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F1H%H BEES KHI3302 18FEESE

BEERZBBNE LT T/ UANARIZ Z—IZLD
ESHIa~DZh R 2Bl FEA - RER OB

At R RIMATBUE AN ERERTTER
BETEARB 2= b

W )k =

ES % HAYOMERIZ L S BIZIIRER (EB) & KidhddELZN LTRSS, ABFETIX
EORIIBEFEATELZ-EBHLNATWVWATT ) UL NARS Z—%BAWT, EB I RET+H
ATBZ LIz, BRI BMOMBIZOEES D ZEBAETHIZEEHELMILE,

A. BFFEEAY

PEPEER MRS (embryonic stem cells; ES #ERR) (X
E|IRHMFERERS L UL B REEZ A T MR TH Y,
1981 iUV ARPLFDTHILE NI, Tl
S, ES HMRIIBEFRA~T AMEROT-OOREE
THEAMEE LTERENTE 22, 1988 FiZt
hEA 5 ES MRDHMENTLRE, BEER~D
IEAXEZLND L OIT/eoTz, ES MRz BN
HERIZ b /D IZIZEEEE (embryoid body; EB)
ELIENDPHEENT D, BEEE. 7T/ VAR
(Ad) <27 F—% AWt EB ~ORERETHEA
BIZoWTHE L, 22T, FEEZIID Ad
77 —%RAWT EBICHERETFLEATIIELI
X0, BOHRIZHEL oS D Z LA AEE
NE D MITOVWTHRE LT,

B. BFREFIE

(1) =72 ES FERR DI

El4 =7 R ES #EM (mES #EAR) iX LIF 2/
iz T7 4 — % —#i#2 (embryonic fibroblast) k
THE# L, 3-5 AT LiCHER L7, BEER{E (EB:
embryoid body) ¥ mES M@EZ NPV FT v ad
(T 3000 cells/30u 1 THEESE (NrFUTF
oy /i) 5 BRERTAIZLICEDERILL,

(2) Ad =7 ¥ —D¥ER

Ad 7 #—O{ERIT improved in vitro FA4 4
—&e WIEE LY ek, ¥ REFRELP
pHMCMVS B L U ED T 0E—F—% CA Tu®—%
—. EFlgyae=#i-~TRERLEFZRAELF
pHMCAS, pHMEFS Z{EmX LT-. FhFfho=iLF 7
B—= WM B-HF 7 b —¥ (LacZ) &
EFEBAL, LacZ BHV ¥ b7 F7RAIF
pHMVMV5-LacZ, pHMCAS-LacZ, pHMEF5-LacZ % fERX
L. RIS, FENEHhO Iy bATZAI F# I-Ceu
I & PI-Sce I TiH{EL, FIBERTHIELL=R2Z #
—7ZAIF pAdiM4 L F A ¥ —a L EITHT L
i3V lac BARF F—~FFREF
pAdHM4-CMVLacZ1, pAdHM4-CALacZ1, pAdHM4-EFLacZ1
B/, e, 77 A WE Md A7 F—REK
+ %7 %, pHMEF5-LacZ 2DV T3 pAdHM15-RGD,
pAdiM41-K7 & & T A ¥ — a3 » BT,
pAdHM15-RGD-EFLacZ1, pAdHM41-K7-EFLacZl % {ERK
[

ERLEARZS—FFAZ FE Pac I THRI{IEL,
SuperFect (¥ 7 7 #f) ZFEVT 293 #BRRIZFZ
ATy MFHILICLY, Lacl BEAIRS F
—  Ad-CMV-LacZ . Ad—CA-LacZ , Ad-EF-lacZ .
AdRGD-EF-LacZ, AdK7-EF-LacZ #§7=, EEITLY
Ad <7 F—DHFE, HBETol. MRLIL~7 ¥



