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G, BRERZEILOVTOS YA NV AEOEELRET 5 B RRBR2EHT 2 0E»NdH
%2, ¥, WETEPCEYRERS 2 EAT 50, REKERTYZRIEED Y A L2
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—H, MREZEDTVANADEAENRE LT, $2TEBLDIA VA ZHRT 288 %@



38 F2E EERICBEIZVMNNAREMEEREESE
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STEEBREDEBENETTLVIANAZHAEGOEE I EBBHEICR S,
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@X7“ﬂyﬁyLﬁﬁi/xTA@%%%@%@EZ7”%@%&%&%L%%éﬁ%@T%
% Z L DFEHA,

O FREBOEL ZEBED 7 A WV ARTEN/rELRETCOFER & FH,

® T ROEE (%) TR TOY A VA E (B DEFBIAIEMIC L 3 0rYHREICL S
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O #FW, B’iE »8, BN, BELZE, HEASRAROZOOBRELE) HE, WiTLizav
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WS 20ERH 5. £z, BoONLRERIFFINE 701013, FERE RIS ZNITEREE S 1L7:
bDTHBUNEND S,

10) DAIVRAI U7 S AOBFHENRELZS

REIRSZVIBHEHIBZ ZOAR ) ICER L GEIIE, STZOEEBNIANATIYT IV
ABEAIBELT, EEHI2VIIHBIEE L EEZ, HWEBEIGU TV ATL2HERIET 3
DEBD S,

HPDIC

EERFICBT 274 VAREREROERNAROENIL, KE2-D)EHIIRINTWE, T
nold, FEEREHRBRE CHEEITAREAPATFRBRICHATIREAZHEBNICTL T
5. —H, VA NABREREEADRLEET, »ORREY, RN, ABEN7 -1, BE#
BloER (BECEiZAEDOE b, Y% - EME - BEEMGUEEM - BUGEYE OEE - &
BELIOERKEROEE - b 2 0IREERELREICE>T, BT ELER S, MREAM
fa - MR AERERE TR, RINT - REHAL S TORBR A NVA V7 IV ARBE L) 7
7a—F R —RICERRELOT, Fr—/ER/EEREEEEM PEEREYE DL LT
T A INVABEED DRI BIREN R EREZ D, 7, Ml BRI HERREOES, BB
FOEETRECHEIRS ThH 5 Mg - M EEREYE D Y £ )V ABIEO GBREZ 1  AlEEiED
by, SETRO LY TR, HZIXEROBRE TCORNVPBNELREAELH 5. —K, MEEM R
DY VR BEEERERPCIBOEEADOHEE, RINT - REWAL 7 TORBPLTANAI YT
SYARBPEATELETEVBEI VA NAEEERZEERT LI LT THS. LTV 2,
A NVAEICRIE L CREITL, 2o v 746 L 7= CHO M4 2 EEMAELEREM & U CEIMER
HCHET % &) ARVSURZHEEMBERD Y vV EREEFOSAICKEL T, TEES
B Fr—boolEzFEME L L, Rz EERELEEM L 72 MKRSEEXOHAICIE, 7
T AHRERDHZTANADE FANDFEEP, VA NVAEERBROMHERAOEED H 20T
TANAREEIEL TR LY EECHIGTRETH 3,

ERMLSEHE (PR EBCL>TREBEELAIZ, B4y —2IBWTELRE, EN, &
HIEWIBRTDT =R « N4 - F—2D7 7u—F 2ERL, ZORHENZLEERTILET
H5, FAHEBREINEDT—F 2 BEICYZEEREVP R LD VA VAR ERERT Y
BORFMT 5 2 &k s, i CEEIRGRARFICZ DY A 7 IS I D = MEEREE R
DEBEZET 20,3 TEYHRESR), EYHEKEZOFTHRENEMLD U I3fTBIICAT




1) EERFEOHGE VA VAREMERDERNETAT | 41

BREGRICET 2 Y A2 100 T X S IKBEREESLEL D, Thbb FREE LOBE
DFEE IR EHIET 20 OEBEHET2 2 LHDELR DO 13 TEEEY RS, L LT
BEL, A7 A4 I7V2EBLEVANVAEEEERICIODWTEY FE2TAILELTY

5. TEMEREG 550 TREEY RN L LTEEINADDIE OV TIRZORSICEL
T, BUEIRGEEE I X 3 FMEORZERER, EMEESORESEHE, BERFBONLSEE BE
BEOHFEICOWTOEEORE, BEEOFE - HE  FAXES~OEWAER, Fr—
5 - BREGORE, BN E 2 IZEMEHNC & 2 By BT 3 BIRINE - 047 - SRR RO E 5
B ENREB I oN TS, BEKERE ERBICBVWTIE, BENFEACELZ YR LRX
74y M RBEAL, BEEESZ L, BEDPHEAMROLSGLEE, BEOREDPEARRHILT S
OIBEDR D BB EESONRICL B L ZIR) RREROCEADRML EBBEL SN
TWw3, BEGMONTWED, H2VEFHETEZ VR 2RB/NMBICT 20D KE2HETLIL
EHELD, BRARYAZEHETL, RERZEELEZY A2 OFHE B 212, T EE,
AR BHOKR, RERAOHIE, BHEZORF) 2RFICLHWLT, I5—ELT, »
SLBIIFI LI L THB Y,

LSS 51T, £ FRBYOE X HBORHEIC X 2 SR BB O B O BRI BIA F
N, BEEBRSOHBLANEICES AL TH-ARENHFEINTVS, 29 LREDF
T, KECR L&) ERARELH 2 _A—2IC, BRE—FELoTY A2 OHEREOES I
G U 7 A BIEE R HE L C, YA NVARSEREEL, BEORELHETAEY LS LT
) SRR AOEESED b NG I L, X5 I HEERASEE I h OSBRI R INE DO
HEBEEIN, MEIN2 I ErHfLEw,

