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Induced pluripotent stem (iPS) cells, which are generated from somatic cells by transducing four genes, are expect-
ed to have broad application to regenerative medicine. Although establishment of an efficient gene transfer system for
iPS cells is considered to be essential for differentiating them into functional cells, the detailed transduction characteris-
tics of iPS cells have not been examined. By using an adenovirus (Ad) vector containing the cytomegalovirus enhancer/
beta-actin (CA) promoters, we have developed an efficient transduction system for mouse mesenchymal stem cells and
embryonic stem (ES) cells. Also, we applied our transduction system to mouse iPS cells and investigated whether
efficient differentiation could be achieved by Ad vector-mediated transduction of a functional gene. As in the case of ES
cells, the Ad vector could efficiently transduce transgenes into mouse iPS cells. We found that the CA promoter had po-
tent transduction ability in iPS cells. Moreover, exogenous expression of a PPARY gene or a Runx2 gene into mouse iPS
cells by an optimized Ad vector enhanced adipocyte or osteoblast differentiation, respectively. These results suggest that
Ad vector-mediated transient transduction is sufficient to promote cellular differentiation and that our transduction
methods would be useful for therapeutic applications based on iPS cells.
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Fig. 1.

VPI/cell

Gene Transduction Efficiency in Mouse Primary BMSCs by Various Types of Ad Vectors

Mouse primary BMSCs were transduced with the indicated doses of LacZ-expressing Ad vectors for 1.5 h. Two days later, (A) X-gal staining and (B) lumines-
cence assay were carried out. Similar results of X-gal staining were obtained in three independent experiments. Scale bar indicates 200 um. (C) Optimization of
promoter activity in BMSCs using LacZ-expressing AdK7. BMSCs were transduced with each Ad vector at 300 or 3000 VP/cell, and LacZ expression in the cells was
measured. The data (B and C) are expressed as mean+S.D. (n=3). *p<0.01.
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Fig. 2. Promotion of in Vitro Osteoblastic Differentiation in BMSC Transduced with AdK7-CA-Runx2

BMSCs were transduced with each Ad vector at 3000 VP /cell for 1.5 h, and were cultured for the indicated number of days. (A) Alkaline phosphatase activity,
(B, left) matrix minerarization, and (B, right) calcium deposition in the cells was determined as described in Materials and Methods. The data are expressed as
mean+S.D. (n=3). *p<0.01 as compared with non-, AdK7-CA-LacZ-, or Ad-CA-Runx2-transduced cells. (C) RT-PCR was carried out using primers for Runx2,
osterix, bone sialoprotein, osteocalcin, collagen type I, and GAPDH. Lane 0: non-treated BMSCs; lanes 1, 5, 9, and 13: BMSCs with osteogenic supplements (OS) ;
lanes 2, 6, 10, and 14: BMSCs with OS plus AdK7-CA-LacZ; lanes 3, 7, 11, and 15: BMSCs with OS plus AdK7-CA-Runx2; lanes 4, 8, 12, and 16: BMSCs with OS
plus Ad-CA-Runx2.
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Fig. 3. In vivo Ectopic Bone Formation of Mouse BMSCs by AdK7-mediated Runx2 Gene Transduction

BMSCs were transduced with indicated Ad vectors at 3000 VP /cell for 1.5 h. On the following day, cells (2X 106 cells) were suspended in PBS and injected into
the hind limb biceps muscle of nude mice. Four weeks later, bone formation was analyzed by the microCT system. Similar results were obtained in two independent
experiments. Upper, X-ray images; lower, 3D reconstitution images.
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Fig. 4. Efficient Transgene Expression in Mouse iPS Cells by Using an Ad Vector Containing the CA and the EF-1o: Promoter

(A) Mouse ES cells or iPS cells were transduced with LacZ-expressing Ad vector at 3000 VP/cell. On the following day, X-gal staining was carried out. Similar
results of X-gal staining were obtained in three independent experiments. (B) Paraffin sections of the teratomas derived from Ad-CA-mCherry-transduced iPS cells
were prepared, and sections were stained with hematoxylin and eosin. a, ectoderm (epidermis); b, mesoderm (cartilage and adipocyte) ; ¢, endoderm (gut epitheli-

um).
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some proliferator-activated receptor gamma) J&{x
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FU7z. Wiffila~ LacZ Efx¥ (2> bho—)b) X
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Fig. 5. Introduction of Functional Genes into Mouse ES
Cells by Ad Vectors Containing EF-1o: Promoter

Mouse ES cells (1X10%cells) were seeded, and on the following day, the
cells were transduced with 3000 VP /cell of Ad-EF-LacZ or Ad-EF-STAT3F
for 1.5 h (A). Mouse ES cells were also co-infected with 3000 VP/cell of Ad-
EF-STAT3F and 3000 VP/cell of Ad-EF-lacZ or Ad-EF-Nanog for 1.5h
(B). On day 3, each cell was infected again by the same vectors. On day 5,
alkaline phosphatase staining was performed. Alkaline phosphatase-positive
cells indicate undifferentiated ES cells. Similar results were obtained in three
independent experiments.
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WTHI 50% ORAS, iPS HIIIZ BT 20-30% D
fimnznzht1Il by RO THERAINZDIZ
*f L, PPARy #{n¥ %% ALz ESfif &N iPS
M BV TIX 80-90% Dfifila 4+ )L L v K O
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Fig. 6. Efficient Adipocytic or Osteoblastic Differentiation from Mouse ES Cells and iPS Cells by the Transduction of the PPARY or

Runx2 Gene

(A) ES-EBs or iPS-EBs were transduced in triplicate with 10000 VP /cell of Ad-CA-LacZ or Ad-CA-PPARy. After plating onto a gelatin-coated dish on day 7,
ES-EBs and iPS-EBs were cultured for 15 days in the presence or absence of adipogenic supplements (AS). After cultivation, lipid accumulation was detected by oil
red O staining. a, non-treated ES-EBs; b, ES-EBs with AS; ¢, ES-EBs with AS plus Ad-CA-LacZ; d, ES-EBs with AS plus Ad-CA-PPARY; e, non-treated iPS-EBs;
f, iPS-EBs with AS; g, iPS-EBs with AS plus Ad-CA-LacZ; h, iPS-EBs with AS plus Ad-CA-PPARy. The scale bar indicates 60 um. (B) ES-EBs or iPS-EBs were
transduced in triplicate with 10000 VP /cell of Ad-CA-LacZ or Ad-CA-Runx2. After culturing for 15 days with or without osteogenic supplements (OS), matrix
mineralization in the cells was detected by von Kossa staining. a, non-treated ES-EBs; b, ES-EBs with OS; ¢, ES-EBs with OS plus Ad-CA-LacZ; d, ES-EBs with OS
plus Ad-CA-Runx2; e, non-treated iPS-EBs; f, iPS-EBs with OS; g, iPS-EBs with OS plus Ad-CA-LacZ; h, iPS-EBs with OS plus Ad-CA-Runx2. The scale bar indi-

cates 60 ym.
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