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Functional Assays and Future Perspectives
in Derivation of Cardiomyocytes from Stem Cells

Shiro Baba
Department of Pediatrics, Graduate School of Medicine, Kyoto University, Kyoto, Japan

Cardiomyocytes are terminal differentiated and thus, once damaged, cannot be substantially replaced by pro-
liferation of surrounding cells. Stem cell therapy, i.e., replacement therapy, has long been viewed as a new and
effective approach for treatment of myocardial infarction and severe heart failure; however, clinical establish-
ment of stem cell therapy has presented significant challenges due to the difficulties in efficient isolation and
transplantation of cardiac-committed stem cells. This review summarizes the history, current overview, and

future perspectives in cardiac stem cell research.
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in vitro THIFIEFENAIRETH A A, Balh 5 10 [AlFE
JEOMEETHZUZ I ZE T . BwllliEZ O X
SaMifa L dEZRE U, ACEREEL Z0(LEE
ZHT M ERIND. SFHMBRICFEEL, EIC
ZOMME 2 IEFZDRMICHMET B EEDNTNS
RPN, SZREON TR WIHEL RS T B 2 AR IO N 5
MfasEh 51550 2 IIEFHIIY (embryonic stem cell
(ES MR, BRUAAETARIRE D 5 iENT & N T IRIPEAGf R
ffia (embryonic germ cell (EG @), #HitEfr=w
AREFITHAAE S B ZREME A JEER MY (multipotent
germline stem cell (mGS #ifid)) 7% EMNFK A< DA
TE ENZHAEEREPRERICHEONSMITH
%Y NS MBIESZREIIRIAR B, e
VAR D ERE R #2250 A B BRI E N2 D
B B T DI R T2 I AR RTEDN K < 1B &
Eh-oTE . mlNEEZRbRE AT % ESH
TR BN T, FEEE, 7 XV I &R EEFBUN
Mg 2 MEE Y, ERN 7O/ e LT
HENGEORRNEZICD o7 2011 FIC/ —N
JVE 7 52 H U Tz Yamanaka 35 KX Ui X EHEEE TH
% Takahashi 51 &> T 2006 4, 2007 FICHFEE N
7z induced pluripotent stem cell GPS #iffd) ZTh o
i g % Milfld & S EREBE D K E < H72 D, Oct3/4,
Sox2, Klf4, cMyc (Yamanaka factor) OiEfx 17 Rk
TFHBUCEAT S Llc K> THRBNS N TOLZHREN:
HHlTH % >0, COIEEIFHROZ  OBFFEHIC
Ko CERAY ZINSD, HFHA iPS Mfaffst—t &
2EEDe— g FIVisEEEE IR T, FEER,
International Society of Stem Cell Reserch DEFE 22>
KBTI, 1HETRESNHEBEOZ < A ES #illd
M5 iPSHIIAICH > TRb o Tz, SEFICBNTIEZ L
DF UNMER LS GEIE T O A G DE D S
N, HL T small molecules DAL Z > /87 A
&> TIERLL, YRREIE FEARNE D DL DGR
P EK DRV iPS M DBHFREMNEA TN S.
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Rt 9 &t T OMBERISHEMENEN S &
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DELTREDZED S . FR & HEOfikeZ 7k
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ST MR ALBO T ERHERA R T
UIRAEBSE L 5%, RO T LD~ A 2 —id
LFZEEIDZDICE L DERNEEIN, HIC
2avuYavuNnNIOR AL Ry 7 AEET (tinman
BIET) DMERINE. O tinman &1X, 4 XD
NS T L 2.0 DRWT Y FONED 5 LHTH
DI 5N, TO tinman BIZTOERICKD Y aY
VauNnNTIZBOVTOMEDRENEL 5HNT &M
HSME-7 Y. < AT B RBRS O# 5T
& Nkx2.5 (Csx) &PHENDIED S A X —i# s T &
DN EE -T2, /v I 7T U RAICBNTIE
NEAEBGE £ 752 % & DDIRITF O LFIBEIN ISR E N .

