters, including
cancer suppressor genes, anti-angiogenic gene therapy,
suicide gene therapy, immunotherapy, etc. (9).

Carcinoembryonic antigen (CEA) belongs to a cell-
surface glycoproteins family and is considered as a tumor
marker in the clinical diagnosis of several cancers, such as
colorectal cancer (CRC). It is overexpressed in more than
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Figure 1. In vivo and ex vivo gene therapy concepts (2). In the in vivo technique, the therapeutic gene is introduced directly into the body, while in the ex vivo, the patient’s
cells are extracted from the body, genetically modified outside the body, and then transferred into the patient.

90% of CRC cells. Its promoter has been used in direct-
ing suicide E gene (pCEA-E) against colon cancer in order
to high suppression of cell growth in CRC cells compared
to normal colon cells (10).

Neurodegenerative disorders are another candidate
for gene therapy. Several studies have demonstrated that
the transfer of adeno-associated viruses- glial-derived neu-
rotrophic factor (AAV-GDNF) in the putamen is safe and
effective for treating Parkinson’s disease in murine mod-
els (11). Also, a clinical trial using bilateral AAV2- aromatic
L-amino acid decarboxylase (AADC) injection in the puta-
men of severely affected patients with Parkinson’s disease
reported similar results (12).

In gene therapy, a normal gene is transferred to the
genome to replace an abnormal gene that caused a specific
disease. Various challenges are involved in this process, in-

cluding lack of adequate information about the genes in-
volved in a certain disease, especially complex diseases, in
which both genetic and environmental factors play a role.
Also, a potential immune response to AAV vectors is contro-
versial.

Despite these limitations, further progression in the
safe and effective vector design, identifying the specific
cells of the body that need treatment, and a better under-
standing of the pathomechanisms of diseases and their ge-
netic issues will be an open window in genome editing as
a new treatment approach for untreatable diseases.

In conclusion, gene therapy can be employed to com-
plement conventional therapies resulting in more effec-
tive treatments.
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