—OYMBZEH BRI AFHFEICLIVRAEL., &
=T Adeno-X Rapid Titer Kit (# w7

w 7)) 2RAWTRIEL:, £72. R#kIC Ad-CA-GFP,

Ad—CA-PPARy ZfEB L 7=,

(3) RT-PCR

mES #fats LT EB 25 total RNA ZHEH L,
G3PDH. CAR. Oct-3/4. Nanog. Brachyury(T) ®%&
BEFRAEZRESI L 12 AT L— MIBEL.
SHEFEEEH T 12 A LM 5. total RNA
Z4t L, PPARy (PPARy 1 & PPARy 2 O F &4
H) . PPARv 2 (PPARy 2 O & H) | C/EBPa . aP2,
adiponectin, leptin, G3PDH D FBETRREFE
fzo PR 7FA=—2LLFTD D& AWV,

G3PDH(F) : 5 —ACCACAGTCCATGCCATCAC-3’
G3PDH(R) : 5° -TCCACCACCCTGTTGCTGTA-3’
CAR(F): 5" -TGATCATTTTGTATTCTGGA-3’
CAR(R): 5" -TTAACAAGAACGGTCAGCAG-3’
Oct-3/4(F): 5" —-GTTTGCCAAGCTGCTGAAGC-3’
Oct-3/4(R): 5" -TCTAGCCCAAGCTGATTGGC-3’
Nanog(F) : 5" -ATGGTCTGATTCAGAAGGGC-3’
Nanog (R) 5° —TTCACCTCCAAATCACTGGC-3’
Brachyury T(F) 5" —CAGGAGGATGTTCCCGGTGC-3’
Brachyury T(R) 5 -TCCGAGGTTCATACTTATGC-3’
PPARy 1(F): 5’ —-CCCTGGCAAAGCATTTGTAT-3’
PPARy 1(R): 5" —AATCCTTGGCCCTCTGAGAT-3’

PPAR v 2(F) : 5’ -ATGGGTGAAACTCTGGGAGA-3’

o

PPARy 2(R) : 5" -CAACCATTGGGTCAGCTCTTG-3’
C/EBPe (F) : 5

C/EBPa (R) 5  ~-GTCACTGGTCAACTCCAGCA-3’

~CGCTGGTGATCAAACAAGAG-3’

aP2(F) 5" -TGGAAGCTTGTCTCCAGTGA-3’

aP2(R) 5’ -ACACATTCCACCACCAGCTT-3’
adiponectin(F) 5  -GTTGCAAGCTCTCCTGTTCC-3’
adiponectin(R) 5° -GCTTCTCCAGGCTCTCCTTT-3’
leptin(F) 5 -TGACACCAAAACCCTCATCA-3’
leptin(R) 5" -CTCAAAGCCACCACCTCTGT-3’

(4) LacZ Tyt

Days DEBIZH LT A F o7 Fa v 7OWREET,
3000 VP/cell TH Ad 7 ¥ —% @Kk, 2 B
(C#BBa % 0.5% glutaraldehvde TEE L. X-gal ¥
i (1.3 mM MgCl,, 15 mM NaCl, 44 mM hepes, 3 mM
potassium ferricyanide . 3 mM potassium
ferrocyanide, 0.05% X-gal) T TREHITol,
EEITZaF v 7% Luminescent B -Gal Kit

FHRWTITo T,

(5) d~=~7F—IZL5BETHA

2 BMAVF Y Foy 72479 T LT ES
75 EB &AL &8, £ 0 3 B MR L7z Dayb
EB {Zx LT 10,000 VP/cell M T Ad-CA-GFP %
1.5 BFRER &%, TRIZAT L OIZGFP ORBREE
ARAT L7,

Ad <7 & — & EFECIER ¥ 58813, Day0 .2,
503 AT 10,000 VP/cell DBETH Ad <7 & —
# 1.5 BREHER &&=, 2B, JERMERR~LTFN
THELELRBRICI ATERETFEAZITo,