F 72 Nkx2.5 (Csx) ZEEFEH L TEH LMD RITIC
TE M2 etixl, DiffiflagED~ X2 —Ein
FO—HTH BN HA LRI TH 7 >0,

KXo Tin vitro I BT 2 HMIHED 5 O.LFHHIFE IS
DVTIFES  ZIREM b2 i3 5 IR BGEICE S
TEEGERVIRIDB DDV, 7 A ESHlldic B
T hanging drop 147 W CAEZNIC LTI ME X
B2 eHrRELRD, T 5ICZOHmh 5O E
F{E SR 2P RR I N, ZORBRI IR &
o TeDN, MBI kI LAsih SR ST
Wil I~ — A — 2 U7z iR L TH 5.

MERFAERERICTBNT, 2 EimERMAEOEER] 1,

M~ — 77— %2 FV 7o IR (cell sorting) 1T
KXo T LOMEZHERTE 5. [FEROFRIET
DA AT & % HIlk R IREED VEGF 231k TH
% Flk1 TR T & % n[HEMEAY Nisikawa 51T &K > TH
Hanz V. o Fkl BEIRGOR, mER, P
HIfN g IS & 70 T X % cardiohemangioblast & L
TR EN, X572 0 bR & X -
72 W12 Z %, Kattman 53 FIk1 RGPl 2 5347
MRS % T & THMZOAMEZ LD FRE T H
BT LERHESGHICL, LD DR ESHlEE Wz
WFZEIC BT E FIKL Bl o 7 D3R PRI IS e
T in vitro D.OFHHIFEMEZNZR 2T T& <L, in vivo T
DS L 72 o0l e a IS &S -
7z 129 (Fig.2). Z D%, OFEHIZ LS 2 M
~—71—& LT Brachyury, NCAM, CXCR4, Irx4 7% £
MG TN, WINEOIEE GO
B —H—Tld7% <, B~ — A —DHTIEDFH
faz bz L& 90% L FOMRTHEMICHIET S
T LEWEETH T M. FHT e b ES Mg ERIC
BOTEFREOMBRER~—h—ZHHL T <Y
A ES MIFESERIC FEX, DR HE AT b2 8 s M 1 A
<, HHRAFIRIED S LA b T 2RI BT %



399

A~ % %
me_ N’E_!
|z z
-91 —2?
D'o'wo 10! ot 00 10! :é: 10°  10%
>
B No. of Beating Colonies
1200 per 12,000 cells
1000
800
OFk1(-)
600 WFIK1(+)
400
200
0 il 'l
5 6 8 9 10 (Day)

Fig. 2 Differentiation potential of day 4-FIk1* and Flk1~ cells sorted from mouse embryonic stem (ES) cells
(A) On day 4 of ES cell cultures positive for Gact4 (GFP*), FIk1* and Flk1~ cells were sorted by flow cytometry using
an APC-conjugated AVAS12 (Flk1) antibody. (B) The frequency of contractile colonies generated from Flk1* cells was
higher than generated from Flk1™ cells. Black bars and open bars indicate the number of beating colonies.
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% C ETHMR IR M2 e SR TS Y T b
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73 E N BMP-2/4, FGF-2, Wnt signal 7% & DEH
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(Csx) DFEHIZFHET S, & 51T Crescent, DKK1 A
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Fig. 3 A representative diagram of cardiac differentiation and purification method

Cells depicted in orange are immature cells derived from stem cells. Cells depicted in red are cardiomyocytes. Cells

depicted in yellow are non-cardiomyocytes.

