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Abstract

only the retroviral vectors target dividing cells.
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Hemophilia is a coagulation disorder in which bleeding time is prolonged. There are a number of hemophilia subtypes and more
than 4,000,000 individuals are suffered worldwide. The most common types of hemophilia are type A and B in which coagulation
factor VIl and IX are defected respectively. Type A hemophilia is responsible for 80% to 85% of cases. The genes of 8 and 9 coagulation
factors located on the long arm of X chromosome and mutation in these genes causes disturbance in coagulation. This disease
is a very good target for gene therapy because if amount of protein production reaches 1% that of normal the disease phenotype
is modified. Different methods of hemophilia gene therapy include increased production of coagulation factors via insertion of
attributed genes into patient’s stem cells by vectors, or insertion of transgenes into differentiated cells with prolonged survival such
as muscle or liver cells. One of the most recent advances in hemophilia gene therapy is using induced pluripotent stem cells (iPS)
for gene transfer. Hepatocytes are very good candidates for hemophilia gene therapy due to their natural capacity for production
of coagulation factors. Myocytes are also suitable for injection of transgene because they are available and have sufficient secretory
power. Most important and useful viral vectors for hemophilia are retroviral, lentiviral, and Adeno- Associated viruses. Among these

1. Background

Hemophilia is a bleeding disorder in which coagula-
tion time is prolonged. In severe cases prolonged bleed-
ing after mild trauma or even spontaneous bleeding occur.
Bleeding into joints, muscles and brain is a consequence
that may be lethal, however, most patients only experience
hemarthrosis (joint bleeding) (1).

There are different types of hemophilia and more than
400,000 individuals are suffered worldwide. Two main
types of hemophilia are types A and B, which result from
defective coagulation factors VIII and IX. Hemophilia type
A is responsible for 80 to 85% of cases. On average, type A
hemophilia occurs one in every 1,500 male births and type
B hemophilia occurs one in every 30,000 male births (2-
4). As mentioned, type A hemophilia or classic hemophilia
is the most common type of hemophilia and is a conse-
quence of mutations in coagulation factor VIII gene. Type B
hemophilia or Christmas disease is the result of mutations

in the factor IX in coagulation cascade. Both of these genes
are located on the long arm of chromosome X. Their prod-
ucts are involved in internal pathway of coagulation. In-
heritance pattern of hemophilia is X linked.

2. Structure and Function of Hemophilia Associated
Genes and Proteins

Coagulation factor VIII gene, with 180 kb length and
contains 26 exons is located on the long arm of chromo-
some X. The functional protein translated from this gene
consists of 2,332 amino acids and weighs 300 kilo Daltons.

It is noteworthy that this gene is mainly expressed
in endothelial cells and hepatocytes and its product is
involved in internal pathway of coagulation cascade (5).
This gene transcribes into mRNA and translates into a pro-
tein witch becomes active after splicing process is accom-
plished (6).
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Coagulation factor IX is also located on the long arm of
chromosome X. Its length is 34 kb and consists of 8 exons.
It is expressed into a 57 kilo Dalton glycoprotein. Coagu-
lation factor IX in company with other coagulation factors
plays role in coagulation cascade.

3. Hemophilia Clinical Signs

As far as clinical features of type A and type B are con-
cerned, they are indistinguishable.

4. Diagnosis

Diagnosis of hemophilia is based on the result of par-
tial thromboplastin time (PTT) and prothrombin time (PT)
tests which measure internal and external pathways re-
spectively (7).

5. Treatment

Currently hemophilia is treated by protein replace-
ment. Although it is a suitable temporary therapy, it is not
long lasting and not a kind of cure. Coagulation factor is
produced as recombinant protein or come out as concen-
trate from fresh blood plasma. This treatment has limi-
tations such as the need for repeated injections because
of short half-life, production of antibodies against protein
leading to declined efficacy, besides not being a definite
cure (7, 8).

