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Application of Human-Induced Pluripotent Stem Cell-Derived
Cardiomyocytes in Modeling of Arrhythmia
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Abstract Arrhythmia involves a variety of cardiac ion channels. The desirable research model should
be able to characterize various channels that form a whole action potential, and then better reveal the complex
mechanism under arrhythmia. Compared with mature human cardiac electrical activity, there are inevitably great
differences in heterologous expression systems or animal models. The research models established by hiPSC-CMs
(human-induced pluripotent stem cell-derived cardiomyocytes) derived from individuals have almost completely
replicated the characteristics of cardiac electrophysiological activities in vitro, which build up a broad platform for
the study of diseases. This article provides an overview of the arrhythmia models established with hiPSC-CMs,
hoping to offer some references for related work.
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&1 hiPSC-CMsHE R fRER
Table 1 hiPSC-CMs-based disease models

P HEA] T IEIE FA TRIT AN AL
Disease  Gene Ion channel ~ Phenotype Therapeutic strategies Limitation
LQT1 KCNQI Iks Prolonged FPD, APD Phenylboronic acid Differences of Ixs expression
EADs B-blockers Not easily characterized Ixs
Reduced Ixks Iks activators
LQT2 KCNH2 Tke Reduced MDP Re-trafficking of hERG Differences of Ik, expression
Prolonged FPD, APD Activators Immature phenotype
EADs Chaperones
LQT3 SCN5A4 Ina Prolonged APD, InaL Mexiletine Not easily measured EADs
EADs CRISPR/Cas9
BrS SCN5A INa Abnormal Ca** transients ~ Gentamicin Immature phenotype
Reduced dv/dtmax PTCI124 Complex mechanism
Reduced peak Ina
CPVT RyR2 Ica Prolonged Ca” transients  B-blockers Lack of T tube
CASQ2 Ina inhibitors Immature calcium handling
AF SCN5A4 Inan Ik Atrial-liked AP Ina inhibitors Not easily to generate models
KCNAS, Increased beat frequency Ik inhibitors
Etc. Prolonged Irand Ica.

6 RN O JUE LTS B (0 /D B 0 FE 240 O A )
10f5)5), Bl A5 25 DR 2 48 A0 T 40 B B R IR K e, AN
7 % £ ) B T 41 fg(human-induced pluripotent stem
cells, hiPSCs) & A 70 0 1L 95 95 1 5 8 T 5., [if
&, NS 2 DyRe 140540 (10 L 28 g (human-
induced pluripotent stem cell-derived cardiomyocytes,
hiPSC-CMs)# 7. (170 2R 3 A58 3 SR 0 A% 2 R TA A
AU J5y BRM, B AR &5 b B v A 345 7 T AT AS
B RERS AR I M S ) e i S Y . 4 i A SZ O R
g A 2 B HE K QTZE A 1E(long QT syndrome,
LQTS). BrugadaZi& ik (Brugada syndrome, BrS)All
JLZR T e U 22 T2 1 25 1 40 313 33 (catecholamin-
ergic polymorphic ventricular tachycardia, CPVT)%!
(K)o XEGRERIFET; | FRA XS 0o 2R 5 5 A 1) 2
BLEBIIR, B % e 09T g 1) R 4F T B,

1 hiPSC-CMs
1.1 hiPSC-CMs3KiR
20074, HAS LA fdgR F B O ke T H
T3 S BEAE N, B S I FOCT4. SOX2,
KIF41c-MYC(OSKC) 3 A N Bl 27 4 41 i A= i 1 2
H Aok HaFE RE S0 % RET- 40 i, FXAhiPSCs, H HAIE
S 7 hiPSCsHE W 7E A4 41 73 A0 T B3 AN IR J2 B AS R4
A, X — R A PR O T A B U B AL
O IE AR 2 B = VR 2 ) R R gk — 28 AT oK,

