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Abstract

Bone marrow transplantation (BMT) is nowadays used in various hematological disorders including leukemias.
Hemophilia A is sex linked bleeding disorder in which there are various genetic abnormalities in factor VIII gene.
Among various hematological disorders, bleeding disorders mainly hemophilia in now widely treated using plasma
derived and recombinant factor VIII concentrates. Day to day transfusion of coagulation factor VIII in current lifelong
disorder is a burden for the patients and decreases their quality of life. Although infection of coagulation products
with blood-borne viruses that was major concern in treatment of hemophilia has been eliminated nearly complete at
the present time, but appearance of factor VIII inhibitor is huge burden in treatment of hemophilia for both clinicians
and patients. In this day and age BMT has gathered new insight and acceptable treatment for many hematological
and non-hematological disorders. If BMT will be successful in treatment of hemophilia, it will improve quality of life
(by nearly permanent treatment without necessary of daily treatment) and decrease mortality rate (by providing
continuous coagulation factor level in blood system).

The aim of current review was to determine current role of BMT in treatment of hemophilia and to evaluate
current usage of BMT for treatment of hemophilia. The review of literatures showed that although BMT has been
used in a rare cases with hemophilia (mainly hemophilia with another blood disorder), it does not use commonly in
treatment of patients with hemophilia A at present time. Literature review showed that scientists now focused on
bone marrow transplantation in animal model of hemophilia.
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concentrates in many countries. The burden resulted of current
treatment is the appearance of factor VIII inhibitor in plasma of the
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Introduction

Hemophilia A is X-linked bleeding disorder that mainly affects
men. It affects 1 in 5000 males [1]. The current hemostasis defect
originated from a deficiency or functional defect in factor VIII protein
in circulation that terminated to inability to form blood clot and
finally hemorrhage [2]. Occurrence of vast genetic abnormalities from
single point mutation to complete deletion of factor VIII gene have
been reported in hemophilia A [3]. These genetic abnormalities reflect
in plasma level of factor VIII in affected patients. The severity of
hemophilia correlates with plasma level of factor VIII (severe form
<1%, moderate 1-5% and mild form 5-30%) [4]. The spectrum of
clinical manifestation varies from mild ecchymosis to fatal
spontaneous intracranial hemorrhagic episodes [5]. The hallmark of
severe type of hemophilia is occurrence of massive bleeding that
happen spontaneously or after minor trauma [6].

The main stone of treatment is replacement therapy using various
factor VIII containing products including cryoprecipitate, plasma
derived factor VIII concentrate, recombinant factor VIII and other
products such as recombinant activated factor VII (rFVIIa),
prothrombin  complex  concentrate, anti-fibrinolytic  agents
(Desmopressin and e-aminocaproic acid) and activated prothrombin
complex concentrates [7,8]. Nowadays the common treatment option
comprises infusion of plasma derived and recombinant factor VIII

patients that makes the control process of hemorrhagic episodes
unfruitful and challenging [2]. The life-expectancy in patients with
hemophilia who have complete access to modern treatments has been
improved and they now encounter age related diseases such as cancers

[9].

Bone marrow transplantation (BMT) is an ideal cure for some
cancers, inborn errors of metabolism or immune system [10]. New
insights and attractions have been absorbed to novel therapeutic
options including gene therapy and BMT to overcoming current
problem using manipulation of hematopoietic stem cells [11]. The
accessibility and capacity of ex vivo manipulation of hematopoietic
stem cells have made them as an attractive target for treatment of
hemophilia [12] while a multidisciplinary team work needs to manage
the condition [10].

Here we will review contributions on efforts of bone marrow
transplantation in treatment of hemophilia and will pay attention to
role of BMT in treatment of hemophilia at present time.

Common Treatment Options
Cryoprecipitate

The first preparation was described widely and introduced by Dr.
Pool in 1965. It was prepared using precipitation method from plasma
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[13]. Each bag of cryoprecipitate contain about 100 units of factor VIII
proteins, so for example in treating hemarthrosis in adult patients with
hemophilia there is to about 10-20 units of it. The other negative
remarks of current preparation are existence of huge amount of other
human proteins and its preparation method lacks any process for
inactivation of blood-borne viruses [14]. Nowadays it has been
replaced with factor VIII concentrates in developed countries while at
least in part of developing countries it is use [15].

