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Because embryonic stem (ES) cells and induced pluripotent stem (iPS) cells can differentiate into various types of
cells in vitro, they are considered as a valuable model to understand the processes involved in the differentiation into
functional cells as well as an unlimited source of cells for therapeutic applications. Efficient gene transduction method is
one of the powerful tools for the basic researches and for differentiating ES and iPS cells into lineage-committed cells.
Recently, we have developed an adenovirus (Ad) vector for efficient transduction into ES and iPS cells. We showed that
Ad vectors containing the cytomegalovirus enhancer/B-actin promoter with S-actin intron (CA) promoter or the elon-
gation factor (EF)-1o promoter were the appropriate for the transduction into ES and iPS cells. We also found that en-
forced expression of a PPARy gene or a Runx2 gene into mouse ES and iPS cells by an optimized Ad vector markedly
augmented the differentiation of adipocytes or osteoblasts, respectively. Thus, a gene transfer technique using an Ad
vector could be an advantage for the regulation of stem cell differentiation and could be applied to regenerative medicine

based on ES and iPS cells.
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Fig. 1. Efficient Transgene Expression in Mouse ES and iPS Cells by an Ad Vector

(A) Mouse ES cells or iPS cells were transduced with LacZ-expressing Ad vector at 3000 VP /cell for 1.5 h. On the following day, LacZ expression in the cells
was detected by X-gal staining. Data shown are from one representative experiment of three performed. (B) Paraffin sections of the teratomas derived from Ad-CA-
mCherry-treated iPS cells were prepared, and sections were stained with hematoxylin and eosin. a, ectoderm (epidermis) ; b, mesoderm (cartilage and adipocyte) ; c,
endoderm (gut epithelium). (C) ES-EBs or iPS-EBs were transduced with each Ad vector at 3000 VP /cell. After 48 h, S-galactosidase luminescence assay was car-
ried out. Results shown were the mean of five independent experiments with indicated standard deviations.
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Fig. 2. Increased Adipocyte or Osteoblast Differentiation from Mouse ES and iPS Cells by Ad Vector-mediated PPARy Gene or

Runx2 Gene Transduction

(A) ES-EBs or iPS-EBs were transduced with 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 d in the presence or absence of adipogenic supplements (AS). After cultivation, lipid accumulation was detected by oil red O staining. Data shown
are from one representative experiment of three performed. (B) ES-EBs or iPS-EBs were transduced with Ad-CA-LacZ or Ad-CA-Runx2, and were then cultured
for 15 days with or without osteogenic supplements (OS) . Matrix mineralization in the cells was detected by von Kossa staining. Data shown are from one represen-

tative experiment of three performed. Abbreviation; w/o, without.



1336

Vol. 131 (2011)

K0, EVMENDHMEIFRN I TN ESNnE
fiEt U7z, PPARy Bz T % ES, iPS i il ~ & A
U, FEMMRSEH OWRERT (1 > 20 25%) |
THEET S Z LKV BN DMEEEZIT>
. TORER, WERTOAEZERIELMKDFE
BIETIIA 40% OMK IR 2 FHL Tz
IZk LU, PPARy EIZTOEALRMERTZHHL
7R EIETIE, 90% DL E M A g i = EFE L T
W7z [Fig. 2(A)].87 §7/xbH, < X ES/iPS
el 5 BRI~ D bR 21T Ad X7 7 — 2 v
7= PPARy BT OEAICK D REMICKETE S
ZEMRENTZ.

KIZ, BFMBANOMEAEERIZIBNWTDH, Ad
N H—IZKDHHEREB LT DOEBEAL BEO 3 bah %
WOWTHELZ., Ad X7 ¥ —%HW\WTES, iPS
ME~NEFEMEIEOTAY —EBRFTHD
Runx2 (Runt-related transcription factor 2) E&T
ZEAL, pr U0 CREDOKRERT & & 05
P THEE L2, BN R Z T L -
fER, Runx2 @R TZ2E ALK ES,iPSfifldid, #&

(A)

Ad-Null

c2|

g8

= |

3
(2]

=i

g3

=X

To

(8)

= =
15} @
c Lo
O O
£ £
2 3
e 3
m -
z o

DAPI

DAPI

Ad-RSV
-LacZ

HRF DA TEZE LMK LacZ EinT (3>
co—)b) ZEALUMREE L, AR L M
JAMNFEHIZHEML TWa Z EH5M /> /= [Fig.
2B)]. P U EDRERNS, AdXIV Y —ZH W/
Runx2 T DHEAICID, BFEMEAZIERILL
SHEBERRETH D T EAVR I Nz

4. E b ES,iPS HIE~NDELTEA

b~ ES, iPSHifdix, YV AU T+ AT 75—t
% Oct-3/4, Nanog O F#H 7z £, <7 X ES, iPS f#i
fid & Rk DR & H 9 %4 T, SSEA-4, TRA-1-60
12 ED T OFBIDOWEREE, MRHERE, U
Z ES, iPSHIld EDHEDEVWHHS N ER> TN
%, %I T, Y7 AES,iPSH#ilTHNLL/-EET
BAGENE N ES, iPS i B W T H R ATHEN &
M, LacZ BB AdXRIV Y —Z2HWTHRF L. £
DiEF, CAKXUEF-la 7OE—¥—%2HF79 % Ad
N7y —2ERI®ZE NES,iPSHiigicBnT
LacZ ORI I0_—2KTHED 5N [Fig.
3(A)].9 728, kb iPSHIlE®D Oct-3/4 %\ Na-
nog DFHIT Ad XV ¥ —1Z XD EIn THEAZ DM

Ad-CMV Ad-CA

-LacZ 7

[ BTN
y /
I S .
-7 58
{
A |

Fig. 3. Ad Vector Could Efficiently Transduce a Foreign Gene in Human ES and iPS Cells without Any Decrease in the Expression of
Pluripotent Genes
(A) Human ES cells (KhES-1) and iPS cells (201B7) were passaged into culture plates in the presence of ROCK inhibitor, Y-27632. On the following day, they
were transduced with LacZ-expressing Ad vectors containing various types of promoters at 3000 VP/cell for 1.5 h. Forty-eight hours later, X-gal staining was per-
formed. Data shown are from one representative experiment of three performed. (B) Human ES cells and iPS cells were plated into culture plates using Y-27632. On
the following day, they were transduced with Ad-EF-mCherry at 3000 VP/cell for 1.5 h. Two days later, the expression of Nanog (left) and Oct-3/4 (right) was de-
tected by immunostaining.
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