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Research progress in stem cell therapy for Parkinson’s disease
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Peking Union Medical College (PUMC) ; NHC Key Laboratory of Human Disease Comparative Medicine ;

Beijing Engineering Research Center for Experimental Animal Models of Human Critical Diseases, Beijing 100021, China)

[ Abstract] Parkinson’ s disease is a degenerative disease of the central nervous system in which dopaminergic
neurons in the substantia nigra gradually degenerate and are lost, leading to damage of the substantia nigra-striatum
pathway. The main clinical treatments for this disease are drugs and surgery, but both only relieve short-term symptoms and
have many side effects. Moreover, neither results in a cure. Stem cells have the capacity for self-renewal and a multi-
directional differentiation potential. Stem cell transplantation can result in nerve regeneration and restoration within the
damaged tissue, bringing hope for a possible treatment for Parkinson’ s disease. This article compares and analyzes the
separation methods, modes of transplantation, efficacy, and advantages and disadvantages of different types of stem cells in
the treatment of Parkinson’ s disease. It also summarizes possible mechanisms by which stem cells could provide a treatment
for Parkinson’ s disease. This article should aid the selection of cell types and methods of transplantation for use in clinical
trials.
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WA 4 #% 94 ( Parkinson’ s disease, PD) f&—Fhf&
E BB S M 2R TR R
W BRI ER I . PD 11 3= B0 BRI Sy i P
PR L R HE A 42 9T ( dopaminergic neuron, DN) #f
T, FEECIRIR £ B (dopamine, DA) & &
=, Wi 512 shFerg ', PD B3 138 shiE
RELFEF IR NAEE EEA R SiE
RE Y WA, — RGNS shEk o] H BLAE iE 3h
BT Z T, A0 45 £ 8 MRS AT | A A D) BE R
i EEANCAC BRSSP 1R B4 AN & R
Bm BEE A B R AL N E, PD B BAEN £
UON: AN T 8 PN RIS Er ey
RUTER A, W, FHRARGTIrERA +
Sy EEE X

HETIERIGIT PD B F 2k WM TR,
2l L3 i 2 R A N SOIR IR Y DA KT R A B
RITIPE S L0 22 e R 24 4 RE A6 1R U b 3
il PD REAR  (H B & I R] 9 HERS | i TR A2 BEME DA
VI JBE ) Bl DA K 22 L Jie RE 245 40 3 I AT A% fefE
TS 24 Wy 32 W 2R 2697 50, TR I 25 77 A 22 Rl A
F A At 2K poe bR iz s a7 AR R
TR YT HBH 0 5 vk 2 TR AR G A L ( deep brain
stimulation, DBS) , 7K [w] figi PN AELA S 410 H3 A 3 3%
Feph 2 A 3 R EORE SC A% A DLk B s
ZhEERT . SRTT DBS FAREIR R : OF ARG 9 AL
e Qi VS A PR, 558 11T PD W39 HL G 9 4 i
(8 T ARBIE B K, Eeas 2 BOUK APEIA
BRSSPI BIRIAYT IR AR ZE MR PD SEAR,
ARERARE AR G N Z K 1 DN, Rt B9 3 ik
P8 5 A0 MRS A Y T kIR YT PD . Al RS AT VA
SR PR RE 19 77 2ORE 40 M # A A e sl i A
BT SR S B E TR st . AR E A
PRI ZE AL T 240 A A 5 PD SRR, k1
MMRERS A G 4040 DN, BETT 3% PD AR
H AT, T PDIRYT I T AN MR IR 20 R [R) 28 R RY
THIMITE IR YT PD Ml R R B IL T 4% H A AL Bk
S, TR RIS R TURN A DL A T 48 iR vA 9T PD
IBFFEAE B

1 FRRATMARFE1E89T PD

G T 4 9 ( embryonic stem cells, ESCs) M-
WIRIG h B R S 2 IR B N SR Y 2
AR, B AT 5 O 1 19 5l o AL BE ) B4 RE 1, RE 8