GYIESS)

X [EN

1) Y mEERENE EL 15 EREEFMEERE 2105

2) &b (BT B3EME - BN TERREORERVE2EDOHFRCET 24, FR204F2H8H  BEXKE
0208003 5, “FEL204% 9 H 12 HETE

3) BEEBMEEEARER b+ (RE Bkl - AN TEEREO RERVELEOHEMRICET 2186t Tl
2049 A 12 H « BAEFEE 0912006 5

4) BREDGHER DY A N AZLEEEFOEANES, £ 15 WEHAERS, 5E5ER

5) BEEBMEBERZERFETEHE  ANZEMEzATHEINEI AL AT 7/ uP—FHEERDOV AL
AREVETM EEFE 30T, FR12E2H22H

6) BIIER, BAKER: BREAEBEDHEEN. FNERER) A FTBEEROBRLAE - BEEER V-7
A4« ¥—, 2007, ppl25-150

7) BEEFMEEREZERER | EPEALE MRESEEHO T4 VAN T 2ZEEERICETINA N4 v,
EEKE 10475, FRIIF8H30H

8) BJIER : £YhkEROEE. RIEXR(EE "{ITEEROBERLRE  TEUHER V- 74 -
> —, 2007, pp249-261



s nEEE

b FEREMERFRIRZ E o TeBEERE - MildaEICH1IT2

SHEE U ERDBIR

Tumorigenicity testing of products derived from human pluripotent stem cells

(EiEsR ey ZEMRAE

Yoji Sato’ and Takuya Kuropa'?

Bl B & RATE M ARLEE TR EE,
SEIERIRE M HSERER © v & —IASIIBEERERTE SV — 77

Okt MEMEHRRE (ES #A7) & M AT ZEEI4R MM (PS #I2) £ £ D, WhW 3 b - ZEEMEEREA & B4R
& LTHbe - B TR e 8E U, BARER - MRAEACAL LS ET5640, RE, BRSTIERIC

ERICEATVWAS. b FZEEMERHREEMERNCBIES W AEICIEE 2R T 5468

, Whid EEE

4 ETROBEE L TRIELTSHY, b MSEREERITE EMHE L ZEES  BERERICBVW TR, £5
{EHRBR DR A - FR BRI & 5 BFTIEAEMIZ AP, BEMAPELEMET S &, THbEREEROEEEN
DFHEiE ERHIEELRBE LS. Lo L, BECHRET 38 E 36 FREOEME & HHRIC U S5
HHBROAN FIA L EVEDEIAHFERELEV. K TRE MSEERMEMN TRROREIHEIHICE
ChHHT, TOERBEOFMEDTRK EFRBEICOWTHBRT 3.

zxey i - N TR, © MEEERERE, SR JHRRTE MR

word

b b RiERSHIAE (BES #RfE) 2 v P AL s8R
HiRE (iPS MifE) 72 & D “ZeelEusfifE” 1%, 2o
BIEVEHEED 21, WEETAFERREIETH >
1B REE T 3 LD TESREMERB S
EDMFEE R, FEZOEROBCEEED 2
2, OBl OZEA S kL
WSz 9 4us, HifE - I TEER L EoREMR
& LTHEEERERE - difgsRicflAcz 2z K
B OoRELCHBT 2 Z LR E 2 % L HIF
INTVE, TTI2011F1LRIZT XY AT,
N ESHIREEMLL 2EEROBEEEICET
LIERFIE LT, HADIRE GFEEERE) 0
BB &N, 20117 BICRELL 7XAVAT, 8
[EEEIREZ BN E Lzt b ES M T &S D
BEPHBIN TS,

F7z, 2007 Fiwih o ic ko T FEWOE b
PSRRI N 2 & B EEIZ, M) 7o
77 v TR NARNCESF - flETE 2 BRE
kL, $RMREEM, FRELEEEEY, s

1460 | E¥D&HdH Vol 239 No. 14 2011.12. 31

EHE, PREAELR Y, bolisf ) R—a
vERHEEL, BEREE - ImaETAL LI
THEHREESPERNACEbD TERLLTY
3, COhPCERLICEELEI NG YA
YEHCHY, ki, EERCEbBEICE
T PSIMEZ AT L CESL L 72 Ml e 3E
fax IG5 e D B3 & ok L CERRISA T 2
CEHBIBIND LIEIATVL S,

TDXA i, —ERICRERIMEEINTVE
o - B (Z BE BRI BN T 44 ) D BEFE I,
SRR BE T 24 / R—v a VOB L
SBT3 Y A7 O, St
BN T S O BV - BAMRERD -0 DE
BN ATSH B, AETIE, Lot
THGEEr > BEEATLE FOBELELL
T, & ICEBESHEDBIR & Bl O T
BATrZLICT 5,



o SHEMEHEIDEEE

“YERREEME (tumorigenicity)” & 1%, BIICIE
ENHEEREET 5 Z LI X DEEXIE
BUHOEERERT 288h% v 9. & ESHliE
Kot b iPS MlEtk 2B L A BiciE, E0Llb
WTEARR A O REtEE i D EE 2 R > T 5 2
RHERT 2 NENH 508, 7O, MO ERE
OIEFILEYE, SEALEYICHEZBEL TH
YR TDF 7 + —= (teratoma ; FTZHE) DL
RERL, BHEL-MESA - P - AREROX
¥ XFhMpEBc T2 2L 2RT I EICED
<hENTws((HA4 FXE 1L &H). %0,
b+ &heiEEi I EEEE R TROREL L T
RIEELTEY, ZOMPE MR (AR
LidkECERS, Lo, b SREER
JazEMELE L7 ESES - BEESICE WL TE,
kLRI ORA - BEIC X b EFTEESEE L
B - BLrEEI N3 REND D, &L
S OYEIEEIEO I & EENEELRFELE RS,