HH RS J2 RO U ) T B B 3 4% B 1 R IR T 1K
S, 40N E B A K A2 B F (bone morphogenetic
protein, BMP). 440 AE K K] 1~ (fibroblast growth
factor, FGF)f1 Wntf& 518, H A5 S hiPSCs7H bk
OO = R R R E A S I IE R B 550, A
T I 1R T Wnt {5 538 6 B AT A= R A e A 110 L4
Hi, W38 6% F1B- T2 R 2R 1 2 1 1Y 5k DR 3R 1 O B
T, b R O R A G R R 3 B(glycogen
synthase kinase 33, GSK-3p)it i 4 B- 174 & H i iR b,
A LA 2R AR AR, AF 7T 2R BH, GSK-341 7115
T MIhiPSCs 7 #b A& i T B-1% 3 25 (1. ZHANGZE!
R4 OCT4. SOX2. NANOGH LIN28 {185 2
e T 42 i hiPSCs 2 — IR % 2 43 46 HihiPSC-CMs,
FRAE O LA ThRERFIE . 2 PR 40 i P 1 15
S 4E BhiPSC-CMs, J7 15 324 LR 3Fh: fR Ak 2
b R RE IR AL RS FRM, hiPSC-CMsIH) A= i
K5 A 0 B G R A SRR, ANRE A, b
SR SR R 2 A AT DARS R B () A BROSCR, B AN 7 1
T Wntil B AL EnANgEAE R C, Wl E A%
FR AL P Tmj CRiE A S H3K 9 25 F L AL, S2MihiPSCs
AR 2o A ] 40 R 9058 ) Co JULEH L 2 Ak B33 TR
ANHHIE, H AT JE bR #0770 2 e SRR I AR A
Falidh ik
1.2 hiPSC-CMsIfREIRAE

FLYS 2l 2 O LA PR 1) 2 B R, R RE 6 7= 4 3))
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Atrial-like
Atrial-like: 055 #f; Nodal-like: 45F; Ventricular-like: 10> % F

Atrial-like: atrial-like; Nodal-like: nodal-like; Ventricular-like: ventricular-like.
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Fig.1 Different morphologies of APs recorded from hiPSC-CMs (modified from reference [12])

{F HiL4 (action potential, AP)IE M 5] A ALK 48, iz H
FH RSB T H X hiPSC-CMs Ty A& M 5 A2 %F 0o LA i
AL EE Ty, EEA B MRy, B
TR N5 5%

121 Bha AR NS T EiE
R ARdE”, B AT BLS R E IR IR % AT AP S,
A, 45 % SR B0V (resting membrane potential, RMP).
B K &F 5K HL A7 (maximal diastolic potential, MDP).
APHEIE(AP amplitude, APA) % f kK _E 7t i % (maxi-
mum upstroke velocity, dv/dtn. )35 . N H IR A8 H
AR, 0T B B A B A SRR, A T
T8 (Ina)~ LAES B 708 (Tea ) HE IR A I P T (T
Tis) 5 770 25 18 T8 # UF 52 A7 7E T-hiPSC-CMsH, K
FICK B APARREE, 0 L e ditE. L=
FEAPI(JE 1), 171X AP R iR JLFE, BT LLEE T-APTE
R BRI 73 72 75 IR0 1 T5 4R . Bbah, BARYA R4
B 105 ) 8 8 G Na'-Ca® &2 4R 45 I R K I, &
FAE I 38 & IR 2 H 5 RO LA A7 7 22
{H 2 Fh - 8 1 R IE i R A T HARAR AL 1) A
i

1.2.2 % %R % 7] (multi-electrode array, MEA)  MEA
AMAT LR A 5% 2 AN A0 L s 3, 38 0T DL S B 2
0 1) £ RS 5 A AT I R &, (B e T 3R1S IS
SERAMR. R R, BT AN A
AL M A % E, MEAGE 3% 3 35 s A i RE
(field potential duration, FPD) % Bt T QTI&] #, & 4%
FE— € 7KV _EAREIL S Al I8 K5 3, (5 Joi 0 % 5
TR FE AR A B PN TR B B B AR AL, 3 H i T hiPSC-
CMS AN 2, 200 1) 1) F A S 8 A X T A o
4160 cm/s)H 18 (10~20 cm/s)!', BT LLER 15
FRUMEAMR. B @RS, 201343 & 5
2y i B E R T LR AR A O SR I E

(CiPA)Y’ [t 8, B VOB MEALE Ny —Fiill & T B, 45
A hiPSC-CMsXT 2540 147 I R BT 1Aty S 30 9 iy
5 4 % M0 B3l 3T 3 (torsade de pointes, TdP) & A X
U1 Z IR T 28R 25 K T AN H R A
TP RS AT T 48 2K (3K2).