Desmopressin

It is synthetic analogue of vasopressin that is used in mild and
moderate hemophilia A and some subtypes of von Willebrand disease
(vWD) and can increase plasma level of factor VIII between 2-15 fold
of baseline in patients with mild and moderate hemophilia A [16,17].

Desmopressin is treatment of choice for part of patients with mild
and moderate hemophilia A and it is dependent to type of factor VIII
mutation, but not useful in treatment of severe hemophilia A, severe
hemophilia B and severe forms of vVWD [18].

Plasma derived factor VIII concentrates (pdFVIIIC)

Several types of pdFVIIIC have been introduced commercially. The
intermediated-purity concentrates that are produced of large pools or
huge numbers of donors' plasma have 2-5 units of factor VIII per
milligram protein. There are noticeable amount of von Willebrand
factor (vWEF) in them [19]. The high purity concentrates are
manufactured using monoclonal antibodies to factor VIII or vWF.
These products underwent multiple purification steps including heat
treatment to reduce risk of viral transmission [20]. It was revealed in
the 1990s, that one lot of pdFVIIIC to be associated with high risk of
appearance of factor VIII inhibitor in patients who were extensively
under infusion of pdFVIIIC. It was persuaded that it was due to a
change in factor VIII molecule during fractionation and purification
[21].

Recombinant factor VIII concentrates (rFVIIIC)

The gene of factor VIII sequenced, cloned and transfected in
mammalian cells to produce recombinant FVIII protein in 1984 by
Wood et al. [22]. Several types of rFVIIIC have been licensed and
introduced commercially. Several clinical trials have showed that half-
life in circulation, efficacy and recover of rFVIIIC are similar with
those of pdFVIIC [23,24]. The freedom from risk of blood-borne
viruses’ transmission and independence to collecting numerous bags
of plasma is among hallmark advantageous of rFVIIIC. Also surveys
demonstrated that there are no immunological differences between
rEVIIIC and pdFVIIIC, so predisposing to recombinant concentrate
doesn't increase risk of appearance of factor VIII inhibitor in untreated
patients with hemophilia [25-27]. A commercially B domain deleted
rFVIIIC has been licensed too.

Recombinant activated factor VII (rFVIIa)

It was demonstrated that rFVIIa can stable hemostasis in patients
with high titer of factor VIII inhibitor [28]. Owing to its interaction
with tissue factor and platelets, it can activate factor X and cause
thrombin burst without needing to factor VIII steps [29]. The
disadvantages of current treatment are high cost; needing infusion
under supervising of medical center due to higher dose of it can be
thrombogenesis.

BMT in mouse model of hemophilia A

The experiences on BMT in mouse model have been more
informative than other struggles. The surveys confirmed while
endothelial cells are potent source of factor VIII, transplanted bone
marrow does not generate endothelial cells and macrophages,
mesenchymal stromal cells and mononuclear derived cell from bone
marrow express factor VIII mRNA and make stable hemostasis in
mice [30,31].

BMT in canine model of hemophilia A

The experiments in some animal models have demonstrated that
transplantation of wild type hematopoietic stem cells did not
accompanying with hemostatic level of factor VIII in plasma with
unknown reason [32]. The factor VIII gene expressed in kidney and
liver tissue, while only after orthotopic liver transplantation and not
kidney transplantation correction of hemophilia appears [33, 34].
Groth et al. [35] showed that transplantation of lymphatic tissue can
be effective in hemophilic dog and these cells can produce factor VIII
protein after BMT.

The BMT in three dogs terminated to death of one dog due to
allograft-related complications or rejection of transplant in 34th day.
The factor VIII activity was measured as 5% by one stage method in
current dog. In the other dogs, one died due to occurrence of
hemorrhage at site of aspiration in 7th day and only one dog survived
healthy for about more than 2 years with about 8% factor VIII plasma
level [36,37].