6. Potential of Gene Therapy for Hemophilia

Hemophilia is a suitable target for gene therapy be-
cause if the protein concentration reaches 1% that of nor-
mal, the disease phenotype will be modified (9). The aim of
gene therapy for hemophilia is prolonged expression of re-
lated defective genes. There are two ways to reach this goal.
First approach is insertion of relevant genes into patient’s
stem cells via integrating vectors and second approach is
delivering vectors into differentiated cells with prolonged
survival such as myocyte and hepatocytes.

7. Tissue Targets for Hemophilia Gene Therapy

Liver cells: liver is the main site for coagulation fac-
tor synthesis from where the proteins enter the circulation
easily (10, 11).

Muscular cells: these cells are readily available how-
ever, post translation changes occur better in the liver cells

(12).

Endothelial cells: coagulation factors are synthesized
in these cells and enter the circulation easily (13).

Hematopoietic stem cells: these cells are readily avail-
able for ex-vivo gene therapy. They are especially useful due
to their self-renewal ability and their potential to differ-
entiate into various blood cells. This technique also bears
more immunologic tolerance (14).

8. Viral Vectors

The most useful viral vectors for hemophilia gene ther-
apy include retroviral, lentiviral, and Adeno-associated
viruses.

Retroviral vectors: These vectors unite within the host
genome. They only affect the dividing cells and their capac-
ity is 7 kb.

Lentiviral vectors: these vectors unite within the host
genome. They infect non-dividing and latent cells. Like
retroviral vectors, their capacity is 7 kb.

Adeno-associated viruses: replication of these vectors
is dependent. More than 90 percent of them do not en-
ter the host genome and despite long term expression; be-
sides their chance of carcinogenesis is low. The main limi-
tation of these vectors is their low capacity (4.7 kb) (15).

9. Stem Cell Based Gene Transfer

Hematopoietic stem cells could be retrieved from var-
ious sources. The self-renewal ability results in long term
expression of the transgene even as the stem cell differenti-
atesintovarious cell types. The stem cells are extracted and
infected with the retroviral or lentiviral vectors and then
transplanted into the bone marrow. One advantage of this
technique is the absence of antibody production against
factor VIIL In 2010, the human-pig factor VIII hybrid trans-
gene was designed and attached to a lentiviral vector and
transferred into hematopoietic stem cells. The expression
level of this hybrid was higher in comparison to human
factor which denotes long term expression (14-16).

A recent safe method of stem cell based hemophilia
gene therapy is using induced pluripotent stem cell (iPS).
For this purpose somatic adult cells are obtained and de-
differentiated to become stem cell by means of growth in
cell culture nourished with transcription factors including
SOX-2, OCT-4,C-MYC, and KLF-4; then therapeutic gen is in-
serted into cells via vectors. Finally cells are injected to pa-
tients. The important advantage of this technique is that
the recipient dose not confront with immunological reac-
tions (17,18).
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10. Hepatocyte Based Gen Transfer

Hepatocytes are the best target for hemophilia gene
therapy because of natural ability to synthesis and secre-
tion of coagulation factors. Another reason that make hep-
atocytes suitable candidate for hemophilia gene therapy
is that, post translation changes are done well in hepato-
cytes. For hepatocytes based gene therapy Lentiviruses and
Adeno viruses are used (19).

11. Myocyte Based Gene Transfer

In spite of hepatocytes, muscle cells are not naturally
a center for generating coagulation factors. However, my-
ocytes have a good secretory ability of coagulation factors.
Unfortunately, post translation changes like glycosylation
and proteolysis are not done as well as hepatocytes. For My-
ocyte based hemophilia gene therapy, therapeutic gene is
attached to Adeno-associated viruses followed by injection
into muscle cells (20).

12. Conclusions

Due to significant improvement in the clinical symp-
toms of hemophilia by slight changes in the expression of
coagulation Factors VIII and IX, hemophilia considered as
one of the most appropriate target for gene therapy. To ob-
tain this goal, modifier genes sould be transfered to the
specific tissues such as liver cells, muscular cells, endothe-
lial cells, hematopoietic stem cells and etc. In available ap-
proaches modifier genes are inserted into vectors such as
retroviral, lentiviral, and Adeno-Associated viruses. How-
ever, they may have immunological complications or even
hamper the gene expression. The novel approach is based
on the type of stem cells, which are called iPS. iPS are de-
rived from somatic adult cells and has no immunological
complications. Although gene therapy is a potential and
long-lasting treatment for hemophilia, more investigation
are required to establish these methods.

