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Introduction 

Gene therapy is a modern procedure that used to 
treat diseases by modifying the genes of the 
persons; it is a new and novel topic particularly in 
the current century because it was applied in 
curing diseases, the argument that surrounding 
this technique is changing the genes and patients 
are not sure about the consequences of modifying 
their genes (1, 2). In general gene therapy is 
treatment that based on inactivating the gene that 
cause disease and/ or replacing this gene with a 
healthy reproduced (copy). The techniques that 
are applied in gene therapy can prevent and cure 
diseases, among these diseases are cancer and 
chronic diseases. 

However, the idea of inserting genes to the vital 
tissues was under study and application since 

around 50 years, but the capability to recombinant 
the DNA and the development in this technology 
make the clinical trials of gene transfer possible 
especially to life threatening diseases such as 
cancers, inborn disorders (3, 4). Nowadays, gene 
therapy is applied in many clinics and it is also 
considered for a numerous conditions that are not 
threatening life (5).  

Mechanism and Types of Gene Therapy 

The gene therapy has many mechanisms that 
describe it works, among them are (6, 7, 8): 

 Introducing a modified and / or new genes 
and insert it into the body in order to assist the 
body to treat the diseases. 
 Inactivating the genes that cause diseases 
and is not work properly, and is considered as 
dysfunction gene. 
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A B S T R A C T 
 

 

Fanconi anemia (FA) is a disease that affects the bone, particularly the marrow causing 
decreasing in producing the blood cells (white cells, red cells and platelets). Previous 
studies mentioned that FA is passed from parents to children (inherited disease) and it 
may infect children and adults, low production of blood cells affect the immunity 
system and may end with cancer (different types of cancer). To minimize the 
consequences, scientists start since more than 20 years to find a treatment or a certain 
therapy to the bone marrow, among these procedures is steam cell therapy, hormone 
therapy, growth factor therapy, the therapy may involved with chemotherapy, 
radiotherapy, as well as surgery (transplant of bone marrow stem cells). Gene therapy 
is part of FA therapy, this type of therapy based on determining the damaged gene, 
corrects it and inserted in the patient using different ways. 
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 Replacing the gene that causes diseases 
with other gene that considered as a healthy copy 
of it.  

Recently, gene therapy is used to treat infectious 
diseases as well as genetic and cancer diseases. 
There are products to the types of gene therapy 
such as (9, 10): 

1. Technology used to edit the human 
gene: the purpose of this technology is to repair 
the genes that cause mutation and / or disrupt and 
disturb the dangerous the harmful and the risky 
genes. 
2. Bacterial vehicles: In order to prevent 
bacteria from causing diseases, bacteria is 
modified and used as a vehicles *vectors) to carry 
and transfer the therapeutic genes and insert it 
into the tissues of the human beings.    
3. Modification of patient’s genes: In this 
type, the patient’s cells are removed and their 
genes are modified (genetically modified), and 
after that the cells were injected in the patient. 

4. Viral vehicles: As it is known, the viruses 
have the capability to deliver, carry and transport 
the materials of genes into the cells, thus, first, 
their genes are modify  in order not to transfer 
infection, then it is used as a vector to carry the 
genes into the cells of the human as a therapeutic 
genes (11). 
5. Plasmid DNA: currently, there is a wide 
application to this type, it is based on 
manufacturing genes via genetic engineering and 
insert it to the cells of the human as a gene 
therapy (12).  

Plasmid is considered as the most recent gene 
therapy technique that can be applied in and 
extensive purposes i.e., PCR, cloning, restriction 
digestion, screening clones, sequencing, 
transfection and lot more, it is important to 
purified it from bacteria before using it via any 
above techniques. Figure 1 shows a diagram of 
manufacturing plasmid DNA.  

 

 

Figure 1: mechanism of the plasmid DNA synthesis (13) 

The most important step in gene therapy is 
transferring the gene inside the human body, once 
this succeed it will made a big development and 
revolution in treatment and medicine because this 
approach is able to treat the difficult diseases from 
its root (14). 