BMT in patients with hemophilia A

At the best of our knowledge, BMT experiences in patients with
hemophilia A limited to four cases [10,38-40]. Allogenic BMT has
applied for two cases with concurrent diseases; the first one was a
hemophilic child with severe aplastic anemia who received HLA-
identical from his five year unaffected brother [38]. The second patient
was a hemophilia patient infected with HIV and concurrent Burkitt-
type acute lymphoblastic leukemia (ALL). He was transplanted using
of homozygous twin brother [39]. In none of them hematopoietic stem
cell transplant could create hemostatic level of factor VIII [37,39]. The
experience on BMT in current patients was done using 3.5x10% and
6.8x10% bone marrow cells/kg respectively and wasn't informative
knowledge [30].

The third case was a patient with hemophilia and high titer of
inhibitor who underwent allogenic BMT in hope to induce immune
tolerance. He experienced several episodes of hemorrhage and severe
arthropathy [40]. The last case was a 12 year old boy with hemophilia
and extrosseous Ewing’s sarcoma that after treatment using standard
protocol and chemotherapy underwent auotologous hematopoietic
stem cell transplantation. He developed anaplastic large cell
lymphoma (ALCL) and treated using standard protocol and
chemotherapy. To strengthen second remission allogenic BMT was
done for him. He survived with good clinical outcome for 3 year until
reporting and he upgraded from severe hemophilia to moderate
hemophilia A [10].

Conclusion

Until now, most informative surveys on treatment of hemophilia by
BMT have been on mice models and canine or human models have
not successful. In the body, hepatocytes and endothelial cells are two
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main source of factor VIII production. As in hemophilia mice, BMT
can correct hemophilia in most cases with regard to the other side of
the coin that we know bone marrow transplanted cells cannot generate
endothelial and hepatocytes cells [30]. We can conclude that
mononuclear cells and mesenchymal cells release factor VIII in
circulation. These findings offer importance of mesenchymal and
mononuclear cells in correction of hemophilia mice and create a
penetration to hope. Some researchers showed that bioengineered
factor VIII transgenes and B lineage-specific factor VIII gene can
correct mouse model of hemophilia [31,41].

It seems there is lingering way to establish BMT as a common
treatment option for patients with hemophilia. Now we need to
complete our knowledge and strength our ideas with investigation on
animal models to find solutions toward setting BMT in hemophilia.

References

1. Mannucci PM, Tuddenham EG (2001) The hemophilias--from royal
genes to gene therapy. N Engl ] Med 344: 1773-1779.

2. Modaresi AR, Torghabeh HM, Pourfathollah AA, Shooshtari MM, Yazdi
ZR (2006) Pattern of factor VIII inhibitors in patients with hemophilia A
in the north east of Iran. Hematology 11: 215-217.

3. Goodeve AC, Pavlova A, Oldenburg J (2014) Genomics of bleeding
disorders. Haemophilia 20 Suppl 4: 50-53.

4.  Tosetto A, Castaman G, Rodeghiero F (2013) Bleeders, bleeding rates,
and bleeding score. ] ThrombHaemost 11 Suppl 1: 142-150.

5. Mansouritorghabeh HI, Manavifar L, Banihashem A, Modaresi A,
Shirdel A, et al. (2013) An investigation of the spectrum of common and
rare inherited coagulation disorders in north-eastern Iran. Blood
Transfus 11: 233-240.

6.  Plug I, van der Bom ]G, Peters M, Mauser-Bunschoten EP, de Goede-
Bolder A, et al. (2004) Thirty years of hemophilia treatment in the
Netherlands, 1972-2001. Blood 104: 3494-3500.

7. Schramm W (2014) The history of haemophilia - a short review. Thromb
Res.

8. Berntorp E, Figueiredo S, Futema L, Pock K, Knaub §, et al. (2010) A
retrospective study of Octaplex in the treatment of bleeding in patients
with haemophilia A complicated by inhibitors. Blood Coagul Fibrinolysis
21:577-583.

9.  Astermark J1, Makris M, Mauser-Bunschoten E, Nemes L, D'oiron R, et
al. (2012) Malignant disease in the haemophilic population: moving
towards a management consensus? Haemophilia 18: 664-671.

10. Caselli D, Morfini M, Paolicchi O, Frenos S, Casini T, et al. (2012) Cord
blood hematopoietic stem cell transplantation in an adolescent with
haemophilia. Haemophilia 18: e48-49.