(6) GFP ST ARMT
EB {Z#f LT Ad-CA-GFP ¥ =&, 2 B#&IT GFP
ORBHMLAHESL—F—FBEHRBEICLIVEEL
fo. EHIE BB kI 7Bl AEELT
Tu—HA kA —F—IZ LV GFPBHMEOEIES %
EL Ry o

(7) BERGMRE~D LB
NXy T oy 7% 2 BEIT- T EB 2K
&, #WWT 3 BM all-transretinoic acid (RA)
SHEHTEE L, £O% RA 2BRVHEHT 2
BREEELT, 7 ABIZEZFFra—bLE 12
N7 L— R 4EB/well THEM L T {bLBFMiEH
(100 u M 3-isobutvl-l-methylxanthine, 100 nM



insulin . 1 u M dexametasone . 2 nM

triiodothyronine) TiZ3#E L7-,

(8) GPDHT w4

12 A7 b— MoEREL, HMeBEE#HT 12 B,
24 BESR L-MBRAZER L, T4 L—740 GPDH
Assay kit & AVvT GPDH (glycerol-3-phosphate
dehydrogenase) DEERTEEZRIE L7,

(i EEm~DE )
SEEIBHERLITDRMNPoT, £, b MH
kDEFEHKEFEEZRANVEERLITOR 2T,

C. MERER

ES #ER % in vitro THRIOMIRIZSTIESE DI
X, =7, BB (EB) & LiITh D REMBEICE
HEEERH T OMRESELER S ®, TR
BFhaEEmza ik BOMRIZAHIES
BHEWIFENELND, ES #lRBIUNSF
¥ FoyZt#% 2, 5 BE®D EB #AVWT, BE=F
#H 4 RT-PCR ICTHRHN LZER, ES MRBIT
EB OBMFIZBWVWTTFTT /A NVAZESE CAR
(coxsackievirus and adenovirus receptor) 3%
WRE» b (Fig. 1), 7=, ES MlADORTE
MEFFIZM B DEEREFTH D O0ct-3/4 X Nanog i
ES MR CTHEERL TR, EB iZakTdic-h %
BIMETFTLTWE (Fig. 1), EHIZ, EB TIIPRE
Ev—H—T%HD brachyury (T) DOEBBENELLD
bl

¥RIZ, RSV, CMV, CA, EF-lo & ¢ O T o E—¥
—%FTD LacZ BH Ad XFF—%, Nr¥T
Fay7# 5 BB® EB Zxt L., 3,000 VP/cell @
METEREER/R,. (A 7uxs—F—%2HLE
Ad "7 F—ZERSHEBEIELREVREFR
WAL, EBBIZIZ CA/e®—F%—%2FT5H Ad~
7 —NRETHDHZ EHrEANE (Fig. 2),

Fig. 1  RT-PCR analysis in ES cells and EBs.
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Fig. 2 B-galactosidase  activity of Ad
vector-transduced EBs. EBs were transduced with
3000 VP/cell Ad-CMV-LacZ, Ad-RSV-LacZ,
Ad-CA-LacZ, or Ad-EF-LacZ. Two days after
infection, B-galactosidase activity was measured.

f-galactosidase activity
(U/mg protein)

EB 135fb L7 ES MBROEBEEETHDI D, 1
EOERATEONEICET Ad N7 F—F B¢
HDOIEETHDLEZOND, £Z T, INET
@ 1 EERICH L, EB fER#% 0, 2, 5 BEDF 3
B CA Foe—F—%&HF L7 GFP B3 Ad <27 ¥
—R{EAEE. 1EERL 3 EERDORGTFEAL
FIZHOWTBRMLE (Fig. 3), TORER. 1 EHEA
ERTHEE, 24%DOMIIZESGFIT GFP DORIRN
HeHbnf-owxl, 3 EMERSEEES TIX
38% DAMALIZ GFP OFEBRHH LD HIL, EB LT
2 Ad R F—%{EREED I EICTLY, BEADR



DERRSTNT EB NET

EWEALMNERDT,

CORBERBEHEND T

242 + 23% 38.1 = 4.1%

Fg. 3
three times (B) infection of Ad-CA-GFP. The

GFP expression in EBs after once (A) or

percents mean the transduction efficiency measured by
flowcytometry analysis. Note that EBs, which are
transduced with three times infection of Ad vectors,
exprees GFP not only in marginal cells but also inner
cells (B).