123 BMRAMBEAR  Ca A5 O NLAHH Y
TS A AR IDEAH G, R 3@ Sk ) O AL A P A
A BB S W L B . 5 DR 4 B 1) 5 i FE R 7
(GEVISELGECIs) R i 1 R & ot s W IE H
SR BRI, #hiPSC-CMs 5 18 4% 4 i i (ArcLight)
52 68 R F(GCaMP5G) 45 4, BEM i 1 £ 5 Bl
Bk Fef 2% 32K 14D 8 7 7R SR EIURT 43 HT  2 PE ( APAT 440 g
P AR RE 70, 5 A G H T Bl A U R AR TR A L,
AR BEREME. 5 0S8 LB 240 i
BEMES A . Ca 4 Fluo-4AMAE 1 HzA12 HzAi R
TABIC SRR T IR S HEhiPSC-CMs_E 5 145 5%
A, H5 G A B AR X L, $ROR R
YRR DR R R AN 2 — . XA
(I & T B AE#R 7 Co L 2R B AL 5 T B — 2 1Y)
W8, 1H 2 2 50 5t Jurht 2 o v e i 48 i
Ca” A XS24k, A REFR AL AL I 4 XS 1E

2 hiPSC-CMsHZH LK FEE
2.1 LQTS

LQTS & —Fhigt /& MO R KW 22 B 1, RRAE
QTR WIIE K | 45Kk 4= TAP R JE % 54 5 (sudden
cardiac death, SCD). HTHl, LQTSH 1514, H
I LQT1~3%4 4y 15 80%, FU & K47 N KCNQ1
KCNH2FI SCN542Y, [ hiPSC-CMs, Z#LQTS
(140 5 73 A5 Y 0 AH 4 i 5T, AR SC R B IR WL
LQT1~3%4,
2.1.1 LQTI

LQT12& i & WIS RHELQTS, 4
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2 CiPATTR TE 28T AR TAP & & XUk
Table 2 TdP risk of 28 compounds assessed by CiPA initiative

o A o JEE RS fIRETE KU
High risk Intermediate risk No or low risk
Azimilide Astemizole Diltiazem
Bepridil Chlorpromazine Loratadine
Dofetilide Cisapride Metoprolol
Ibutilide Clarithromycin Mexiletine
Quinidine Clozapine Nifedipine
Vandetanib Domperidone Nitrendipine
Disopyramide Droperidol Ranolazine
D,1 Sotalol Terfenadine Tamoxifen

Pimozide Verapamil

Risperidone

Ondansetron

1540%~55%2, KCNQ 149 1t 27 15 %€ IR $& i 21 1 18
(Iks) P a7 B, 9% A8 48 53 B 4K il 2% 98¢ /D, QTI) ) 4
£ . WURIYANGHAISFIgE V. | — MERTKCNQI -
A344AsplZE A5 [FJLQT1-hiPSC-CMs i %Y % i) ) 57
H IFIRNABY 2 /8, MEA % #T Wom 78 57 I B IR
ZAEH TFPDE #E K, B0 B T F 5 b i (early
after depolarizations, EADs), EADs & — F J5 & 1) i
B BT, A A2 5 R LQTS B3 B M O
(W TdP)IHTIER . Ak, SLEGIE B 1 L JE 38 B0 77
FEWN IR G R4 %6 T hiPSC-CMs ) 31 Ha A7 s 7 (ac-
tion potential duration, APD). IxfE N0 LA E M1k
il £ HLIR, 78 15 &R O0 R X AP AL LM 4/, AR
FEB-'B EIRERZARRIBAE T, A T ae =4 2 i)
LI, DRI, R AR N O LA it B S R 3 TA A 7Y
W AN ZE B iR I B, 117 ZHANGZE2IEhiPSC-CMs
H RIS R B, T FEL U 70 B0 FL UL LT B [ B0,
X 55 28 T SRR PR A7 (E B8 35 22 5, BT LAhiPSC-CMs
HH R T AT 1E L FELIAL B G AT B8 X oy 22 S A7 A 11 i
fE 153 B ER,

212 LQT2  LQT22&AFRFE WHILQTS, 2
B B H WL ILQTS, /& b 4 A PR T8 4E 18 2 7 £ il
T (Ix,) I KCNH2(hERG) 98 48 5 841, T, /2 ¥4 B 0> L 4H
J AR A ) 2 B R, IR 5 B L, LA A0 B T A
W b. FILQT1— kf, £ MLQT2-hiPSC-CMsi 7Y
B ST ITZHAKIZEPE Je FHLQT2 & 3 1 5 ¢
OT 4 BEYH M 8 57 T S KCNH2-A614V 58 48 [ # AY
APD. FPD5 {i F& X R AU AH L B 6 ZE K, 76 3
T L S PR BRI FIE-4031 5 (B K58 AN B 3%, His K

