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Artificial chromosome (AC) has several advantages as a gene therapy vector, including the ability to carry large
gene inserts and stable episomal maintenance that avoids insertional mutations. AC replicates and segregates
independently from host chromosomes as a minichromosome. Hemophilia A (HA) is X chromosome-linked
hemorrhagic disorder caused by defects in the coagulation factor VIII (FVIII) gene. Current treatment consists
of factor replacement with plasma-derived or recombinant FVIII products. However, these therapies are limited
by the risk of infectious disease, the need for frequent injections, and the high cost of treatment. Alternatively,
gene therapy is an attractive approach for the treatment of HA, because a relatively modest increase in FVIII
levels results in a sufficient therapeutic effect and it may provide sustained levels of FVIII. Induced pluripotent
stem (iPS) cells, which can be generated from an individual’s own tissues and contribute to any tissues, have a
great potential for gene therapy. At the last meeting, we showed that the reprogramming and the correction of
genetic deficiency in HA mouse cells using the non-integrating AC vector system. First, iPS cells were generated from HA mouse embryonic fibroblasts by introducing AC vector with four reprogramming factors and a
p53-knockdown cassette. Next, the iPS cells were corrected by transferring AC vector with therapeutic FVIII
gene. The FVIII-MAC vector carried the tandem 16 repeats of 9.1kb expression cassette, which is comprised of
human B domain deleted FVIII cDNA, each under the control of a CAG promoter and flanked with HS4 insulators.

The AC vector system, which contains the combination of reprogramming factors for making iPS cells and
complement genes, may be a promising tool for safer gene- and cell-therapy of HA. Using these therapeutic iPS
cells, we are confirming the long-term improvement of hemorrhage in HA mice.
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In order to determine developmental potential and expression of the transferred FVIII ex vivo, HA-iPS (FVIIIMAC) cells were induced into hepatoblast (hep) differentiaiton because of normal hepatocyte produces FVIII
intrinsically. These hep cells were expressed hepatocyte markers, such as Afp (a-fetoprotein) and Alb (albumin).
HA-hep carrying FVIII-MAC also secreted functional FVIII in conditioned media. HA-iPS (FVIII-MAC) cells
were intravenously injected into HA mice with immunosuppressive agent. The functional FVIII was detected in
HA mice plasma for a week after transplantatioin.