LlEX®n, Ad =& #—%FHU= EB ~OFEE

EE T EAENELTEX-OT, RIZZOFIELXH
BB F% EBICEAL, BAyOMABIZL
i‘ﬁi‘ = k A 5 g‘fwf_

In vitro THEAER MR ZERIT D
ARESIICET 2 EBHEBLUBEZEERIZE -
THODTEETHDS, £ T, EiMRESILD~ A
H—LFal—F—T3HD PPAR vy (Peroxisome
Proliferator-Activated Receptor y ) E=F % Ad
Ry F—%HWT EB ([ZEA L, ES #RaH» 5 AR
BRI b &7, —ARIZ in vitro THEAGABRARIZ
ik ¥ 3B/ E. 4 BOBHEEF

( 3-isobutyl-1-methylxanthine insulin .
dexametasone, triiodothyronine) #*E#iZinz %
TEikiThbhnd, ¥7. IhLOBMEETHF
fETTC PPARy cDNA #MA L& Z 5, FERGHAR
b D IEE TH D GPDH (glycerol-3-phosphate
dehydrogenase) iEMVBHEIZ LR L7z (Fig. 44),

L. FOBBRIZBENLDTHTZ b, K
ICiRMEEFFET T PPARy cDNA #EA L, £
DFER, PPAR y MR TFORELER YRS
&, EEEFEMERRE L LB LA EID GPDH &%
LR L (Fig. 4B), LEedioT, Ad I F—

PPARy #{cF% EB IZ ¥ A3 HZ LIz

A
3 %02 W uninfected
‘E A LacZ
£ 0.02f ®PPARN
2
Foor
E o v
o 5 10 15 20 25
Days after infection
B
0.3 ¢ muninfected
.E Alacz
E g2 | ®PPARN
£
=]
{01
¥
g 0
] 5 10 15 20 25

Days after infection

Fig. 4  Adipocyte differentiation from ES cells after
infection of Ad-CA-PPARy.
Ad-CA-LacZ, or Ad-CA-PPARy in the

EBs were transduced
with none,
absence (A) or presence (B) of soluble differentiation
factors.  After infection of Ad vectors, GPDH activity

was measured.

D. EE
Ad ~7 7 — [ TRMELBELETIZHR I K
GFE2EATELRTHY, BREFIEHREXRICH
HECEMHARICBTAEBRETEAERICER
NT&E&E, EEBFFETIX, in vitro T ES M5
BOOBRIZLHEETI2BEOPMBETHS EB
TR L, BARICAKRCTFEEATLEMOBEE
A, CA 70T —F—%F LIERE Ad ~7
PRETHHZEERALMIZ LI, £/, BB

mc‘

H—

BRIEDT EITLD,

-y
EB REIC L BEFE2RESIHLLEBAIETH -

2o &BIC, Z0 M <7 Z—%F\T PPARy &



LT % EBIZMATAZ LICLY., %FEL A
RN SHEBEE BRI Th o7, 58, ZOHNE B
WTHLOMERGTFEZEAT LI LITL Y, Mk
R FEMaz LIt b b XE 5 LRARETH
HEEZLN, BEER~OGAICMITRLELRD
HITERNEEND,

E. #E8

(1) BEfb&Ehiz d_Z7F—2RAVWEZ itk
D, EB iCH LEADEICRETEATESZ LHH
binkizots,

(2) BEbEns Ad <27 #—%H\ T PPARy
BEFH EBICMATAZ LIcLY, VI GRS
HMRIC L ER DT L NAEETH -,
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