éﬁﬁ%ﬂﬁ%ﬁ@@ﬂ%m RS
“@n” EEFED

BiE, MiEoEEE AR BT 2 BRI LS
4 FF4vE LTHE—FET 2 D1F, HARER
B (WHO) 0438 R e (IR B R85 47 XKW
£ (1998) (Technical Report Series No. 878, TRS
878)1cH % Annex I THEYIERBLER D in vitro
B L LcoBmaoER0EETh 5. H
KREESRFFNERSRICH LA F 74
v TEYESER (N4 AT 7 7 uP—bAERR/E
RER Bk E ) ShE MR EM o Bk, FHE
B X OREEAT) (ICH Q5D, EHEE 8735, F
RIZETHIABE)?Y, ZOH4 F74 vIiciRik

' @ 73— (FHZE)

LEEMEEHRRN B L TERT S, A - - 5%
FEQT F ST CMBESRRFICES U, B
REEWICETE UTHIRICEUSD, FOEHMICE
UBTEBEHD.

SNTTERZER LT3, WHO TRS 878 12 ®
LEEGERROARE, EbdTREEICVE
T2 —F2 2% D8 10 Ikic 107#OMAE
85 LC3EB ARV L I2EREET 5. BN
B L LTI Hela %A B2 HG S 605 60T
HoY, ERLATNEZRS2V0E, 2 0#EH
e BITH 5.
WHQﬂ%S%®§E%%ﬁ%@L%%&&
BHLETTIFVREAENALY, b AHE
IZ in vivo E 7213 ex vivo Tﬁ%éh%i%%c‘é%
BET BRI in viro B E LTHVWSE N Z E b
¥ 7= 13 B B SR O B BT AR AR M R kR (R FE(L 4R
Bychs, -, SEEEREOHNEZ, Y%
SHEMEEM E RS 7 (T4 P Xxe2,
Z2) OEEFEEORE £ 72136 2 IEHEICEE
T2ZEThs. EEEEOBEDOKRIELRENL,
itﬁ%@ﬁmVWMﬁéU%%é,mwﬁﬁv
fAShOBRENSBI-EVIBEERE. OF
D,%ﬂ@%miiﬂwﬁ4wxm% EEEE
WESPA L RICK ZEETER - REUETE
Hhn Y, BERRVTRICE X, AV 7 0R
FHELFOBENREL I EERET 200G
SEE LT, ey OEESEE MR ERER
OUEDLLTEHEL, REEHIEATSIL
BHELINEDITTH S,
EMEROENEITIER, -éx‘w)%ﬁlﬂ@%ﬁ@
EANYF VTV RT L, ThbbvRT—kI)L

@ BN

EMRSOHBTTNS "LV SIF, B
RESLST BIOOMEESEICSTERDOT VT
DT EBET. SEEOMIMFOBEZE RS U TRD
Wz IcBOY, TNOSERET DR (ATCC, =i
BRC, ESHMmM/I\YY, B8/\VoBE)EIETHDT
[FEVEITER. AADHIaE —EDBERF T CR
ERROAI R THE BB T & ICKNBRLUIZE
I OB RS —ILIN T &N, RAT— 'L
I oD B —EDRE TR U TE SN SIEIRR
BRI L TEE U, EROEESECER
ENB BNV ET—F TR TEVD.

EXOHkpH Vol 239 No. 14 2011.12.31 | 1461




N TBEIET—FX v 7RV 7 ORI BHE
TH 5, WHO TRS 878 Tiz L TibR7: BWIC
AL 7T, EEEEEMEvRAT— v
FE T — %2 TNy 7 ORI E FTE O
Pl Elchlo THBEL L FICERT LI LD
kDo TWw3, U302 o TAHANIE, WHO
TRS 878 I3 BEICHIET 5 & b - 3EWIc Bk
T 5AME, ThbbLHBERRCHIBEICEY
T Mic&E I N3 HifE - M IR IEINRE
Z LTV, £7, WHO TRS 878 I2 &1 % “i&
BHE" i3, BRIICWZIE TBYE TSI
I N MBEERDS, BRSO L O (F 7 13) B
NI TS 2 Z LIc X VB2 T
BEEH, DL THHT, EFZBITBIAZD
BEEEE, Thbb Te McBEI N fEE
H»ER =R T 207, Tk,

(E : EMEcd 5 & b L gERMEAE &I
EAERAERIETH b, pOoBEEREL Y I %
BRL T 2720, Z0EEERETETO WHO
TRS 878 D ANR ER B ESEZ oS, Lk
23T, BEHEE L TOE b SREMEETRak I,
LN 7 O—BORERITO LT, IMER
~NDILEEDHERR &\ ) BRRZ TR {, WHO
TRS 878 DT % & & 512 Bll - - v i M SFAM
DBHBIZ 500 Ly, 72720, 20007 A
2B X #17- WHO TRS 878 Annex I DEIEEY
Tk, BECBIET 22T, BEE2E
P BECBET IR FRL E 72 B kg b X
BN L EN, ZOREMBITICE W TIIARLE %
EFLOMHMMPBELINTED, SBOWEFE
DFFCEEL TELSESH3.)