11. Gangadharan B, Parker ET, Ide LM, Spencer HT, Doering CB (2006)
High-level expression of porcine factor VIII from genetically modified
bone marrow-derived stem cells. Blood 107: 3859-3864.

12. Saenko EL, Ananyeva NM, Moayeri M, Ramezani A, Hawley RG (2003)
Development of improved factor VIII molecules and new gene transfer
approaches for hemophilia A. Curr Gene Ther 3: 27-41.

13. Pool JG, Shannon AE (1965) Production of high-potency concentrates of
antihemophilic globulin in a closed-bag system. N Engl ] Med 273:
1443-1447.

14. Mansouritorghabeh H, Rezaieyazdi Z, Farid R, Pourfathollah A (2008)
Serological markers of Bloodborne Viruses among 24 persons with
combined factor V and VIII deficiency. Hep Month 8: 221-224.

15. Branchford BR, Monahan PE, Di Paola J (2013) New developments in the
treatment of pediatric hemophilia and bleeding  disorders.
CurrOpinPediatr 25: 23-30.

16. Leissinger C, Carcao M, Gill JC, Journeycake J, Singleton T, et al. (2014)
Desmopressin (DDAVP) in the management of patients with congenital
bleeding disorders. Haemophilia 20: 158-167.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Franchini M, Mannucci PM (2013) Hemophilia A in the third
millennium. Blood Rev 27: 179-184.

Stoof SC, Sanders YV, Petrij F, Cnossen MH, de Maat MP, et al. (2013)
Response to desmopressin is strongly dependent on F8 gene mutation
type in mild and moderate haemophilia A. ThrombHaemost 109:
440-449.

Hermans C, Brackmann HH, Schinco P, Auerswald G (2012) The case
for wider use of recombinant factor VIII concentrates. Crit Rev
OncolHematol 83: 11-20.

Grancha S, Ortiz AM, Maranén C, Hampel K, Moret A, et al. (2012)
Kinetics of the interaction between anti-FVIII antibodies and FVIII from
therapeutic concentrates, with and without von Willebrand factor,
assessed by surface plasmon resonance. Haemophilia 18: 982-989.

Laub R, Di Giambattista M, Fondu P, Brackmann HH, Lenk H, et al.
(1999) Inhibitors in German hemophilia A patients treated with a double
virus inactivated factor VIII concentrate bind to the C2 domain of FVIII
light chain. ThrombHaemost 81: 39-44.

Wood WI, Capon DJ, Simonsen CC, Eaton DL, Gitschier J, et al. (1984)
Expression of active human factor VIII from recombinant DNA clones.
Nature 312: 330-337.

Schwartz RS, Abildgaard CF, Aledort LM, Arkin S, Bloom AL, et al.
(1990) Human recombinant DNA-derived antihemophilic factor (factor
VIII) in the treatment of hemophilia A. recombinant Factor VIII Study
Group. N Engl ] Med 323: 1800-1805.

White GC 2nd, McMillan CW, Kingdon HS, Shoemaker CB (1989) Use
of recombinant antihemophilic factor in the treatment of two patients
with classic hemophilia. N Engl ] Med 320: 166-170.

Gouw SC, van der Bom JG, Auerswald G, Ettinghausen CE, Tedgard U,
et al. (2007) Recombinant versus plasma-derived factor VIII products
and the development of inhibitors in previously untreated patients with
severe hemophilia A: the CANAL cohort study. Blood 109: 4693-4697.
Gringeri A, Musso R, Mazzucconi MG, Piseddu G, Schiavoni M, et al.
(2007) Immune tolerance induction with a high purity von Willebrand
factor/VIII complex concentrate in haemophilia A patients with
inhibitors at high risk of a poor response. Haemophilia 13: 373-379.
Ettingshausen CE, Kreuz W (2006) Recombinant vs. plasma-derived
products, especially those with intact VWF, regarding inhibitor
development. Haemophilia 12 Suppl 6: 102-106.

Hender U, Glazer S, Pingel K, Alberts KA, Blombick M, et al. (1988)
Successful use of recombinant factor VIIa in patient with severe
hemophilia A during synovectomy. Lancet 2: 1193.