SEIC L TEMCWHME S 5 5EEDEE Nz,

2011 4£IC Kattman, Keller 54%, & b ESHifd, &
iPS #lifla 7 553k U 7z Flk1 Bk PDGFRasZ AR A
i3t L C Activin/Nodal, BMP > 27 )L O #fil 75 i
BiT9 T & THRR OIS TRE T H %
TS L, HIlNS 7 F V2R 50000 b
HEOSERF x5 72 . L LS OJ5ikiE ES fifas»
5 IR ERET 2 Te b DAz 587 i kg 2 X
2B AT TRITH T '2EZNURDDEME RIS E T
ETHole. TOTAT 72 b iPS MldD —Reks
FRITIGH L2 DD, Zang, Kamp 51K > T 2012
FICHFE E NI/ (Sandwich method) TH
%20, “RyeHi#E Lz b b iPS MIEIC Matrigel % %
H721%IC Activin A, bFGF ZJHICINAZ % T & T 98%
PLEDOE LR RICK I LTz, & 512 Kamp 513
CDJjEEFEZY, Wnt Inhibitor TdH % GSK3 &
i/l L Wnt/B-catenin > 7 F )bz 2> ba—)L§ %
TET, “XeEHERCBOVTEHINIZHET
monolayer O — MR LD ATRETH 2 T &
R L7z 2 (Fig. 3). Keller % Kamp 525¥E L7z
NS LM METEIREAENTH D, FADHE
BEICBVTE 80% I DLI T ERENME SN,

Z D% < H MLC2v Bt OfifilETH % (Fig. 4A).

MRE R, MAERRIC X o TlO bRl 7 b3 2R hd i
IRIARWGEEDH O, ZDJFEFIC DN TIFWE ZAHH
TH5. DIFEEIRICOWTIEEHIED 5.0
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THMEDOREERETDH D, Ll 5 KO mHliED
DIz 15 % 728, Keller 51 & > T SIRPA %,
Yamashita 51C & > T VCAM-1 ZF|H U cell sorting
B AWML OWME D B B 2. F IO miH
Faaiy 7 )b a— AR 720 Tl S S 2175 T ki
{¥H U7z Fukuda I K> TH/NVa—R 7 — - A
aAEE oo oiililEREA g S N, Bk
FEREE TS 2 (Fig. 3).

2) (DERBRRERHERI LN S DIOER ML

AR IS S AR A & PRI N 2 I 50 1 DY A E
U, HHfkFEEANE C > 72 Z OFHRR S a Y ME L
PR OBREMFEITS T b Tz, filx
I I RR D DL DI D Eus iz & LT o Rl
L, BEMICIZITOY A RICRS. BRHICHNT
& Pax3 BaTE MRS AR AR SR I S5 oMb L, EA%
RO TDNS 2. hO T B
T, DIEBEHEOAHICOWTARHTSH D, O
FE 2 TMMERBRLTVWAEDEEZ BN TV,
FEDREERIXITIZ eI R L U, BERERIEDS R
S5R7E. TOX S IEMEEOH, JOFIFEEES OO
MEBRT 2 L, 4%BREO.OHMIET Ki-67 B
i % 2% % Z & HY 2001 4EIC Beltrami, Anversa 5 IC
X o THE S HUD ARSI DA E DT HEMEDVAT S
hactein-k® AIV—Th55y FEHL
72 FEBR ORI HERR I ATFAE S 5 T LAY,
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Fig. 4 Immunostaining of cardiomyocytes differentiated from human induced pluripotent stem cells