- WHO TRS8780D#i - MR~

DERH

E b SN TR & & T - A
TEEOY 27 & LTiE TBREGZE MoEs
L 72 B 1c B ok SRS 2 TR T B AT AR
BH5. Thbb, b FHEEREIEESFHY
RFICIOEEEEIRET B k5 BTy —
AEBESL DB, BEMBICEET 2T
bk (GHREE - BRI BT 2 S
L TSRS, ZOBAIE EIER

1462 | EZO&HPH Vol 239 No. 14 2011.12. 31

#” rixvoTd, WHO TRS8781H 3 X 5%
MEFRREMER D 2 LNy 7 (B—EF) 0
fEEME, EEXBIL CERT 2HENH S, Lk
LEREICRENRD & 9 o, EERERBEOL L
74 i3 WHO TRS 878 LD BEEL BV, 22
T, WHO TRS 878 D5k fifE - AN T8G
WKHEATAIENTERVY, L WIEENES
NT 3, ZOHREZEZSHIC, WHO TRS
I8 DHE, Thbt 'Z—FeIAREDEY
W 10ME DM E &S ORILIC O W THEATA
74,

EIEBEDOEA E L TiE, TPDgpk ) b
fEbn s, T “tumor producing dose at the
50% endpoint” DMET, TICEE L 72BRIC 50%
DHERTEEZFRT 2 DICHELRMEED - &
TH3. 7= Z2E, Endo-CA(t FFENEEM
farask), A549(t b livEiilEmsk), Hela(k M7
EEEMEGE), 203(t FRREMERNR) O
X — R ATD TPDfE 1E Z L Z 41 10, 3X
10% 3x10% 3X10°MHREE L btk Y, —F
BB Swvo THHlERIC L > TZ DR
X RECER 2, WHO TRS 878 2B 5
“10MB” DRIZ, 293 MO K I IcX—F<7
2T BV B EIEEE MR (=TPDsfED B\ ) &
Bk eIk D& E, TR E L I0EF
o2 — e RcBWIEEER2HEHT 5
I3 10T EREEE T 20ENS L L) L
IZH 5. 78, Hela MIERE OSSR Z 5
E, 10MARS T T Ty ATEE 2
BT 2133T, KAERAINTWIKRTLHST:
O, BENEE L TFIHATES I LICRS,

b SRS TG & LT SRR
e LMREZ £ MciRE T 584, oL
b OB CIRETE L 2 s T B iEE
FREREAOREMEE FEMETD 1 BOBHEIC
BB ME X0, BHREHAEICH 5
MR LRLREC AV 3 LEATIR I kY
LHHE WIS { OIS HERE L bt Ty
3. iz, ToTv MR - g TERD
BAR T OMIIED 1 754 D 1 2% Hela MHAZIE
¥ 72 1% 293 AL & DSBS MR b o T 5 LR
FEL, BB TPDsfE% EE UL, FHDF—



R 2 CIRE 2 TR S € 3 72 I A BIEE T
2N FN3X108 SXI0VEREOMMESBNEL I
nazticizs, 2%h, WHO TRS 878 icH %
o (0MEERE) T, b AR - R T RS
LTI AN A EESEE R R T E O
gEHESE, Btz i, WHO TRS 878 &:26

 BBREORETE, BRITXRTUBEECRST
LEIBZENDH B,

& EERETEY RO

b Ml - M TSRO TRIEENS
BB R T 200, kD ERER
MEREGS 0BRSS 5. ZDOENRE
L LT3, Rag2-yC double-knockout(DKO)®,
OD/SCID/yC“““(NOG)”, NOD/SCID/IL-
roKO(NSG)¥ 7 & DEEFIER £~ 7 2 %HAs
Fons, chooewAid T MM, BMHs
FUNK MR RELTED, R—FevRAL
 DREREDEIERAT Y A L AT E N MR
DEEENTEC, £ MEMEEIEEICE R
SEEI W E I LA E Wb Tw» MY
LOEEREASTAZNETEILICEK
, b R - R TR RE - BAT S
i EEE R R B B o L OSTRE L

RETTH D, BEERY R 7 FEE D 720 i i3
i - I TR OEEEE O EFRBILDFROB
L, ZOEMECBBRETH L, HERHERICE
FREHEEL LT, RBRRAORHEBR - &
BEOSITFENES, BiE-EBEav bo—
V0B 0, RS, BREEE BE5AE
ZHARG, X —F~7 R EEBHIToNn

& SEIEEILESE in vitro R

MRER O EEEE, &2 ket o
BEEEERHET AR EL TV DDDin
tro RERFDH D, TNTHICER L EHRNRH
. FNSE i vivo BERIEEADETRTICE
OF:. BESNG EDREERELRET 5 2
PHI LT 2RISR S N T3 b
D, BENSHER L MOEBEE L OmEEE

HEEEEY, 2720, BRETIERZOmEL

MELZ LD, BEBERZFHMET 2 L) &
DR OBENEEEL2FTMET 2 L9 BWT
EEINIRELDENZ B,

HEX an =R, BHEEO% R
EIEREFNICHETET 2 0o L TESHIEEME
BREVPEELZVETR =Y A(7 /4 X R)
PREITEWIEER2ED LRBRRT, #idz
TR TEHERICHAL, BRBIEKRAFN e
WEmET 2R CcH S, 2L, tF ESHIE
RbFiPSHIEE Y 7 BB EIC X 208
ko T7R -V AZRBITREREEZ S D
ZimenTE Y, b - EEEtEE M TE
mOGA, B IRER 2 = - EREELE
AcEhwn, EESE, IBFEETRI—VX
ZHHET 5 L vwbh s ROCK BHERIFETICE
b iPS MifiE% oH, WRERPICIEE L REBESDH
58, Fhchban—ERIEREO Lok
(RAERT—7%).