TEADs; Bt &A1 508 T T RE TR IT 254, 15
FE i 2 b P T AT PR A 8 368 0 77 ke TR 3t R S5
4545 T FPD ) VPR T EADs, R H R 4F 17697 RN,
T 7C AP IR 55 mV 7 47 FIMDP ALK )
AP BT, BT LSS 5 2408 72 15 H A& I RAN B
5 BT 22 ] SE I SE AR U SR

FEH R AR 3 EhERG & H R AR RS, 980 T 4H
N E AL, PR IZhERG ) BE K S 3= 2 ALFFhERG
iz WOEA . FEPURSE P, S H hiPSC-
CMSTE R T B 70 A BUAS i R0, 2 [ Il A 4100 1) 77)
ALLN(N-acetyl-Leu-Leu-norleucinal) A {#f hERG 5
Z AL B A M b, 0T, FR P B A YAk S
JIE & 59 75 [A] F-(cystic fibrosis transmembrane con-
ductance regulator, CFTR)%< A% it fil¢ % 1 2 4 1k, 4
IECFTRIE 8 ¥ iz B g v] DLW e JF A e 38 % s i fe
PP & R $E (lumacaftor, LUM){E i3 T CFTR
il 18 Ff % 32, MEHTAZEPOHIE 52, LUMIA ¥ fg 5 75
hiPSC-CMsH i #hERGH. 12, H. R Dy 3k 47 I IR %
BB, SR, 2 FE 2 hiPSC-CMs ) %0 #E 1 A4 /b 1)
TBIT R, AT IR R AT 2 2 VP A L 2. Ak,
Kv11.138 & (hERGZ 15) 3 1% FIICA-105574 1] ik 12
T I P, (R = R B IICAT] e 7 4 IE & K
()5 AT B QTR $ 7 SIZ B0 31 1 R B 38 e AL 1
ZEFAR B
2.1.3 LQT3  LQT3#KLQTIHILQT2/ W, & Hidw
B RS 428 030 T oIV BE PRI SCNS AR AZ T 8, SCN5A4
RAZANH] T BN TE S E AR A K . MASERY
37 HILQT3-hiPSC-CMsHH 1 55 il 1 5 % SR A% 1) 3
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KR IE, MEE|APDIE K, (HIHF A M ZEADs. i
MALAN S5 37 1 455 84 45 I B EADs ) & A& ZAR
T, RN VA R T 4 T APD, I RAE T
LQT3. £ —Lixf Eb it Fi b, #5717 SenSa-1798insDIF)
AN LA & A2 T EADs, GS967 A% T X ke T
{HAE & SCN5A4-1795insD¥] hiPSC-CMs 1 4 W £ |
A RAFAEDY, IX PR IS R 22 e, AT e T
hiPSC-CMs 4/ #E 11 5 Bt APDAH % 45 i, B AR A g,
B LI (I ) 5 00, TS TEVE I B EADs K A o

X ZAE 4 TR, SCN5SA-AKPQZE 48 2 Ing. 1 H2
(1) 2 Aittl, KRONCKEZ5P7RE FH CRISPR/Cas94% A A i
£ SCN54-R1193Q%E 45 [F]hiPSC-CMs, X ELAKPQZE
X A P IR A R 2 AR THEK 40 il . CHOZH fifd A5
RI—FE, BENE 7 A e, TH R ol IAFAE FF AR — 5 S5
QTIHIMASEK:, $E T ORI 5 & 2 R ML .
TR, BRLQT34h, SCNSAZEAL ik 5 HoAth 0o 2 -
BrS. S5 4EThAERERS . = LMD AL O A R R S
FHEPY X BN 244k T LQT3 4> TR, t1 %
LT 2 R TR T BRAR
2.2 BrS

BrSA2&SCD# L i K 2 —, 0 Fg B RRAIE 2
Fi ) SECSTE B8 4A = =2 mm. 471, HTHH=
&Y W TR, X BrSH TR ARSKT Y IS . dE iRk
iE, 2P0HIINERZE TBrSH KA, JLF20%
L SCNSATE G AH KBS, G W FU i € 1 #7 I BrSHUS
PEFZERIRRAD, FHAERIE LR [FhiPSC-CMsH HEFE
T BrSIRHIE, B SR (Y Na FEL AL DA & 2L 1 41 i
B ZREO B TR, SCNSAZRAS W] DL S 8 £ Rt i
RKH, IEXFRAR R Z Pk SO H B L5
fIE”, “H & 45 A 1E” I A B B DAVISZE R Th 4 7
TMLIANG S AR N BE i £, R 7RI R
BrS[BrS-hiPSC-CMsti B!, 5 {g FE 5 8 AH Lb, P[]
Na' L L 25 B FAP ) dv/dt e R, it 2 35 S039 0, St
SR AE T BB 22 B 1) R Ca? R R, X R T Id SR B
AP, B A THI 43 BT 7 BrS/OLZH e A