(A) Green cells are ventricular myosin light chain (MLC) 2 (MLC2v)-positive ventricular cells. Yellow cells are MLC2v-
and MLC2a-positive atrial or undifferentiated cardiomyocytes. (B) Cardiac troponin T-positive cardiomyocytes express-
ing connexin 43-positive gap junctions observed as red puncta. Nuclei are counterstained with Hoechst 33342 (blue).
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2003 fEICEERIICHID TR E Mz V. < OFHRkER
ML Lin B2 c-kit Btk COIEPICTEE S 2 I 7y
RO D M E L, W OM
LEWN/CLEZAL, RAT Y FDLENRLRE
DOHHBEICZ L FEN TV, TSI in
vitro THINMT O /b %7210 T <, DI
KERR R ) CH % i, MENKICEMbdT % &b
ARETH > Tz, Fizin vivo TOEBRTIE, DOIHMEE
ETFICZ ORI ZBMT 5 & T, MZEENTHR
OB L, DESREDUEE L RD . TORER
ZZd LI 2011 4R, DDTIESEERE IS LT H D ER
AN E EN S c-kit MO IR O & B R
A4 Phasel trial (SCIPIO trial) & U T « R
mENLT., R, MRS L — T BV TS
MICHEZEY o XD & ODERED SRGEN RS BNz
m, TV MY —ENBEBND R SBOBINHE
R, FAROZROBRGERIGFIND LA THS.
c-kit P PERIIALIAL T, TIsl-1 B PERIAE & O i H sk e
HIBORTREMENRKENEEHN TS, Evans 5I1E<
7 ADFERITIBUNT Isl-1 B PERI LAY HH ST BT K
XL B2 TEL, L1 ERTT ATEHLD
IS DRI EAME R LTz s L 2.
Z®D1%, Barbash 5, b MTBWT Isl-1 RO
BHEADDEMICZ S FET S 2R LEY. £
7z FIk1 2 AR EHIE (b M2V TIE KDR
HID 1DV T EOFERNEIE E U CoMEH R
5n% . Zh5Isl-1% Flkl (KDR) 7% £ 13 c-kit
WCINA, S OO EEOKISHIC BN TH
Nix<x—h—t7%5 T MR ENS.

3) ERRUNAD S DOEME

Yamanaka 5 DA% U7z iPS M /ES & FkED 7 1
77 C, leda, Srivastava 513 GATA-4, MEF2c, Tbx5
72 7 2D AR ELERI IS A UOFIAIE (induced
cardiomyocytes) Z{FH9 % T LIClII L. T
OFEROMEIHNZR R, 5 F Tldsilazfx g
IR EBINABE & B Z BN TV, by
IR Z 8291 GEIE TFEBLD on/off DA T)
2 GES FHEO LRI AEENED S T ENGEIHE
Nz, DIENOHITEOZ < MLFHlae ZEZ 5N Tn
Bh, FZERIEZ D 80% M OIS TFEE T .00
FRHELEACH O, OO 2 EIEHE> T 1 X251k
HEICHGLTWVR EEDNTVS . OBy
{b3t (direct reprogramming i) DRI I Nz &
T, 5 X CHIIBMORHENE 2R TN T E o0t
FEEFDOHERZFITT LT, INHEn 2 liEe
&% Factor A L& 291U, LDENICEEIC
& B DRHESE AL AN L HIRZIC B DN Tk Lok
HECGEIC A 59 2 WREMEDS B DN 2. 24U iPS Al
T BAEARND BIER UL b E 8 2 IR R 2 K
ELNET B AN D . T DFERIZ L, Srivastava
HIZK>TY YU R in vivo B L LTHIE#MMAN, <
T AHNICEB N TENRMENGEN S &, KRHEEFR
Has LD #IC e d % 2 EFEHE he .
2013 F1C 1& Wada, leda, Fukuda H5ic K> Tk F.D
5§15 N DO R HELF A AR IS [ BR O Factor 23 A L,
DRI (cardiomyocyte-like cell) 7 {E#I3
% T &I L, Yamakawa, leda 51C & - T FGE
VEGF W Z DL bRz L5 2 S h
72 3039 R REYOBERERIE I+ D TR D 21k
SIEDHERENDZDTHNX, SEDERIIZHIHAR
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LicneZATH%.