7u—%4 FX MY —FEEHERT-PCR
(QRT-PCR) &, BED~—Ah—EBHE <v—
A —BEFORRZBIZCES LM E 2 138
Bz Ef ol T afBERSR T, 7u—
FA F XY —DGEEMEE oM - BEIRTE S
A, qQRT-PCREZDEVEREVHETHS. &E
ok, RS MMEETIcE b iPSHilEE
WL CHEE LSRR, 79— A X MY—T
1% 01%, qRT-PCR OHAICIX 001 % DEFEHD
EhPSHIEZERICBHETAZENTES L
RS DI LT % (BFaEEET)

RIACMANE % in vitro THRHT 3R E LT,
FrEDEEIE 282 CHEZEEL, ZOKE
20T 25880 H 2. Inoziiadby
THRSHES L OFRFMEOFEE2 BETE
g, BRMRGOEEEEIEH» 2 D EN I LT
WX BH, BIKFABRIOED 2 Loy, #
Eflagk, SEHAL, YAIRPAV T TV,
H B\ in vivo EEFEERRT -2 EIti-
THFTLICHIENERELEZ OGNS,

@ BHHI
b h AR T G % & Er i -
THR NS L EEEERE A F 54 Vi

E2O5Hpa Vol 239 No. 14 2011, 12. 31 | 1463




® 1 BHEEEUEERROES LR

Bl HIEEIE RRiEE R R

In vivo 5%

R HERE~ A
B) - BRA®»H»?3

o R, AE, U TH
BRIE, ) oNE Am

. 3 . -ﬁ‘ 3
2 — o A~OBIE %ﬁf%ﬁﬁggﬁ I T B Ak
BRIEIEE 2R L 220
e HFHIEENZEE
o B R BEfEEEHTEL
BB A 1_@&m '
BRI (SGBRI ~ B A
NOD-SCID =¥ A~D e X—Fey2xkbbmE| AH) - HEBPD»3
BhE BRE o EBLD FEI RN
o Bl % B 24T
DKO/NOG/NSG = 7 A~ » NOD-SCID & b & # '?ﬁgﬁii;fﬁ
B g # o
DBk BEC)MRIEAL | |
In vitro B8k
i
_ CLEIRBR—FTIR |« bt o RTALIIED
\ : = I SFEAL AR ; . A
MRSRELERTOUER | e | TURE o mme BAD B < S
- - (FRALTWTHIE | 23
WD 2l — R)
- : - il — 5 g e < MR ’
7E=yA AR EEHREE | i .m%§%%§;%?% e F DB HTREE
DI
N # ERERE(~1H) - fE | BE0— s — KRl
gRT-PCR R TR o & B2l flow cytome- | BFEJL2RETER

try £ h b “BIRE" 3

 BHERMAEIERTE
o in vivoRER & D FEHARE 3%
(BoMRI~1 A BRRE) | b TFricashsiElE

+¥—3 a3 v (FISH) 5 #7 i - 2 -

) SBIETER .
poERa 0= | am=-m | SR | g BSEHIE BHTE L
R ¢ LEIIX PR | & b ES/iPSHERE I3 B
Ihb HRE B i (4 M 4
JE3E)
‘o REED

BRI S A T AR O R (R 1

: e . . P )
e i ; A Yo B > »
i o | ORE | e bFDicEE NG A
— ’ I IERIR & R T &

B in situ N4 T U A | BEHEBGFO .

WEDE I AFEEL:, WHO TRS 878 Di&EfE
EWABIEINR - BRELR 5729, Mg - ik
MIEROEEEETMIcZOEFEATALIL
WCEENH B, RREE LT, BEEMERSE
v ZQFAPEZ SN, BEREAEYT A%

1464 | E20DHKFH Vol. 239 No. 14 2011.12. 31

Fi o 7o @ BB o e B VST 0 BEFS & ARUE(LD
BETORECTH 3. SEGEEERRICIIm
vitro DEBFR S & 0, KRBEROES LR EH
SN B 2, BROBRATRT R EAENRT
MBI 5 20 8 9 D CEUSEIR L, BR0E



VELFIZ DWW TR Y A T ORL 3R 2 EHEER
LCBEIcEmTRELELZONS. &8, [
FIOBE TR T E BAENFHEERE, FEMEHe
MR ORE, NREE, VAIRRYAVETT
YR EEHEL CHRILICHMEI NS DTH
7. W REER (R EAEDE ) BER - FHIICO
wTh, £ P TORRERSCMEET 20T
B, BHREBEORNEBREEEL-H)ZATY
27, VA2 eRP AV IPURBLTA Y
24 —bLFavey bORERIT) I EPERT
H5b.

iR ABOYEICH I THER WAL EILL
B AR - BIIsRgE, 8L
B ERR &R EFEMETHRERSD £ v
S—lcEE B LET,

X#k/URL

1) WHO Expert Committee on Biological Standardiza-

tion, 47th Report, 1998 (Technical Report Series
No. 878).(http://whaglibdoc.who.int/trs/WHO_
TRS_878 pdf) o

%) BEEAERZLREETHEREM (EREE
B, FRI12ETR 4B EYERAZTT 7/ 0
O — G ER G/ A YRR E R ERER) BOE A M
FlDHE, FUFREERT 2w T, (attp//
www.pmda.go.jp/ich/q/q5d_00_7_14.pdf)

3) WHO/BS/10.2132 Recommendations for the evalu-
ation of animal cell cultures as substrates for the
manufacture of biological medicinal products and
for the characterization of cell banks, 2010(Pro-
posed replacement of TRS 878, Annex 1).(http://
www.who.int/biologicals/BS2132_CS_Recommen-
dations_CLEAN_19_July_2010.pdf)

4) Lewis, A. M. Jr. et al.: Cancer Lett., 93 : 179-186,
1995.

5) Lewis, A. M. Ir.: Regulatory implications of neoplas-
tic cell substrate tumorigenicity. (http://www.fda.
gov/ohrms/dockets/ac/05/slides/5 -4188S1_2.PPT)

6) Garcia, S. et al.: Immunity, 11 1 163-171, 1999

7) Tto, M. et al.: Blood, 100 : 3175-3182, 2002.

8) Ishikawa, F. et al.: Blood, 106 : 1565-1573, 2005.

9) Machida, K. et al.: J. Toxicol. Sci., 34 : 123-127,
2009.