SRR IBAE RBIC T VR 2 ISCNSATAL, 1E Fit
AT A, B R HAE R AN R B, X
AR S IR RIEE W&, R80T TR 5,
2NSCNSAZEAF (W156XFIR1638X) 5 35 B 1 412 B &
1k, PR A (1, 207 BrS-hiPSC-CMsH ! R &
R H AL IMDP, {H AN H I AR BRI, PR KB
#. PTCI1247EHEK 29340 g H BB 5 fig i3 3ok B 2% 11 2%

5 B R BRI L, MK E 2K AREUE 5 H R I,
PRGN I A AERPSC-CMs L 22 3], BF 72 75 H 1)
SEIR A XL AW BIAE R AT RE /NI JC ik 7= AR AT
Dy REPERZ I, fEP R T AR B 50T, AT
FH ORG24 Ik A5 R v (1 P AN 75 B2 2590 7E R B
B, A R A B 1) 5T 2 AL R N S R
.
2.3 CPVT

CPVT/ — P I (10 v B T 1 0 A% P o 2
TG, FEH O LA B2 /K2 (ryanodine recep-
tor 2, RyR2)al JJL 5 £E 55 [ 2(calsequestrin 2, CASQ2)
FEAR T B, AR 5] S WL 2K M (sarcoplasmic reticulum,
SRt 2 85 B T3 BN M P Ca? VAR P 18 v, 328 1T 5
Na?"-Ca® A e/ H 8 N ] FRLIAR, 51 R ZE1R )5 Bl 55X
fith 2 PR OV S R 1S4, CPVTEE K A 2% 0 AL i 45
WAL, Z 58T EE R T [RyR2. 3. %
BEER A WU A 55 TE L HERThiPSC-CMs h R IEH
BT R R, HSRAK B FEA R, ifasbCa> i 7] i2SR
I RyR2BE TN Ca> P2 A R, X AN FECa A - F
R BN 2, XN R, A&
N, 1X ] B 5hiPSC-CMsH D THRI A A 97, ]
B, 33X ol G B 28 P 455 O 4 X 4%t 7E — e R T L FHAS
TET AR AR T SRS . IR b, TR HLO R
WY R YEHLE STCPVTH 2L, ACIMOVICEE 115
37 JCPVT1-hiPSC-CMs#é Y % 3L 358 $67% /R 7F o ik
BHIE S 5 B, SRRV &, (HAR H I 2 7%
IRTNA BT 20 B DA, 2 Ca Yt I SO AL,
TEREAT 259 T TS 56 5 A5 20 25 22 T T A L 2%
EE 4Na i 18 $ ] 71 RE A5 1697 CPVT, {EARR AT T &
BEARAERT IECPVT B IIhiPSC-CMs [0V 2K 3,
ABe G A G I AR

T, ZHANGE POSRGE 1453 XUR & RAL
RyR2-A1855DH1 SCN104-Q1362HI) 44 H KL,
X AN Gl T B 78 5 LB =24 A8 7 (CPVT R I
BLE+0A M, %5 T hiPSCsH AR Bt BIE. HT
CPVTRAERH BRI NS =03 #, HE Kk
AT R, H AT P9 12200 A DA R E
YRR, BT CACPVTALAY E 5T ML A 89T IR )
=SV E I
2.4 AF

AFJ2 —Fp DL IR Sy 2 AL TE 7 POs B
R BRSO R, AT H LG ) R AR



1462

FE S G R RORE, LA At i A e ) SRR 2 AR S5
B 4~565 0, RS SRR MBULER . 4
F K 4H 5Bk 73 BT (genome wide association study,
GWAS) K I 1302 /> 5 AFAH ¢ (1 JE P a2, Horbr 4
F5 4 05 JUL B I T8 [ KCNQI . KCNASH 4 i 44 38
1B [ISCNSAFISCNIB%