in vitro MO ER MBI DIERERRAT

1) [DERIAEN & YNHETS

S A DRERRIT /AR, DTSN & I
NTH%. BEKRMICE A0 OILTEAR BB H
R HRFHERERETH O, DAL HEEHE
M ENTWA. in vitro DFHLORIIEIC BWLT
X, AT Y 2IVETA XA FICBE D00
B E S SOMmME (FZHghommasy o
B (F73E8) MR R 2 EmER 25 H
LTWe3®, UL, in vitro TOMEOIRITRIE W
bW ZLEHD XS IZEHEROEMND X 5 ik
BTk, BIFMCIEN>TEZLTVS T EHE
U (Fig. 4B). X 7o.OMilast o .ofikddig—/51mT
72  ERCEEDHIERELS & 72> TV B Tzodic, BEK
BT O e A PRI iR S 2 0N [ RBIEIC f
E32560H%. KXo CHIMZOAMIEE 72130
Hfast o B2 LA L O A T 2 bOmhHi
OIEHE R DBEEEMIEREECTH > Tz, EE, A A=Y
VIV AT LOFRIEICKD, DM E 7z 00
BISERNLE Ry McaElL, &Ry bDRENTZTD
HIHAENC X > TREIT 20t % 2 & TERBING
FHMEMNTEB XS Tz. A A=YIIZ T a—
H{SAEEERT OO by o Tk RETH S, T
OFSE, in vitro THAL U7 4HEDO AT B AN O
I —D—DDUHE I DK L L CRIEEI NS T
HY, IR E LT CE 2. TN TH->TEHE
B —ICES U Tz Dfiia 0% £ O TH 2 D
FAISEBROUE 1D, H DA T H 2 DO ED I T
DETAHHE L. Fiz in vitro TYERIL 7200
HE, BEEM OB T 81 X 2 BRI R SR
L TR GBI 02 bz d. X
DICHEEN LI /AT 5 0Ffid 2 2 huc K > TUL
fihy, WA, MBS TR ARV, kY]
Wiz LI K B IRREDZ L2 % 2 DELLH I B0y
THRT 2T LREETHZH, —EDUE M
B O DI ERLNATHED & DRINICEZ S T &N
HELV. TOfEROIZOIC, —EOmMRES 2 A
2D RAR IS5 1L D BT 217 5 I IE 5 A
B ENS 7, —J5 KGR O MRS 2 N T 0
MR MEE 72 RO MIEE 21T 5 7ER Y7, e
ST RER RS C OGRS 5 Ak DRI N
723 BT OIS 0 U TR IR 21T S
EMTEZEEMTORR T, B OMMEESH
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—EERY, Fyrw Iy rvary—h—Tb%
connexin 43 DFEHRIFNE EHITE DL LG Eh
TWVW3®, LA LTokS ROmlagEE L7z
RINI/FRIT 22 L IXTET, ZO0b sy
HOUEDNREN TV S.

2) JEENE(

MBI ORI ML ORI & i & 3875 5 Alld HE)
T 2 TH 5. in vitro DPLRTEHRI N E
KIS BEHAEIT 2 C EMHIBN TS DY, HHHY
H7% HEAEI 2T OFHIRO A TH 5. ZOH
B B SUE AN RS 5 2 AT L& U LTSS
RV HIE L MRS AL E L D BTE E Nz, O
THENFE LIS DWTIE A T AU INER Ci 72 TE DA
NI T3 T & CIEEIEN D HIERTRETH 5. (kG
FE(EE T T TN 7277 T e e - e P
BEARERE N, RSHET, OB, O ONEICTED)
AR RS &%, flEEMIEE M OEHilaT
—80mV TH 5 LIFFHEDEMPHAL TR
N B5H, B 551k Uz Diifiia ok
BEFE NI —60mV~—70mV §i#5 TH 3 T L HZ W
(Fig. 5). THICDWVWTIEFEHDH BN, BZ 5 I&IC
AR B DRI O M EEEBS ORI & b h 5. fH
ISR B &, D) 50k d 28T K
F v FIVDOFBUI M CERFEDBRINCFED 5728, AR
ORI O B MDAt L in b T L iBbns.
INER/T v 1V 2R i % 2 A7 L7 patch-clamp
LTHB. TDJikzRAF LTz Neher & Sakmann 5
(& 1991 4FIC / — VAR « RPPEZRE LIz L
THEHTHSD. HiEL LT AT AEMITCRITOR
Ml 2 s X 8, >V 7 IVF v RIVELERETT O
KDIE LM eko~ 7 oz #E S % Whole
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401
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-401
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Fig. 5 Action potential recorded from human