10) Quintana, E. et al.: Nature, 456 : 593-598, 2008.
11) Ohgushi, M. et al.: Cell Stem Cell, T 225-239, 2010.

Ex0%wd Vol 239 No. 14 2011, 12. 31 | 1465




Arteriosclerosis,
Thrombosis, and
Vascular Biology

JOURNAL OF THE AMERICAN HEART ASSOCIATION Learn and Livesu

American Heart
Associatione

Cilostazol Suppresses Angiotensin II-Induced Vasoconstriction via Protein
Kinase A —Mediated Phosphorylation of the Transient Receptor Potential
Canonical 6 Channel
Kinue Nishioka, Motohiro Nishida, Marina Ariyoshi, Zhong Jian, Shota Saiki,
Mayumi Hirano, Michio Nakaya, Yoji Sato, Satomi Kita, Takahiro Iwamoto, Katsuya
Hirano, Ryuji Inoue and Hitoshi Kurose

Arterioscler Thromb Vasc Biol 2011, 31:2278-2286: originally published online July
28,2011
doi: 10.1161/ATVBAHA.110.221010

Arteriosclerosis, Thrombosis, and Vascular Biology is published by the American Heart Association.
7272 Greenville Avenue, Dallas, TX 72514
Copyright © 2011 American Heart Association. All rights reserved. Print ISSN: 1079-5642. Online
ISSN: 1524-4636

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://atvb.ahajournals.org/content/31/10/2278

Data Supplement (unedited) at:
http://atvb.ahajournals.org/content/suppl/2011/07/28/ATVBAHA.110.221010.DC1.html

Subscriptions: Information about subscribing to Arteriosclerosis, Thrombosis, and Vascular
Biology is online at
http://atvb.ahajournals.org//subscriptions/

Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, a division of Wolters
Kluwer Health, 351 West Camden Street, Baltimore, MD 21202-2436. Phone: 410-528-4050. Fax:
410-528-8550. E-mail:

Jjournalpermissions@Iww.com

Reprints: Information about reprints can be found online at
http://www.lww.com/reprints

Downloaded from http://atvb.ahajournals.org/ by YOJI SATO on March 18, 2012



Cilostazol Suppresses Angiotensin II-Induced
Vasoconstriction via Protein Kinase A-Mediated
Phosphorylation of the Transient Receptor Potential
Canonical 6 Channel

Kinue Nishioka, Motohiro Nishida, Marina Ariyoshi, Zhong Jian, Shota Saiki, Mayumi Hirano,
Michio Nakaya, Yoji Sato, Satomi Kita, Takahiro Iwamoto, Katsuya Hirano,
Ryuji Inoue, Hitoshi Kurose

Objective—The goal of this study was to determine whether inhibition of transient receptor potential canonical (TRPC)
channels underlies attenuation of angiotensin II (Ang II)-induced vasoconstriction by phosphodiesterase (PDE)

3 inhibition.

Methods and Results—Pretreatment of rat thoracic aorta with cilostazol, a selective PDE3 inhibitor, suppressed
vasoconstriction induced by Ang II but not that induced by KCI. The Ang II-induced contraction was largely dependent
on Ca*” influx via receptor-operated cation channels. Cilostazol specifically suppressed diacylglycerol-activated TRPC
channels (TRPC3/TRPC6/TRPC7) through protein kinase A (PKA)-dependent phosphorylation of TRPC channels in
HEK?293 cells. In contrast, we found that phosphorylation of TRPC6 at Thr69 was essential for the suppression of Ang
II-induced Ca®" influx by PDE3 inhibition in rat aortic smooth muscle cells (RAoSMCs). Cilostazol specifically
induced phosphorylation of endogenous TRPC6 at Thr69. The endogenous TRPC6, but not TRPC3, formed a ternary
complex with PDE3 and PKA in RAoSMCs, suggesting the specificity of TRPC6 phosphorylation by PDE3 inhibition.
Furthermore, inhibition of PDE3 suppressed the Ang II-induced contraction of reconstituted ring with RAoSMCs,
which were abolished by the expression of a phosphorylation-deficient mutant of TRPC6.

Conclusion—PKA-mediated phosphorylation of TRPC6 at Thr69 is essential for the vasorelaxant effects of PDE3
inhibition against the vasoconstrictive actions of Ang II. (Arterioscler Thromb Vasc Biol. 2011;31:2278-2286.)

Key Words: angiotensin II m diacyliglycerol m phosphodiesterase m phosphorylation
B transient receptor potential canonical

Peripheral vascular tone is controlled mainly by agonist
stimulation via the sympathetic nerve system, the renin-
angiotensin-aldosterone system, and inherent myogenic
contraction.! Increase in intracellular Ca®* concentration
([Ca**]) in response to neurotransmitters and hormones
triggers contraction of vascular smooth muscle cells
(VSMCs).2 Stimulation of G, protein-coupled receptor acti-
vates phospholipase C and induces production of 2 second
messengers, inositol-1,4,5-trisphosphate (IP5) and diacylglyc-
erol (DAG).? IP; mobilizes Ca’* release from the internal
Ca®* stores through stimulation of IP; receptors, leading to a
transient increase in [Ca®*];. Depletion of Ca’" stores by
IP,-mediated Ca®' release then induces subsequent Ca®'
entry through activation of store-operated Ca>* channels.* A
variety of evidence has implied the important roles of

store-operated Ca* channels in vascular tone regulation.5 In
contrast, DAG is primarily thought to activate protein kinase
C, but it also plays a more direct role in activating Ca*"
entry,® and recent reports have implied that DAG-mediated
Ca®" influx also participates in vascular tone regulation.”®
However, it is unclear which pathway is involved in agonist-
induced contraction of aortic VSMCs.