References

1. Unim B, Veneziano MA, Boccia A, Ricciardi W, La Torre G. Haemophilia
A: pharmacoeconomic review of prophylaxis treatment ver-
sus on-demand. ScientificWorldfournal. 2015;2015:596164. doi:
10.1155/2015/596164. [PubMed:  25685844]. [PubMed Central:
PMC4313676).

2. Ghosh K, Nair AP, Jijina F, Madkaikar M, Shetty S, Mohanty D. In-
tracranial haemorrhage in severe haemophilia: prevalence and out-
come in a developing country. Haemophilia. 2005;11(5):459-62. doi:
10.1111/j.1365-2516.2005.01134.X. [PubMed: 16128888].

] Human Gen Genom. 2018; 2(1):e80764.

11.

12.

13.

15.

18.

20.

. Wight ], Paisley S. The epidemiology of inhibitors in haemophilia

A: a systematic review. Haemophilia. 2003;9(4):418-35. [PubMed:
12828678].

. Bereshneh A, Sadr-Nabavi A. Medical genetics, criteria of miscar-

riage and ethical challenges of genetic tests. Gene 3rd Millennium.
2014;12:3478-87.

. BiL, Lawler AM, Antonarakis SE, High KA, Gearhart D, Kazazian HH Jr.

Targeted disruption of the mouse factor VIII gene produces a model
of haemophilia A. Nat Genet.1995;10(1):119-21. doi: 10.1038/ng0595-119.
[PubMed: 7647782].

. Bi L, Sarkar R, Naas T, Lawler AM, Pain ], Shumaker SL, et al. Further

characterization of factor VIlI-deficient mice created by gene target-
ing: RNA and protein studies. Blood. 1996;88(9):3446-50. [PubMed:
8896409].

. Zakarija A, Green D. Acquired hemophilia: diagnosis and manage-

ment. Curr Hematol Rep. 2002;1(1):27-33. [PubMed: 12901122].

. Mannucci PM. Hemophilia: treatment options in the twenty-first cen-

tury. J Thromb Haemost. 2003;1(7):1349-55. [PubMed: 12871268].

. Scollay R. Gene therapy: a brief overview of the past, present, and fu-

ture. Ann NYAcad Sci. 2001;953:26-30. [PubMed: 11795419].

. Kay MA, Landen CN, Rothenberg SR, Taylor LA, Leland F, Wiehle S, et

al. In vivo hepatic gene therapy: complete albeit transient correction
of factor IX deficiency in hemophilia B dogs. Proc Natl Acad Sci U S A.
1994;91(6):2353-7. [PubMed: 8134398]. [PubMed Central: PMC43369].
Niemeyer GP, Herzog RW, Mount ], Arruda VR, Tillson DM, Hath-
cock ], et al. Long-term correction of inhibitor-prone hemophilia
B dogs treated with liver-directed AAV2-mediated factor IX gene
therapy. Blood.2009;113(4):797-806. doi: 10.1182/blood-2008-10-181479.
[PubMed: 18957684]. [PubMed Central: PMC2630266].

Herzog RW, Fields PA, Arruda VR, Brubaker JO, Armstrong E, Mc-
Clintock D, et al. Influence of vector dose on factor IX-specific T
and B cell responses in muscle-directed gene therapy. Hum Gene
Ther. 2002;13(11):1281-91. doi: 10.1089/104303402760128513. [PubMed:
12162811].

Lin Y, Chang L, Solovey A, Healey JF, Lollar P, Hebbel RP. Use of blood
outgrowth endothelial cells for gene therapy for hemophilia A. Blood.
2002;99(2):457-62. [PubMed: 11781225].

. Hosseini Bereshneh A. Stem cell and Gene Therapy. In: Hosseini

Bereshneh A, editor. Genetics in Dentistry. Royan Pajoh Publication;
2015.