oK I Bk S 57 ek 14D v A0 PR VS R BRATF ) fl
RIKZ, TR B0 58 S U . 2 2R 40
RS S5 T AFIRAE, R B FE O L
41 i DA B S5 901450 R 1D A 1) 25 749 72 B hiPSCs N AF
A EE HAR. HAT, N A hiPSCsHE 7L AF [ A
A, [BHHAE T —SyP R . K2 HhiPSC-CMs
1 1) T 3R AF O B RE A A0 S I A, 25t 2
Z4IF 52, A0 T R (retinoic acid, RA)H 704 %, H.
HMEPERARE S T 2 Fh 2R AL 2 58 T 40 M A= 50 s
FEAH L 0 £ LEMMESE PRI NAKANISHIS: 1)
WEFEH, RARTHE IC 5 8 8 b &) R IB KT, 2
RO EEAPS L, (HITC 2 N O BRI
S 5 s T 4 4 B 4 LU ARG 2 2 DALY, 5 2 R o
WLZH 23 T2 28 37 A o0 s A2 0o iE 2H 23 (rightatrium-
engineering heart tissue, RA-EHT) KA HIDAL R, #S
B TE S0 5 P St i 5 0 = ) R A R ) 2 2
S, 3R B AR AR A R AR BRI . R, 40
AR RN T AR B S M, RA-EHTX O 5
PR BT JEE 21K B A R AL S A AL A 4
FAJ P B RO {H i W2 DA AL B 2 23 B) S S P . 3D
LAY A [ 40 B IE B ) B 46 =) PR, {6 LR 3 22 SR L
HE LS — DR A FT

BT FEVEAFE J5 15 THLSI, BIFFCAH G EE A
FE AL H 403 38 1) A B0 AR A 0 22, ) F CRISPR/Cas9
R H R DA R R e A5, X T S AF & 24 11,
Uik B KCNASSSFNPITX2, i 3% 4 L 6 1 48 3R %
T I (k) S5 B VE N0 55 R S PR S R T, #04
WESL 5] E 5K ek AF . BENZONIZEST 344 24 254 J
SEE AT AR T T R S 1 AT R T A A4 i A
IR AL R e BhEn A . K WAPD. L%
S EFIMDPAHIAPA, L K8 AR A0 1 A 1] 251 FR
I e S 38, $EoR1M e FT HE S 5 AF KA. hiPSCs
455 CRISPR/Cas9O4 AN T-Aiff 78 52 44 (1) AF K S AL
FREL, YR, HE R R R TE 2 A
AR s R R Gt v & A, X FE A
BE T 4 b L 7 AF

3 HESRE

hiPSCs¥1 /™= 4= A8 4 T % Guifk 50 F B, TR oo 4
TG PRI RN G 2 R — EE K ) A, DA AR
RO NEF R A FU AL T 9K TR

T, hiPSCsH A B4 7E FIR BB AN 245 4 7 25
ST 7R B TR AR, X R R T AR
IREE B M BIF FUAE 78 AN R R A2 R it
FEHRAAEAE — B M RBR, B A 2 R Z sz 10 UL
ST B 25 A0 A B FL A BRI, 9 R T R AR R
pHAA . IR ESE, E 2 RN BRSO
HLE B P~ AR M i B ST AR R AR AN,
BT . BARAIRMP(—20%-60 mV)Hl & 118 iE H
TR RE, AR50 3 Tl A 58 4 R AL S0, 7 |-,
B ARhiPSC-CM stk — 2 B AR AL 7 1 B 0t 98 R AE A
Witk AT, Qnsf s IR a) L o R R SR AR AR BA 2
FL RIS, R Z e I R A T v, DRORTE e
HYFE L F T o R, BRI J R 1L
1) S50 0 — AMEAF B R R . A, SO HEAE N
—ANEEAR, OV R R AE ML R AR, il
A TR — JE DR AR AR 2 B O [RI R B g O A 2R
Y XA 4 A [ 5 1 R 3 AT RESR I HH 58 4
AR ? LA BARRR S — B R T LR
AIE H LTS B 1) S8, (E S S (AT IR ) B R
S a1 (AR ELIBE R, B AL S AR IR # ML, BT DA
NS08 2 S 3]s PRI 2, 4T3 A7 4k B8 70 5 38 20 4
/NI M 7 S RUAN iR 7 1k (R RT3 N R AT

JE ¥ Ak, MIE AR R 5, hiPSCsti AR G
g DLE I RSO R3S, AN RE A8 7E AR RE 15003 K AE L
1) TG A FH, 3 REAE 8 WL I -3 4 2
PR AR BT 45 7 T R 2 Ak
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