B = RZE AT AT 2R R A i Bl
hESCs Z R #EST , Holh )3z i T 2 Fh 3k i 5t , 42
i ESCs BAiRYT PD, F 1 ESCs B H: A BEAE
53346k DN ABAEAETE 15l it 8 %) IRURS: | it LA 250K
ESCs K505 J 5 AT B A, 1979 4F Perlow
LB SRR T BUEJA 19 DN R AE 3 R IR A% 40 55 110
BUIEG PN, IE B 20 RS A S RE % R A AR 1, IF AT
TR B ks, AR A sh S
XL ESCs (RSN 43 fL TR A9 DN gl il i 2
A5 P pp 2oL L B, BEAE TE Sl AR AR ik
WAETE Ik 32 JA DL b, Jf #5 42 & ¥ U g A s
ESCs SRS T 504k 0T DL 2R A 8 Jif 738 T
B . JTEEAEK | ESCs B IA YT PD Uf & B,
JEELIAT N e A AN R A AR i R AT T I R
HANMENRIE T 40 L (hPESCs ) Z €5 1 DN B ARG
J7 PD BYL Ve S H AN, KEBWBEFER
> 24 A~ R ] ELR UL IR Y B, O BLAT B R AT
K, BANSCIR R DA AR s i 5 1 3 9 2 R
HEEA o, FWIR R Y% hPESCs AIYEN PD 697 By Al
SEYHMR IR, 33X S PR AT 52 50 5000 S A A4 g (4 I F
JERRAL T 58 A S0 SR

ESCs BAHIGIT PD I PRI 5 i Ak F 116 IR T
STERI I B, 8N R 27 5 — B T B e s fif 400 5
A~ ESCs RIF R AT AR iR 2] PD I P,
OB A P N hESCs 5911 AR 3, 2 4
BRE M 2SI IA 19 ESCs 1897 PD Il PRI 56,
IR B0 2 v 7 2015 453 i A9 58—t T 4 i
PRIRES , & ZEA0 R T 40 BB A% 2 4 M AT A 10 B AR I
HiuRE FH I A  TR] Ao b 3003 40 A RS A R A2 K
AN P ) ESCs FE A7 B Y D)3 BE A% ke 00 5 HE R
SR, X B AN SR TR AL ESCs 3397 PD B9 IR
PRAFFZE L 3 006 AR v R I %

W C4IESE, ESCs KR AY DN A fES
Heat PD SEARC (H ESCs RSN S0 Ak B
MATERE R, WEETRENESMETE, B
FEAVE 455 200 P 50 D R 400 JHE A7 305 R 1) ) 2 A
PRI ; A B ESCs AHXTF PD B35 K Ui N SR 41 i,
RO nT 8 & A S HE R O, I 2 ESCs 1 3R BUAT
TEASFRA, BRI T ESCs (& R T 75 tHpE %
IIfi PRZ% ESCs Z8 (IHEST 5 40 M e B9 4558 R 7 vk 10 %
J'& ,ESCs BB AL vl FR il & Je i FH T Il K

2 METHMBIESRT PD

M2 T 41 M ( neural stem cells, NSCs) fix #] H
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Reynolds I Weiss' " M ERUIKSCIR 1A 53 25 1 ok I 42 1
WA, Z SIS A A R IG s A7 0 2L s 0 AN Y
FAERT X SORAR Ve T3tk m] 8 S A 2 o
TR T NSCs, Iy T nl #1740 i A2 A 19 AR
LT R, NSCs Rl 55 5 1EMK, B £k
P H R IHRE S LA S R 2 m e Y S
oAb A AR E B S HE R R R /DN, B AR A
S R Tk e S R RS R B S HE R RN
NSCs i# # Z it RS K5 W 5 A A PD #5578 fik
N, WF5E & B0, 8 hNSCs B HLA PD /)N RAR AL figi Py
SYIBEREAT R A5 5 B 0 03 | A 40 B mT 7 i P9 A7
A RO A kL 2TV R B2 e ) VS
[ TG PR NSCs , HE T R AE M 2206 5 5 AR 1Y
YRR B X NSCs B HIHIE 5T B AR IBTERA, 0F 5T
AR I NSCs oA I 14 43 Th 4t it rh A7 7 1 2R 7
R BHPE R 220, B M A0 i BB 08 5 1 A 45 H Fn T
B TR HORASGE 2o & 4 40 R AR 0 A R
IKFNEI TR | i ELRE [ B 43 i BDNF ,GDNF | NT-3
LRI N F LARCGE BRI 19 T RO
NTESE R 22 A 1B R