Basically, gene therapy has two main types  

 Germline therapy: This type goal to 
produce and create reproductive cells in the body 
(sperm or ova) via transferring DNA. The aim of 
germline therapy to correct the gene variant that 
cause diseases (gamete cells) and can be passed 
down to the new generation, however and due to 
ethical consideration, and there are boundaries 
between enhancement, therapy and prevention 



Abdul-jabbar, R.A.A et al.                                         Global Scientific Journal of Biology (ISSN: 2524-227X) 7 (2) 2022                                          84 

 

 

which are unclear in (HGL) human germline (15).  Scheme 2 (16).   
 

 

Scheme 2: Outline of germline in women and men (16) 

 Somatic gene therapy (SGT): This type of 
technique aimed to introduce RNA into suitable 
tissue or cell in vivo to alter the pattern and the 
expression of the cell gene create curative effect 

and improve the ability of the body to fight 
diseases via somatic cells (17, 18), however there 
two types of SGT; in vivo and ex vivo as shown in 
scheme 3 (19).    
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Scheme 3: Types of somatic gene therapy 

It is important to distinguish between the both 
types of gene therapy (SGT & GLT), among them 
are (20);  

 SGT targeted blood cells, skin cells, and 
lung cells while GLT applied on eggs, sperm, and 
embryos. 
 SGT cells are not inheritable, while GLT 
passed on upcoming generations. 

 SGT was applied more than 25 years ago 
while GLT doesn’t and applied recently. 

There are also other significant differences 
between the two approaches of gene therapies as 
shown in table 1. 

 

Table 1: some differences between somatic & germline therapies (21) 
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In general, the steps involving in gene therapy are summarized in scheme 4 

 

Scheme 4: Summery of steps involving gene therapy (22) 

Fanconi anemia (FA) 

It is a situation that has an effect on numerous 
parts of the body; particularly it is a failure in bone 
narrow (BNF) (failure in producing blood cells), 
organ defect and physical abnormality that 
increase the cancer risk. It is an inherited disease 

from a plastic anemia (23, 24). FA is a disorder in 
genes that can be distinguished via BMF which can 
leads to cancer, the homeostasis in gene and FA 
proteins can be maintained via processes that 
repairs DNA and mutation in germline genes that 
causes FA (25). Scheme 5 shows a plastic anemia 
(FA) and the anatomy of bone. 

 

 

                                                                   (A)                                                       (B)                          

Scheme 5: A: Bone anatomy; B: Fanconi anemia (26) 
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In 1927 Guido Fanconi (1892-1979) is the first 
Swiss scientist who discovered and characterized 
this disease, he described it in 3 brothers and he 
described an inheriting disease that related to the 
bone narrow failure (BNF) which leads to a 
consequences such as hyperpigmentation, 
hypogonadism, short stature, and many physical 
abnormalities (27, 28).  

The main test that should be carried out to 
diagnose the FA, is a test that discover 
chromosome breakage that can be noticed from 

sample of patient’s blood and achieved in 
cytogenetic clinical lab (28). This test involved with 
T-Cell Mitogen to encourage and initiate the 
division of lymphocytes and then treated with 
MMC (Mitomycin) as a DNA cross-linking agent, 
DEB (Diepoxybutane) can also be used, then, the 
rates and the types of rearrangements and 
breakages were measured and evaluated (29, 30). 
Scheme 5 shows the flowchart of the lab test steps 
(31). 

 

 

Scheme 5: Lab test flowchart (31) 

Statistically, FA usually affect from 1 to 5 per 
million (32), it is considered as a very rare, there 
are a number of genes that are involved in FA and 
thus it is a multigenic disorder and it may threaten 
children as well as adults and may end with 
certain epithelial malignancies, acute 
nonlymphocytic leukemia (AML), and 
myelodysplasia (33, 34, 35 and 36). 

Up to now, the main thing of FA disease is 
instability in genes (cytogenic disorder) and can 
be identified through alkylating agents that can 
response to the breakage in chromosomes (37, 38). 
However there are many classical clues that 
accompanied with FA among them are; radial ray 

defects, café-au-lait spots, small head size and 
growth retardation (39), however in adults, FA may 
come with no congenital defects, and environment 
interaction may paly a certain role in infection 
with FA disease (40). 