Em (mV)

induced pluripotent stem cell-derived ven-
tricular cardiomyocytes

Resting membrane potential was between —60 and
-70mV
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cell (patch-) clamp #ENH 5. HERLTIA A > F ¥
FIVOWIZEE, HEK fifdZx & b MEEMIC e Rl
A& > F v FIVBE T REA UEIFRE Y, 20
MR OMATNE FICHI Lz F ¥ 2V R L TIT> T
e, b MRS IR L, BSEENL ETREDL
RIEMMSE S NE K2 ia- Tz, IERFIGEE
THEZH T 2,00 OMIRRR A > F v 3L 7z fig
Mid 5L THEETEALWS BMREREZITS C
EE L F X RIVIRDREL TR o To. T DRYNICHE
HENTBED QT EEIEIEEETH % ¥, QT i
EAERBE R iPS Mlah 50k U720 D Na F v
)V, K (IKr) F v V&% Fig. 6 ISR W, 157
T CE B LNV THS. 7272 LRIESIERTRT % X
51, ESHIRE, iPSHIAEA S .07 b i FAERRE D
HEWICED, BREF v IVBRICENDHD L THS.
Na, Ca F v 3V LG L ERBE R A D & 3819 %

A somvd 20mv

M, K F ¥ 2I)VOFBUS OIS O®RI L E X 5
N, T LB OO K 7 v 3OV ER7Z JE
TZT LM THETHS. FEEKF v RIVOFE
BUMEO OIS LA CRAVOE Tl —40~
—60mV F2) MHEMEENG. TOEKRNDL Lk
M 5 RADTIl 2 (3 % T L WREEETH
%. Fig. 4 1R KIS, SMEBEE OFMIIE BELD
M~ —h —Z 5B LTz & U T EARMNIC B
Thb, HAOUFMIID X S & DEHEODL
iz (E3d BICRIZE > TR, DX O EXE
BSBRDFERIC MG TED E 575 2 WL ET
bH5.

UINERS, Patch-clamp 75 & 075141 HARRL O 15 H)
AP FEIR S T v RV DO ERMDGLE - FITE %
—7, EiliRREeY— IV R T, FhEERR
BRI ETCTH %, TOREZERL 728 DA, MEA

IKr tail current
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Fig. 6 IKr and INa recorded from LQT2 and LQT3 induced pluripotent stem cell (iPS)-derived cardiomyocytes

(A) Upper panel shows a tail IKr current of a control iPS-derived cardiomyocyte (red arrow). Lower panel shows a tail IKr
current of a LQT2 iPS-derived cardiomyocyte (black arrow). (B) Late INa current recorded from LQT3 iPS-derived cardio-
myocytes. (C) Late INa current recorded from LQT3 iPS-derived cardiomyocytes was remarkable compared to that of

control iPS-derived cardiomyocytes. * p<0.01.

© 2016 Japanese Society of Pediatric Cardiology and Cardiac Surgery



404

(Multi-Electrode Array) ¥ A7 LTH% . H&E
A Z A ARG L_E T EB ORI 2 B I hsEd
S, HEEOTHE M S & S EIcE LB S
T & TYTIVEA LISHIBO A OTEE B NGER T &
2EDTHD, MIENEMZIEST S L VS HTEZ
NUEHEER EODOBR ERCTH S, BEEM RO
BAEE SN TV 20, OFHIRA R E I
H L TWBEBO—ICE 2 F> TONUSHHICTEE)
BZEST ST EHEETH S, BrEfMlaizg ck
<, BRDIDAT A AYIF OBEAMRE L AHETH %
TENRETH D, FHIMYIF NORBEEROFNIC
DVTOMENEZHASND. FREEWRRIKY A
TLEMOTED, DT 2 A S 2 7G5
TEERHTHY, SHOMBHHNOFRENAEFI N
%. UL, MEEBEND ., A XDk <,
FABIAIRABL O K Z 221G BN OWE IZ MR VA, B
M OIEBNFEMME I IGEIEN & /A X & DXRIHIE
WICWHETARETHS. REEMRMMGER, K
FlE M RR & T SR AI AR T 5. M I
AR T > TV, IRiLo.DFiiE s X TS
Hil 2 —HOEBROPT—EICTHETE, WEORE
NDELWZEDTF—ITH% 7. HRICBVTIE
MEA ¥ A5 L & & 81, MED64 & AT LHGE X
NTHEL, VINEHIBELTRELEDTHS.