Rao LV, Rapaport SI (1990) Factor VIla-catalyzed activation of factor X
independent of tissue factor: its possible significance for control of
hemophilic bleeding by infused factor VIIa. Blood 75: 1069-1073.
Follenzi A, Raut S, Merlin S, Sarkar R, Gupta S (2012) Role of bone
marrow transplantation for correcting hemophilia A in mice. Blood 119:
5532-5542.

Shi Q, Fahs SA, Kuether EL, Cooley BC, Weiler H, et al. (2010) Targeting
FVIII expression to endothelial cells regenerates a releasable pool of
FVIII and restores hemostasis in a mouse model of hemophilia A. Blood
116: 3049-3057.

Doering CB, Denning G, Dooriss K, Gangadharan B, Johnston JM, et al.
(2009) Directed engineering of a high-expression chimeric transgene as a
strategy for gene therapy of hemophilia A. MolTher 17: 1145-1154.
Hollestelle MJ, Thinnes T, Crain K, Stiko A, Kruijt JK, et al. (2001) Tissue
distribution of factor VIII gene expression in vivo--a closer look.
ThrombHaemost 86: 855-861.

Gomperts ED, Malekzadeh MH, Fine RN (1981) Dialysis and renal
transplant in a hemophiliac. ThrombHaemost 46: 626-628.

Groth CG, Hathaway WE, Gustafsson A, Geis WP, Putnam CW, et al.
(1974) Correction of coagulation in the hemophilic dog by
transplantation of lymphatic tissue. Surgery 75: 725-733.

Storb R, Marchioro TL, Graham TC, Willemin M, Hougie C, et al. (1972)
Canine hemophilia and hemopoietic grafting. Blood 40: 234-238.