Levitus et al., 2004 (41) carried out a somatic cell 
fusion research, and the study determined eleven 
groups that are complemented with FA, these are; 
J, I, L, G, F, E, D2, D1, C, B, and FA-A (41). Table 2 
shows the most important genes that involved 
with FA disease. 
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Table 2: FA genes (40) 

 

In 2020, Toksoy and the coworkers (42) explained 
FA as a hetrogenous syndrome in genes that 
includes findings related to hematology due to 
BMF with defect in skeletal system and other 
symptoms, such as; pigment changes of the skin, 
kidney malformations, congenital heart defects, 
deafness, microcephaly, low birth weight, small 
stature, hands with thumb deformities, however 
Wu 2013 (43), described that FA could be more 
repeatedly in marriages between relatives 
(consanguineous marriages).   

Wegman‐Ostrosky and Savage 2017 (44), 
mentioned that the patients who affected with FA 
diseases have a risk to leukemia-myelodysplastic 
syndrome further than myeloid leukemia by 
which the cancer cells rapidly reproduce in 
different areas such as anogenital regions, neck 
and head (44). 

FA Treatment  

A team of specialists must supervised the therapy 
among them are; kidney specialists, urologists, 
oncologists, cardiologists, surgeons, and others. 
The specialists, and before starting treatment, 
must study the followings factors (45): 

 Overall health. 
 Age. 
 Medical history. 
 Severity of other disease. 

Transplant of bone Marrow Stem Cells 

In this type of therapy, the procedure focused on 
the diseased or damaged marrow that may 
destroyed by chemotherapy or radiation and after 
that they were replaced with healthy one (from 
healthy donors), and this process named as 
transplantation of the stem cell because the 
diseased marrow cannot produce enough blood 
cells which are below the needs of the immune 
system (46, 47). The transplant may cure cancer and 
considered as long term recovery, however the 
steam cell therapy (STC) doesn’t considered as an 
effective treatment and solution (48). 

Androgen Therapy 

It is also named as hormone therapy; it is usually 
used to cure prostate cancer, the therapy based on 
reducing testosterone male hormone (49), the 
therapy usually based on the following steps: 
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 Block the synthesis and the production of 
androgen. 
 Blocking the androgen action. 
 Minimizing the production of androgen in 
testicles (50).   

The above three steps can be achieved by 
medication, radiation and /or chemotherapy, 
hormone therapy also can be participate in 
increasing the production of the blood cells, 
however, it is not recommended by the specialists 
because it may cause liver diseases. 

Growth factor 

This type of therapy is based on secreting active 
molecules that has an effect on growing of the cells 
particularly inhibit the unusual mitosis of cancer 
cells which eventually change the expression of 
the gene, the molecules may have different activity 
precisely on initiating the synthesis of blood cells 
and increase it in the body via a process named as 
single transduction (51, 52, 53). Scheme 6 shows a 
diagram represent the process of growth factor 
(54).

 

 

Scheme 6: Delivery of growth factor (54) 

FA Gene Therapy 

Verhoeyen et al., 2017 characterized FA as a 
genetic disease (syndrome) that progressed and 

developed to failure in bone marrow (the part of 
the body that is in charge in the production of the 
blood cells) (55). Scheme 7 summarized the gene 
therapy steps. 
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Scheme 7: FA gene therapy (56) 

Conclusions 

1. Fanconi anemia FA is a disease that passes 
from parents to children. 

2. There are changes that occur (mutation) in a 
certain genes responsible for FA. 

3. FA is a disease that affects the bone marrow 
(the sponge center of the bone) that is in 
charge of producing and synthesis of blood 
cells. 

4. FA may affect both children and adults as 
well. 

5. FA therapy may involved with medications, 
radiation, chemotherapy and  Transplant of 
bone Marrow stem cells 

6. FA gene therapy concerned with repairing 
the genes from there damages. 
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