Cilostazol, a selective phosphodiesterase (PDE) 3 inhibi-
tor, is clinically used as an antiplatelet drug and is also
applicable to patients with intermittent claudication and
arteriosclerosis obliteration.!°-2 Cilostazol has been shown
to induce vascular relaxation through a protein kinase A
(PKA)-dependent decrease in [Ca®'], of VSMCs.!314 Sev-
eral PKA target proteins responsible for suppression of
agonist-induced vascular contraction have been reported.!-18
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For example, PKA phosphorylates myosin light chain kinase
(MLCK), which leads to decrease in myosin light chain
phosphorylation levels.!> PKA also phosphorylates G
protein-coupled receptor kinase 2 and regulator of G protein
signaling proteins, enhancing the inactivation of Ga,-
mediated signaling in VSMCs and resulting in suppression of
agonist-induced vasoconstriction.!®'8 Thus, the phosphory-
lation of these targets can explain the mechanism of PKA-
dependent vasodilation. However, it is still unclear why
cilostazol induces a decrease in [Ca”]i of VSMCs through
PKA activation.

The transient receptor potential channel was originally
identified in a Drosophila visual transduction mutation, trp,
in which the receptor potential is transient on light percep-
tion.!? The canonical subfamily transient receptor potential
canonical (TRPC) channels are thought as putative candidates
for receptor-operated cation channels (ROCCs).2° Among the
7 members of vertebrate TRPCs (TRPC1 to TRPC7), TRPC2,
TRPC3, TRPC6, and TRPC7 have been reported to be
activated by DAG.?!22 Sustained cation influx induced by
activation of DAG-activated TRPC channels leads to mem-
brane depolarization, resulting in increase of [Ca®*];
through activation of voltage-dependent L-type Ca®*
channels (VDCCs).?223 In addition, DAG-activated TRPC
channels associate with the Na*/Ca** exchanger, and TRPC-
mediated Na™ influx results in a shift of Na*/Ca®>* exchanger
operation to the reverse mode (ie, Ca®" influx).2+25 The
resultant Ca’' influx mediated by DAG-activated cation
influx through TRPC channels are required for muscle
contraction’® and gene expression.23:2

The activity of DAG-activated TRPC channels is nega-
tively regulated by their phosphorylation.2’-3% Protein kinase
C has been implicated in the suppression of TRPC3 channel
activity via phosphorylation of human TRPC3 at Ser712, and
protein kinase G (PKG)-dependent phosphorylation has been
shown to suppress store-operated Ca* entry in TRPC3-
expressing HEK293 cells through phosphorylation of human
TRPC3 at Thr11 and Ser263.27-2° In addition, PKG-dependent
phosphorylation of rodent TRPC6 at Thr69 has been shown to
mediate nitric oxide-dependent reduction of TRPC6 channel
activity in VSMCs.3® As the inhibition of TRPC6 reduces
agonist-induced membrane depolarization in VSMCs, the nitric
oxide-mediated inhibition of TRPC6 channels may be partially
involved in the mechanism of endothelium-dependent vasodila-
tion. Activation of PKA by stimulation of the (3, adrenergic
receptor or inhibition of PDE3 is known to induce endothelium-
independent vascular relaxation. However, it is unknown
whether activation of PKA suppresses vasoconstriction through
inhibition of TRPC channels.

In this study, we demonstrated that PKA-mediated phos-
phorylation of TRPC6 channels at Thr69 underlies suppres-
sion of agonist-induced contraction of aortic VSMCs by
PDE3 inhibition. We further demonstrated the molecular
mechanism underlying selective phosphorylation of TRPC6
at Thr69 by PDE3 inhibition in rat aortic smooth muscle cells
(RA0SMCs).

Methods

The supplemental materials (available online at http:/atvb.ahajournals.org)
provide expanded descriptions.

Vasodilation by TRPC Phosphorylation 2279

Isometric Force Measurements

Rats were anesthetized with sodium pentobarbital (50 mg/kg IP), and
the descending thoracic aorta was carefully isolated and cut into
3-mm-long rings. The rings were stretched to a resting tension of
1.5g. We confirmed that pretreatment with PDE3 inhibitors did not
affect the resting tension.

Measurement of [Ca®>*]; and Rho Activity,
Electrophysiology, Immunoprecipitation, and
Western Blot Analyses

Measurement of [Ca®"]; and Rho activity, patch clamp recording of
HEK293 cells, immunoprecipitation of green fluorescent protein
(GFP)-fused proteins, and Western blot analyses were performed as
described previously.30-3132

Production of a Reconstituted Ring and

Measurement of Tension

Production of a reconstituted ring and measurement of tension were
performed as described previously.?* The cultured primary
RA0SMCs were collected with trypsinization and transfected with
pClIneo vector encoding wild-type TRPC6 or TRPC6-Thr69Ala
mutant and pEGFP-N1 using electroporation (1400 V, 10 msX3,
Digital-Bio). Cell suspensions were mixed with the culture medium
(5% 10° cells/mL) containing 0.6 mg/mL type I collagen (Cellmatrix
Type I-P). The mixture (100 uL, 0.5X10° cells) was placed around
a silicone column (¢=2 mm), which was attached on the center of
the silicone disc (¢p=8 mm). After the collagen gel became solid, the
culture medium was added and cultured for 24 to 48 hours. The ring
preparation thus obtained was used for measurements of isometric
tension development. The transfection efficiency of electroporation
was 70£5%, determined by counting GFP-positive RAoSMCs.
Tension recordings are described in the supplemental materials.

Statistical Analysis
The results are shown as mean=SEM. All experiments were re-
peated at least 3 times. Statistical comparisons were made with the
2-tailed Student ¢ test or analysis of variance followed by the
Student-Newman-Keuls procedure, with significance imparted at
probability values <0.05.