] Hematol Thrombo Dis
ISSN:2329-8790 JHTD, an open access journal

Volume 2 « Issue 4 « 1000143


http://www.ncbi.nlm.nih.gov/pubmed/11396445
http://www.ncbi.nlm.nih.gov/pubmed/11396445
http://www.ncbi.nlm.nih.gov/pubmed/17325965
http://www.ncbi.nlm.nih.gov/pubmed/17325965
http://www.ncbi.nlm.nih.gov/pubmed/17325965
http://www.ncbi.nlm.nih.gov/pubmed/24762275
http://www.ncbi.nlm.nih.gov/pubmed/24762275
http://www.ncbi.nlm.nih.gov/pubmed/23809118
http://www.ncbi.nlm.nih.gov/pubmed/23809118
http://www.ncbi.nlm.nih.gov/pubmed/23114518
http://www.ncbi.nlm.nih.gov/pubmed/23114518
http://www.ncbi.nlm.nih.gov/pubmed/23114518
http://www.ncbi.nlm.nih.gov/pubmed/23114518
http://www.ncbi.nlm.nih.gov/pubmed/15308570
http://www.ncbi.nlm.nih.gov/pubmed/15308570
http://www.ncbi.nlm.nih.gov/pubmed/15308570
http://www.ncbi.nlm.nih.gov/pubmed/24513149
http://www.ncbi.nlm.nih.gov/pubmed/24513149
http://www.ncbi.nlm.nih.gov/pubmed/20644466
http://www.ncbi.nlm.nih.gov/pubmed/20644466
http://www.ncbi.nlm.nih.gov/pubmed/20644466
http://www.ncbi.nlm.nih.gov/pubmed/20644466
http://www.ncbi.nlm.nih.gov/pubmed/22630161
http://www.ncbi.nlm.nih.gov/pubmed/22630161
http://www.ncbi.nlm.nih.gov/pubmed/22630161
http://www.ncbi.nlm.nih.gov/pubmed/22226228
http://www.ncbi.nlm.nih.gov/pubmed/22226228
http://www.ncbi.nlm.nih.gov/pubmed/22226228
http://www.ncbi.nlm.nih.gov/pubmed/16449528
http://www.ncbi.nlm.nih.gov/pubmed/16449528
http://www.ncbi.nlm.nih.gov/pubmed/16449528
http://www.ncbi.nlm.nih.gov/pubmed/12553533
http://www.ncbi.nlm.nih.gov/pubmed/12553533
http://www.ncbi.nlm.nih.gov/pubmed/12553533
http://www.ncbi.nlm.nih.gov/pubmed/5852902
http://www.ncbi.nlm.nih.gov/pubmed/5852902
http://www.ncbi.nlm.nih.gov/pubmed/5852902
http://hepatmon.com/?page=article&article_id=574
http://hepatmon.com/?page=article&article_id=574
http://hepatmon.com/?page=article&article_id=574
http://www.ncbi.nlm.nih.gov/pubmed/23274430
http://www.ncbi.nlm.nih.gov/pubmed/23274430
http://www.ncbi.nlm.nih.gov/pubmed/23274430
http://www.ncbi.nlm.nih.gov/pubmed/23937614
http://www.ncbi.nlm.nih.gov/pubmed/23937614
http://www.ncbi.nlm.nih.gov/pubmed/23937614
http://www.ncbi.nlm.nih.gov/pubmed/23815950
http://www.ncbi.nlm.nih.gov/pubmed/23815950
http://www.ncbi.nlm.nih.gov/pubmed/23348756
http://www.ncbi.nlm.nih.gov/pubmed/23348756
http://www.ncbi.nlm.nih.gov/pubmed/23348756
http://www.ncbi.nlm.nih.gov/pubmed/23348756
http://www.ncbi.nlm.nih.gov/pubmed/21964312
http://www.ncbi.nlm.nih.gov/pubmed/21964312
http://www.ncbi.nlm.nih.gov/pubmed/21964312
http://www.ncbi.nlm.nih.gov/pubmed/22646163
http://www.ncbi.nlm.nih.gov/pubmed/22646163
http://www.ncbi.nlm.nih.gov/pubmed/22646163
http://www.ncbi.nlm.nih.gov/pubmed/22646163
http://www.ncbi.nlm.nih.gov/pubmed/9974372
http://www.ncbi.nlm.nih.gov/pubmed/9974372
http://www.ncbi.nlm.nih.gov/pubmed/9974372
http://www.ncbi.nlm.nih.gov/pubmed/9974372
http://www.ncbi.nlm.nih.gov/pubmed/6438526
http://www.ncbi.nlm.nih.gov/pubmed/6438526
http://www.ncbi.nlm.nih.gov/pubmed/6438526
http://www.ncbi.nlm.nih.gov/pubmed/2123300
http://www.ncbi.nlm.nih.gov/pubmed/2123300
http://www.ncbi.nlm.nih.gov/pubmed/2123300
http://www.ncbi.nlm.nih.gov/pubmed/2123300
http://www.ncbi.nlm.nih.gov/pubmed/2492083
http://www.ncbi.nlm.nih.gov/pubmed/2492083
http://www.ncbi.nlm.nih.gov/pubmed/2492083
http://www.ncbi.nlm.nih.gov/pubmed/17218379
http://www.ncbi.nlm.nih.gov/pubmed/17218379
http://www.ncbi.nlm.nih.gov/pubmed/17218379
http://www.ncbi.nlm.nih.gov/pubmed/17218379
http://www.ncbi.nlm.nih.gov/pubmed/17610550
http://www.ncbi.nlm.nih.gov/pubmed/17610550
http://www.ncbi.nlm.nih.gov/pubmed/17610550
http://www.ncbi.nlm.nih.gov/pubmed/17610550
http://www.ncbi.nlm.nih.gov/pubmed/17123402
http://www.ncbi.nlm.nih.gov/pubmed/17123402
http://www.ncbi.nlm.nih.gov/pubmed/17123402
http://www.ncbi.nlm.nih.gov/pubmed/2903400
http://www.ncbi.nlm.nih.gov/pubmed/2903400
http://www.ncbi.nlm.nih.gov/pubmed/2903400
http://www.ncbi.nlm.nih.gov/pubmed/2306514
http://www.ncbi.nlm.nih.gov/pubmed/2306514
http://www.ncbi.nlm.nih.gov/pubmed/2306514
http://www.ncbi.nlm.nih.gov/pubmed/22368271
http://www.ncbi.nlm.nih.gov/pubmed/22368271
http://www.ncbi.nlm.nih.gov/pubmed/22368271
http://www.ncbi.nlm.nih.gov/pubmed/20606161
http://www.ncbi.nlm.nih.gov/pubmed/20606161
http://www.ncbi.nlm.nih.gov/pubmed/20606161
http://www.ncbi.nlm.nih.gov/pubmed/20606161
http://www.ncbi.nlm.nih.gov/pubmed/19259064
http://www.ncbi.nlm.nih.gov/pubmed/19259064
http://www.ncbi.nlm.nih.gov/pubmed/19259064
http://www.ncbi.nlm.nih.gov/pubmed/11583319
http://www.ncbi.nlm.nih.gov/pubmed/11583319
http://www.ncbi.nlm.nih.gov/pubmed/11583319
http://www.ncbi.nlm.nih.gov/pubmed/6797092
http://www.ncbi.nlm.nih.gov/pubmed/6797092
http://www.ncbi.nlm.nih.gov/pubmed/4824431
http://www.ncbi.nlm.nih.gov/pubmed/4824431
http://www.ncbi.nlm.nih.gov/pubmed/4824431
http://www.ncbi.nlm.nih.gov/pubmed/4557986
http://www.ncbi.nlm.nih.gov/pubmed/4557986