Thomas CE, Ehrhardt A, Kay MA. Progress and problems with the use
of viral vectors for gene therapy. Nat Rev Genet. 2003;4(5):346-58. doi:
10.1038/nrgl066. [PubMed: 12728277].

. Sokal EM, Lombard C, Mazza G. Mesenchymal stem cell treatment for

hemophilia: areview of current knowledge.  Thromb Haemost. 2015;13
Suppl 1:5161-6. doi: 10.1111/jth.12933. [PubMed: 26149017].

. Hotta A, Yamanaka S. From Genomics to Gene Therapy: Induced

Pluripotent Stem Cells Meet Genome Editing. Annu Rev Genet.
2015;49:47-70. doi: 10.1146/annurev-genet-112414-054926. [PubMed:
26407033].

Rim ]S, Lewis P, Dave A, Rim ], Szuszka K, Acosta C, et al. Direct Con-
version of Human Preadipocytes into Hematopoietic, Neuronal, and
Pancreatic « Cells by Oct4 and Klf4 Overexpression. Bio Res Open Ac-
cess. 2015;4(1):389-97. doi: 10.1089/biores.2015.0028.

. Cantore A, Ranzani M, Bartholomae CC, Volpin M, Della Valle P, San-

vito F, et al. Liver-directed lentiviral gene therapy in a dog model of
hemophilia B. Science Translat Med. 2015;7(277):277ra28.

Mizukami H, Mimuro ], Ohmori T, Sakata Y, Ozawa K. AAV
Vector-Mediated Liver Gene Therapy and Its Implementation for
Hemophilia. In: Mizukami H, Mimuro ], Ohmori T, Sakata Y, Ozawa K,
editors. Gene therapy and cell therapy through the liver. Japan: Springer;
2016. p. 59-73. doi: 10.1007/978-4-431-55666-4_6.


http://dx.doi.org/10.1155/2015/596164
http://www.ncbi.nlm.nih.gov/pubmed/25685844
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4313676
http://dx.doi.org/10.1111/j.1365-2516.2005.01134.x
http://www.ncbi.nlm.nih.gov/pubmed/16128888
http://www.ncbi.nlm.nih.gov/pubmed/12828678
http://dx.doi.org/10.1038/ng0595-119
http://www.ncbi.nlm.nih.gov/pubmed/7647782
http://www.ncbi.nlm.nih.gov/pubmed/8896409
http://www.ncbi.nlm.nih.gov/pubmed/12901122
http://www.ncbi.nlm.nih.gov/pubmed/12871268
http://www.ncbi.nlm.nih.gov/pubmed/11795419
http://www.ncbi.nlm.nih.gov/pubmed/8134398
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC43369
http://dx.doi.org/10.1182/blood-2008-10-181479
http://www.ncbi.nlm.nih.gov/pubmed/18957684
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2630266
http://dx.doi.org/10.1089/104303402760128513
http://www.ncbi.nlm.nih.gov/pubmed/12162811
http://www.ncbi.nlm.nih.gov/pubmed/11781225
http://dx.doi.org/10.1038/nrg1066
http://www.ncbi.nlm.nih.gov/pubmed/12728277
http://dx.doi.org/10.1111/jth.12933
http://www.ncbi.nlm.nih.gov/pubmed/26149017
http://dx.doi.org/10.1146/annurev-genet-112414-054926
http://www.ncbi.nlm.nih.gov/pubmed/26407033
http://dx.doi.org/10.1089/biores.2015.0028
http://dx.doi.org/10.1007/978-4-431-55666-4_6
http://jhumgg.com

	Abstract
	1. Background
	2. Structure and Function of Hemophilia Associated Genes and Proteins
	3. Hemophilia Clinical Signs
	4. Diagnosis
	5. Treatment
	6. Potential of Gene Therapy for Hemophilia
	7. Tissue Targets for Hemophilia Gene Therapy
	8. Viral Vectors
	9. Stem Cell Based Gene Transfer
	10. Hepatocyte Based Gen Transfer
	11. Myocyte Based Gene Transfer
	12. Conclusions
	References