3) Ca bZIIUH

DR OUAEIMIIN Ca S YTy Tay
FE—=ILENTVSDRHHDEETHS. M
5 Na F v )L 7% UTHINIC Na WA T 52 &
TIGEBNEND IS 5. 51k T EAEZME Ca T v
IV S HIIIAIC Ca DA L, Ca DfiiZhiatko v
7D URZBRT v V2L, Nk S HiHE
WICKED Ca Wi d 5. TOMMEN Ca & bR
=V RN DS E LO IR OUREDEE T 5. it
ENTHIIEA Ca 3/l fk D SERCA (sarcoplasmic/
endoplasmic reticulum Ca ATPase) IC &> THUDIA
EFhs L, MM LD Na/Ca 2 HHR Tl A
EN%. TO—HOMIN Ca D L2 EHA BT A
7 L\ Di-4-ANEPPS, Di-8-ANEPPS, Indo-1, Rhod-2
R ED CalEZMHDE T T —REH W Ca A A=Y
VIVATLTHB. TSI AR IS
Uzt zcc L, #UMEEEDZ(LZETL
%. TOWRZZIOBMETELZ, WKL S
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ZOHERF VAT LEZABHNIREETDH D, HIZIE
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% 37°C A VF 2 X—XNT 30 7% £ Di-8-ANEPPS
BIRICIZ L, 7Ta—"ZDHNICEDAEE 57200
T, DfiNCa FS YTy M Uiz Ca DL
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4) AHZAHIVAFLRA

DI RSN LT AE 24 0 R T DA TH
D, MR, NIMBROFELEL, EEOKL DL
EERISEFHICHE LTV LIS 0Hwy. wEo
WETIREEOHMRICY LTIy TaTr L /=)L
IEXT U VAMZITY, OIRIRROMEIEL, (R
B &R TV IO ERER 21T > T& 7 %, C
AT - RRI TR CRIRAERZ2 T LT DA N A
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il TH B Y. KRR O MR S 2 —
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HHOUE(FIARI T 5. JEARMNS B HIIE I i RIS
b U C ORIBEIAZ#E DR T L 37a0DS, D
FlCXd 2 A B L AAE[EE L 75D DNA ML A5
BOBRGEMNEC > 7255, DNz O X £4EFT
2, MRtz T HhDOFRMTbN 5. HERDL
AEMFIC B TEOHMIED 7 R b — WD
HULTH O, FHEERBEODHICENTEOHEEET
VR ARDIHEE T IV 7 ZADDOEIE 7 R k—
A, IR O DBRESGE IS DWW T Z DL
DHEE N7, UL LEDD, DARRLIEAND
a7 R b — 2D AiiaElE, TUNEL %> Annexin V,
cleaved caspase-3 [/l TR 9™ % LB %BLLT, i
XICENE 1% LU TFEEALETHY, DAEEITD
JRAAD 7 R b= ZOBRTIIAANEETH 2. TE
DAREMRICBNTA— T 7 V—PEFEHENTE
fo. A—FT7 7 V=L RFHBRNSRRDO—DTHD,
HIRE NN R DFRELSO W 7z RS S CTEL D PR, 77
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TEA—RT7 7 AV —=LEMER, DARRLFHICBNTT
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T30 L NEC LI, TOBSROAED
RN DZ K DD TRRD ZHKTH % T L HVHIA
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ETWVS. RLZOEBRICEVTE, LC3EHW R
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R OARIRNA — b 7 7 3 — LB O Z W 8
JY ha— VDI L TR NI CRIEET —
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> T P,
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