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A novel human artificial chromosome vector provides

effective cell lineage-specific transgene expression in
human mesenchymal stem cells
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In cell-based gene therapy, human bone marrow-derived mesenchymal stem cells MSCs)
draw attention as a potential progenitor cell source for repair and regeneration 6f diverse
adult tissues, including fat, cartilage, boné, marrow stroma’ and skeletal muscle. One of the
major aims of stem cell-mediated gene therapy is to develop vectors that will allow
appropriate levels of expression of therapeutic genes along differentiation under
physiological regulation of the specialized cells. Human artificial chromosomes (HACs) are
stably maintained as indlependent chromosomes in host cells and should be free from
potential insertim al mutagenesis problems 6f conventional transgenes. Therefbre, HACs

have been proposed as alternative imp lements to cell-mediated gene therapy. Previously, we

constructed a novel HAC, termed as 21Apq HAC, with a loxP site in which circular DNA can °

be. reproducibly inserted by the Cre/loxP system. We here assessed feasibility of
lineage-specific transgene expression by the 21Apqg HAC vector, utilizing in witro
differentiation system with a MSCs cell line, hiMSCs, which has potential for osteogenic,

chondrbgenic, and adipogenic differentiation.

Methods '
The hiMSCs are capable of in witro tridirectional differentiation into chondrocytes,
adipocytes and osteocytes in response to appropriate culture stimuli. We made two types of

osteopontiri (OPN)-EGFP reporter constructs, with or without insulators in both sides of
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OPN-EGFPexpression units. These constr ucts are site-specifically inserted into the loxP site
on the HAC via Cre-loxP system. Then, these HACs are introduced into the hiMSCs by
microcell mediated chromosome transfer.- FISH analysis is used to test the stability of HAC
vector in hiMSCs. Expression status of the reporter gene in the hiMSCs hybrids containing
these HAC vectors were tested before and after induction of osteogenic- and adipogenic

-differentiation.

Results

HAC wector is successfully introduced into the hiMSCs and is stably maintained over
100 population doubling levels. In addition, the HAC does not affect the differentiation
ability of hiMSCs. Two types of OPN-EGFP reporter construct, with or without insulators in
both sides of OPN-EGFP expression units are site- specifically inserted onto the HAC in the
CHO cells. Then, these HACs were introduced into hiMSCs via microcell mediated
chromosome transfer. The FGFP gene was specifically expressed in the hiMSCs hybrid
clones containing the HAC with Insulator-OPN-EGFP, that differentiated into osteocytes in
coordination with the transcription of endogenous OPN gene, but was not expressed after
adipogenic differentiation induction or in non-induction culture. However, the hiMSCs
containing the HAC without the insulator in the OPN-EGFP reporter construct expressed

the EGFP in non-induction culture.

Discussion

In the present study, we aimed at addressing whether the 21Apq HAC vector could
provide lineage-specific expression of a transgene, utilizing in vitro differentiation system in
a MSCs cell line. Our results demonstrated that the 21Apq HAC vector allowed inducible
expression of EGFP gene driven by OPN promoter in hiMSCs differentiated into osteogenic
lineage. These results suggest that use of the HACs vector is suitable for regulated

expression of transgenes in stem cell-mediated gene thera py.
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