F B, NSCs BAEIAYT PD 16 R | 36 [ K H
Wb F 1/ 10 W06 R K 56 B B, 6 B 4= 9 2 W
International Stem Cell Corporation (ISCO) PHNT
DI F 25 40 Jifd 2 1SC-hpNSCs JAJ7 PD HU
AN AR BB FE () H 301 235 28, BRI N T A BB A Rk
B 7 FBEA SN, PO 12 N BAARE
A AR IE AT gE it 2 ) B 2 S (H 4
JASHE 6 1~ A J5 s PD IR E &8 2 okt H& 4
YRR, AMEEEAESG 6 1~ H , PD B 1 RERT ]
(B H 2R 2 2k KA ARy 7 20 HL PD SR & (1 B
[i1]) -3 B 24% , Tz 3 e d (9 -l E 2k Re s [] (4 H
el 2 B 1E JC8 sl B i 0 1% 0 &k #5 fe AT S0
FrEmf(a]) 76 [F— B BB T 19% 5 100% 11 i
BT BN, Beck MAR R MY F 38 RN
35% ;100% 1 &5 A HIBE 7115 B 808 5Ok +F, PDQ-
39 PN TR i 4 ST S M0 14% , PDQ-39 19 H
A TETE S A B 22% , B sh 4 FE Y 0GE 15%,
PDQ-39 Y Ep A 4 B2 - 8% 12% 5 PD 4t —3F
IIARUER A 5, {H PD b ah-5 38 FE RS IR 2D 53%
ORI R30S UL 7™ F AN RS IO, A UL g | 4 e |
GRE SRR TN, A I 2 BB A4 BN 4l bt
JEPUMA, ey A A I35 = T AR AR IR T R
SeMER A2 AT I R AU AF 5% 80 2 ) S A TR 97

WSS A (e E R R AR ) h S
HRCR , P BB 4 BB 32 TIRIT . X 2RI
IREEH A I R A MRS AR R TT PD A I B R 4 28
FE T IRSCA LR, O — I rh L A I T A0 s
PRI T I K 2258 — B 2 B kA7, TR a8 A
12 AP EEE PD B IT R 4 8 B 1R GCH T
fii hNSCs A Rk 5 % 20k, (EAF — R A ), i 5%
NGB8 1 B 4 25 1R AL 45 25 455 XA T NSCs
A,

R NSCs HAT i Z 3 AT 72 B T IR
WAETER Z ). (D H T 42 BRBR 61, U5 T 9 A6 1K
) NSCs — M 3545 52 B ; @B 5% & 0 40 i A% A )5 T
HBAE TG AT B B AR R 18 A5 ) L, A7 e
M A Fa S MR PR AT /2 1, NSCs 19431k FlE
SERL i 15 1 — 2D AR ST s @8 X PD R 1AL
TBIT 7 M HE (ARSI R SR I B A ] F%
i 57 ) Mo TR Y

3 [EFEFRTHEEBZESTT PD

3.1 BEEERERTHE

B OBE 8] 7T 8 T 40 B9 ( bone marrow-derived
mesenchymal stem cells, BM-MSCs ) i # H
Friedenstein % 7E 5 & 3, R IR k2 IE 2
A 210 AL RE , 2346 g 17 40 B A R
£ i 5 v JU 2 A L ) B 406 1) At JUR 25 240 L 4
b, BRI Z A BHC KB, B BM-MSCs B i
A 6-OHDA K B BT N REAE A7 1% 2/0 8 Jil 3 fm 1
i R A AT PR ph 22 e i, W0 2 A vT 21k
NSCs 1 28 70 K Jise J5T 4 L, [7) B 7 442 S FH 355 57
W AR BM-MSCs 755 7046y 1 28 41 i, BM-MSCs
V500 K A 4l 2 41 55 BM-MSCs #£ 41 A PD 45 7
PN, S RERE S PD AEAR . [RII, 41 RS A RE i 14
SR AR B i P A2 4 A1 AL A BG4 X AT BE S BM-
MSCs EAEHLRANEHIF o3 Z R A K B 7 (e gE i 22
FAESBEA KD, WA, BM-MSCs ¥ A fF 5
KT RE A R, Jiaming A1 Niu" ™ 1 R 3 18 KMk
DA RE # 42 5 5% A ¥ ( cerebral dopamine neurophic
factor, CDNF) ff) BM-MSCs 15 A PD K B Y 1Y
ZORAR b REDTZ IR N DN B4 F DA 19 2%
K. BM-MSCs 1677 PD I RIXS7ESE B Hh [E En
FEAFE R A TR, AT T/ 1 i AR5 B B, i
T PRI T R4 I I 80R BAR DG, A 7 2k B4 5%
B I IEAT RIS BEDT .



rfE F A R 2 i 2019 4F 8 A5 29 445 8 ] Chin J Comp Med, August 2019, Vol. 29, No. 8 145

BM-MSCs C7Esh YA rh gk B BB A2 235 PD
FHOGHE IR , 15 H A2 BT 40 i A 1L, BM-MSCs &
PEHEF SOV 5 U 4 H Be s E 1T A AR A, [F] A
REAE IR 2 A R 1 (38 1), O UL A 34
AL Z — {0 BM-MSCs A5 7E T B BA
R AN, 3 2 R R A v T 7 AR, 084 4 1 B
B LA i v A B S B 0 (3R 1) B LA
I RER BRI RORAT IR, AN TR ALK A5
7t
3.2 FrmiEze R4