Results

Suppression of Agonist-Induced Vasoconstriction
by PDE3 Inhibition

Treatment of rat thoracic aorta with G, protein-coupled
receptor agonists (angiotensin II [Ang II], phenylephrine, and
U46619) increased the tension of aortic rings, which was
significantly suppressed by pretreatment with cilostazol in a
concentration-dependent manner (Figure 1A to 1C). Cilosta-
zol suppressed vasoconstriction induced by Ang II more
selectively than phenylephrine and U46619. Cilostazol did
not suppress KCl-induced contraction (Figure 1D), indicating
that cilostazol does not inhibit voltage-dependent Ca®* chan-
nels. In addition, the Ang II-induced contraction was mark-
edly reduced by the removal of extracellular Ca®*, and the
effects of cilostazol were abolished in extracellular Ca**-free
solution (Figure 1E and 1F). Cilostazol-induced suppression
of Ang II contraction in Ca®"-containing solution was not
affected by the removal of endothelium (Figure 1G). Milri-
none, another PDE3-selective inhibitor, also suppressed Ang
II-induced contraction (Supplemental Figure I). These results
suggest that PDE3 inhibition suppresses agonist-induced
Ca®* influx in aortic smooth muscle cells. The Ang II-
induced contraction was completely suppressed by CV11974,
an Ang II type 1 receptor antagonist (Figure 1H). Further-
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Figure 1. Inhibition of phosphodiesterase (PDE) 3 suppresses agonist-induced vascular contraction in rat thoracic aorta. A to D,
Concentration-dependent inhibition of agonist-induced vasoconstriction by cilostazol (CLZ). Vascular contraction was induced by 100
nmol/L angiotensin Il (Ang 1) (A), 1 wmol/L phenylephrine (B), 100 nmol/L U46619 (C), and 40 mmol/L KCI (D). Aorta was pretreated
with CLZ for 30 minutes before agonist stimulation. E, Requirement of extracellular Ca®* in Ang ll-induced vasoconstriction. F, Effects
of CLZ on Ang Il-induced contraction in the absence of extracellular Ca®*. G, Suppression of Ang ll-induced contraction by CLZ treat-
ment in endothelium (En)-denuded aorta. H, Ang ll-induced contraction in the aortas pretreated with SK&F96365 (SK&F; 7 umol/L),
nitrendipine (Nit; 3 umol/L), and KB-R7943 (KB-R; 5 umol/L) with or without CLZ (5 umol/L) for 30 minutes before Ang Il stimulation.

**P<0.01 vs control (white column). n.s. indicates not significant.

more, the suppression of Ang II-induced contraction by
cilostazol was abolished by inhibitors of ROCCs
(SK&F96365) and VDCCs (nitrendipine) but not by an
Na*/Ca®* exchanger (KB-R7943). As activation of ROCCs
reportedly induces membrane depolarization,?** these re-
sults suggest that PDE3 inhibition suppresses agonist-induced
Ca?" influx through VDCCs by inhibiting ROCCs.

Cilostazol Inhibits DAG-Activated TRPC Channels
TRPC channels are believed to be a molecular candidate of
ROCCs.2° Among 7 TRPC homologues, TRPC3, TRPC6,
and TRPC7 proteins (TRPC3/6/7) are expressed in aorta and
function as a DAG-activated cation channels in VSMCs.3?
Cilostazol did not affect ATP-induced Ca** release from the
intracellular Ca2" store but significantly suppressed Ca**
influx—mediated increases in [Ca®*]; in TRPC3-, TRPC6-, or
TRPC7-expressing HEK293 cells (Figure 2). The ICs, values
of inhibition by cilostazol were 0.75%0.06 umol/L (for
TRPC3), 0.73%0.24 pmol/L (for TRPC6), and 0.71=0.04 pmol/L
(for TRPC7). Cilostazol also suppressed Ca*" influx-medi-
ated increases in [Ca®']; induced by 1-oleoyl-2-acetyl-sn-
glycerol (OAG) in TRPC3-, TRPC6-, or TRPC7-expressing
cells, with ICs, values being 0.61%=0.19, 0.68%0.18, and
0.69*0.22 pumol/L, respectively (Supplemental Figure II).
However, ATP-induced Ca®" influx through TRPC5 chan-
nels, which is believed to be insensitive to DAG, and
store-operated Ca®* influx induced by ionomycin were not
suppressed by cilostazol (Supplemental Figure III). These

results suggest that inhibition of PDE3 specifically sup-
presses agonist-induced Ca®" influx through DAG-activated
TRPC channels.

Involvement of Phosphorylation of TRPC6 at
Thr69 in Suppression of TRPC6 Channel Activity
by PDE3 Inhibition

As more than 15 minutes of pretreatment with cilostazol was
required for the significant suppression of TRPC6-mediated
Ca®" influx induced by ATP or OAG (Supplemental Figure
IV), cilostazol may not directly inhibit TRPC6 channel
activity. In addition, localization of GFP-fused TRPC3
(TRPC3-GFP) and TRPC6 (TRPC6-GFP) proteins on the
plasma membrane were not affected by cilostazol treatment
(Supplemental Figure V). These results suggest that PDE3
inhibition did not change the membrane localization of TRPC
proteins. Takahashi et al has reported that PKG-dependent
phosphorylation of TRPC6 at Thr69 suppresses TRPC6
channel activity.’® As PKA and PKG recognize a similar
substrate sequence,?® we next examined the involvement of
TRPC6 phosphorylation at Thr69 in suppression of TRPC6
channel activity by PDE3 inhibition. The Ca®" influx—
mediated [Ca®*]; increase induced by OAG was suppressed
by cilostazol pretreatment in wild-type TRPC6 (TRPC6-wt)-
expressing cells, whereas the suppression of OAG-mediated
Ca’* influx by cilostazol was completely abolished in
TRPC6-Thr69Ala-expressing cells (Supplemental Figure VI).
The inhibition of TRPC6-mediated Ca>' influx by cilostazol
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