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Research outline: Development of gene therapy for Hemophilia A using a novel RNA vector

This project is a co-operative work of the University of Tsukuba, The National Institute of

Advanced Industrial Science and Technology (AIST), Eisai Co., Ltd., and CellGenTech Inc. The

result includes three points.

6))

2

3

A novel RNA vector can carry genes up to 13.5 kb altogether, and the full length gene of
coagulation factor VIII, which is about 7 kb, can be available. (i) We use three gene types of factor
VIII, full-length (FL), N6 type, and B-domain deleted (BDD) type, to be transfected into cells
in a culture condition. We used both primary cultured ceiling culture derived proliferating
adipocytes (ccdPA), BHK21 cell line, and 3T3-F442A cell line. We detected an activity of factor
VIII in each supernatant of cells transfected with N6 type and BDD, although no activity in
FL transfected cell supernatant was found. (ii) Using the novel RNA vector installing with
other X genes involved in protein secretion, FL factor VIII was stably expressed at the same
level of N6 type or BDD.

Therapeutic effects have been observed by ex vivo gene therapy protocols using the novel vector.
(i) 3T3-F442A cells (mouse preadipocytes) were transfected with the mouse factor VIII gene
and transplanted to hemophilia A mice. Activity of plasma factor VIII increased after the
transplantation. We observed a pharmacological effect by transplantation of mouse factor
VIII secreting cells to hemophilia A mice. (ii) Human mesenchymal stem cells (commercial
basis, similar to human ccdPA ) was transfected with the human factor VIII gene, and then
transplanted to immunodeficient mice (NOG mice). Antigen of human factor VIII was
detected in mice plasma after the transplantation. We have shown an in vivo function of the
project product, human factor VIII secreting ccdPA (similar to human mesenchymal stem
cells).

In vivo image analysis using the expression of near-infrared (NIR) fluorescent protein (iRFP)
clearly demonstrated the distribution of the vector over time. We used a non-invasive bio-imaging
method by the RNA vector installed with the iRFP gene, which is a useful longitudinal marker
of an expression and dynamic movement of the vector in mice. (i) In vivo gene delivery: We
injected the vector directly via either a subcutaneous, intramuscular, intraperitoneal, or
intrarectum route. After that, the fluorescent emission was detected at only the injected site,
independent of each injection route. The cells carrying the vectors were also detected
histologically at the same site. (ii) Ex vivo gene delivery: We transplanted 3T3-F442A cells or
human mesenchymal stem cells in which stably producing iRFP, via either an intramuscular
or intraperitoneal route. The fluorescent signal was detected almost permanently in NOG

mice at only the transplanted site.
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