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(#3) Hemophilia is a congenital bleeding disorder caused by genetic mutations of coagulation factor VI
(FVI) or IX (FIX). Large number of hemophiliacs had infected with HIV and HCV by the contaminated blood
product used for treatment, leading to serious social problem. In this study, we aimed to overcome the
complications associated with hemophilia treatment by following approaches; 1) Development of gene therapy,
2) Management of inhibitor (alloantibodies against coagulation factor), and 3) QOL survey by questionnaire and
development of support method for carriers.

Development of gene therapy: Because of the extremely short half-life of factor concentrates, patients are

required as frequently as 1-3 times a week. Gene therapy can provide permanent therapeutic effects with a

single treatment to resolve the problems in current hemophilia care.

1) Adeno-associated virus (AAV) vector: Current clinical trials of gene therapy for hemophilia mainly employs
AAV8 vector, however, it may require expensive licensing fee in our planning clinical trials. In this year, we
identified other AAV serotype to show similar treatment effect with those by AAV8 vector in macaque
(Ohmori, Mizukami, Sakata, Ozawa, Muramatsu). We also confirmed the maintenance of safety and
efficacy for over 8 years in monkeys in the experiments with AAV8. We plan to apply baculovirus
expression system to produce larger vector doses in hemophilia treatment (Mineno, Muramatsu). We are
now formulating a current Good Manufacturing Process to optimize the production system. The treatment
effects of AAV vector can be prevented by neutralizing antibodies against AAV capsid. We developed the
imaging system to detect luminescence in larger animals, and have set the threshold to inhibit in vivo
vector transduction using pigs (Ohmori, Nishimura, Mizukami, Hishikawa). In addition, we could succeed to
detect dynamics of fibrin thrombus formation in vivo (Nishimura).

2) Simian Immunodeficiency virus (SIV) vector: Hemophilic arthropathy is the most important factors to
determine QOL in hemophilia. We have developed a new cell therapy in which mesenchymal stem cells
(MSCs) expressing FVIII using SIV vector are injected to the joint. In this year, we isolated autologous
MSCs from monkey bone marrow, and transduced with SIV vector. The transduced MSCs were injected
into knee joint of 5 monkeys, and confirmed the safety of the procedure by macroscopic examination
(Ohmori, Mizukami). In addition, we optimized the process of production and purification of SIV vector to
develop pharmaceutical formulation (Inoue).

3) Novel approaches: We applied AAV vector into CRISPR/Cas9, and succeeded to correct bleeding
phenotypes of hemophilia B mice (submitted) (Ohmori, Mizukami). Notably, the therapy also cured neonate
mice with haemophilia, which cannot be achieved with conventional gene therapy with AAV vector. We also
developed the method to detect patient-specific mutation site by next generation sequencer, and have
analysed the mutation in Japanese patients (Inaba).

Management of inhibitor (Shima): One of the most significant complication of treatment in hemophilia is the

development of alloantibodies that inhibit FVIII activity (Inhibitor). The inhibitors abolish efficacy of FVIII




concentrates, thus replacement therapy become ineffective. The analysis to elucidate the mechanisms of the
inhibitor development may lead to the development of new approaches to control the inhibitor.

1)

2)

Prospective cohort study: We conducted prospective cohort study enrolled newly-diagnosed hemophilia

patients in Japan (J-HIS2). We have recruited total 330 patients, and found the inhibitor occurred 20%
patients. The inhibitor significantly developed in the patients with on-demand treatment, compared with
regular replacement therapy. Genetic analysis revealed that null mutation became the risk of the
development of the inhibitor.

New insight from the analysis of inhibitor cases: We analyzed mutation of coagulation factor gene in our
prospective cohort, and found that the missense mutation in cases which developed inhibitor contains high
antigen-presenting activity against specific HLA types by in-silico analysis. Further, we analyzed epitope of
alloantibodies, and found the epitope sometimes differed from mutation site. The alloantibodies recognized
three-dimensional structure or surface localization changed due to the mutation.

QOL survey and Development of support method for carriers

1)

2)

QOL survey (Takedani): We collected 753 questionnaires from Japanese hemophilia patients, and primary
analyzed the availability of new-developed preparation and social compensation for hemophilia in Japan.
About 80% patients interested in new preparations, indicating the considerable interest and expectation.
Although public funds pay all of cost for the care for hemophilia in Japan, a part of patients could not
completely comprehend the system. These data are summarized as a primary report, and distributed to
related hospitals and affiliates, and published in our Web site. We also recruited 7 hemophilia patients to
DVT study in joint surgery, and diagnosed two asymptomatic DVT in perioperative period.

Development of support method for carriers (Kakinuma): We developed e-leaning system for preparability
acquisition for hemophilia carriers in last year (access number 1,240 cases, direct counselling 57 cases).
To employ the system, the problems in each individual carrier could be clearly elucidated. We could
adequately introduce a client to the specialist of medicine, law, and genetics, as required. This approach
realized tailor-made support system for hemophilia carriers. We further analyzed support system from the
multidirectional viewpoint by the many types of occupation, and are trying to improve the system.
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