Citation:

Mansouritorghabeh H, Ghasemi A (2014) The Current Role of Bone Marrow Transplantation in the Treatment of Hemophilia A. J
Hematol Thrombo Dis 2: 143. d0i:10.4172/2329-8790.1000143

Page 4 of 4

37.

38.

39.

Marchioro TL, Hougie C, Ragde H, Epstein RB, Thomas ED (1969)
Hemophilia: role of organ homografts. Science 163: 188-190.

Ostronoff M, Ostronoff F, Campos G, Arruda S, Vaz C, et al. (2006)
Allogeneic bone marrow transplantation in a child with severe aplastic
anemia and hemophilia A. Bone Marrow Transplant 37: 627-628.

Turner ML, Watson HG, Russell L, Langlands K, Ludlam CA, et al.
(1992) An HIV positive haemophiliac with acute lymphoblastic
leukaemia successfully treated with intensive chemotherapy and

40.

41.

syngeneic bone marrow transplantation. Bone Marrow Transplant 9:
387-389.

Uprichard ], Dazzi F, Apperley JF, Laffan MA (2010) Haemopoietic stem
cell transplantation induces tolerance to donor antigens but not to
foreign FVIII peptides. Haemophilia 16: 143-147.

Ramezani A, Zweier-Renn LA, Hawley RG (2011) Factor VIII delivered
by haematopoietic stem cell-derived B cells corrects the phenotype of
haemophilia A mice. ThrombHaemost 105: 676-687.

] Hematol Thrombo Dis
ISSN:2329-8790 JHTD, an open access journal

Volume 2 « Issue 4 « 1000143


http://www.ncbi.nlm.nih.gov/pubmed/4883723
http://www.ncbi.nlm.nih.gov/pubmed/4883723
http://www.ncbi.nlm.nih.gov/pubmed/16444275
http://www.ncbi.nlm.nih.gov/pubmed/16444275
http://www.ncbi.nlm.nih.gov/pubmed/16444275
http://www.ncbi.nlm.nih.gov/pubmed/1617323
http://www.ncbi.nlm.nih.gov/pubmed/1617323
http://www.ncbi.nlm.nih.gov/pubmed/1617323
http://www.ncbi.nlm.nih.gov/pubmed/1617323
http://www.ncbi.nlm.nih.gov/pubmed/1617323
http://www.ncbi.nlm.nih.gov/pubmed/19735311
http://www.ncbi.nlm.nih.gov/pubmed/19735311
http://www.ncbi.nlm.nih.gov/pubmed/19735311
http://www.ncbi.nlm.nih.gov/pubmed/21264447
http://www.ncbi.nlm.nih.gov/pubmed/21264447
http://www.ncbi.nlm.nih.gov/pubmed/21264447

	Contents
	The Current Role of Bone Marrow Transplantation in the Treatment of Hemophilia A
	Abstract
	Keywords:
	Introduction
	Common Treatment Options
	Cryoprecipitate
	Desmopressin
	Plasma derived factor VIII concentrates (pdFVIIIC)
	Recombinant factor VIII concentrates (rFVIIIC)
	Recombinant activated factor VII (rFVIIa)
	BMT in mouse model of hemophilia A
	BMT in canine model of hemophilia A
	BMT in patients with hemophilia A

	Conclusion
	References