Ji 1 6] 38 5t F 40 fd ( umbilical cord-derived
mesenchymal stem cells, UC-MSCs) A4 547 M4
Faepeds, BAT A R RE /1 5 Z 10 AL iR B, fiE
W AL AN ZE R IR R T — 8 S5 &5 ]
AR 28 o0 RO A S AL Y 2R L, F T A R U

& H. UC-MSCs YRS , BT LL7E 20 RS AR Uk 2
K, UC-MSCs BIRSAHIRAR L Z | nlad i B %
NTARE ASE T SR | 20k P ST J A 2 o A B 8 il A
PEATROAE, RS T AL LU N T 56 e ol B3, F9E
B, ARG UC-MSCs B A I BEAS TE ik N A7 1% JF ek
e PD AU R AT N 27 B A, [F] I UC-MSCs 441

I3A6K DN AT RAR AN AT W48 21 40 B A7 16 517>
UG I L RE A% 520 i P s 2 e A L5, T i i
ZARINGE T o AL I BEAT RS A B4 XA IT B A
S8R PR X AL (A5 RS AR A 400 R 7 R P 4 1 1
FHE hRaE a5, b, UC-MSCs A] [al i} & %5 &
VR DA 3 405 5B A7 O PR B, 8 itk L 4L A 51
21 UC-MSCs 3897 PD Byl AR5 H itk T 1/
I IR B, B8 0 A9 I PRI 48 2 o 3 S5 7R PR S
v TG A S5 45 2 4 P PPA A AR SR

UC-MSCs #H X F HAth 40 i ok W A i £ 11
WL D). O TRESKEY H, R ™
i /6 B ] 5 ; @) Lt BM-MSCs 45 Ho b 7] 2 55 T 41 id
O LG  WEGH AR ) B0, ST AR AE AT s B F g i
PERAR , KRR T B Mo A2 v i) B e HE % AU 5
G PEEN A o F R AR S Tl e =,
UC-MSCs R Y7 PD 11 3 ¥ e (K 56 2 B BS 4 UC-
MSCs REMS7E — & FEBE_E i3 PD a8 sk, A
UC-MSCs R4 73 25 308 AR (R 1) 7697 PD 1Y
Ve FHML T 280 A 4 i IR A B9 BIF 9, W T I
PRI %4k 5 300 Bk A2 | 0 4 70 2 5 DU R
B AT T 8 30 LR TP A 5 R

R RFEIHZURIEN MSCs ML E SR L

Table 1 Comparison of advantages and disadvantages of MSCs from different tissue sources

MSCs BYZH LA IR P

Tissue source of MSCs Advantages

Disadvantages References

SE AR 1R VD R i 1
BM-MSCs

e AD-MSCs 73 T 22 (9 A 1 X 1

BM-MSCs secrete more growth factors than AD-MSCs

A3 B B R A P R A A
TER RO i 20 M Tk A B A 4 KT
FAARG ; 14 B B vfr BM-MSCs %5 4k sk 21>

The isolation method is invasive; low

JBF a8 FE BT T 40 M
UC-MSCs

i 1 RV i
AD-MSCs

LS B TC RN 5 LR SURIR K MSCs B JiR
IR, AEVEREN T ESCs 5 i T 40 =2 8] ; 4 53805
o, RCETRBEAR, U AR A B ; 0L Y UC-MSCs 1
BM-MSCs 1€ PD #RI 73 4t

Isolation method is easy and non-invasive; compared with
MSCs derived from mature tissues, UC-MSCs are more
primitive and have intermediate properties between ESCs
and adult stem cells; higher proliferation rate, lower
senescence and better anti-inflammatory effects; the
differentiated UC-MSCs are more effective than BM-MSCs
in PD models

SRAE T I fR B P2, B & MSCs; 43k ) AD-MSCs
MAEFRICY R B

Easier to collect; high yield and rich in MSCs; the
expression of neural markers is higher in differentiated
AD-MSCs

29-31
yield; cellular senescence is higher; the [29-31]
potential of cells decreases with age; the
number of BM-MSCs in adult bone marrow
is decreased
4 EN e
st -
Isolation efficiency is low
BAR A 1 B SRR 1o P A R
Lower proliferation rate and [31,41-42]

higher senescence
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3.3 BERFEFER T4

fg W5 18] 72 B + 48 Bl ( adipose tissue-derived
mesenchymal stem cells, AD-MSCs) >k i 5 1 41
21 HAA AR H 5 e ag, vl sr ok 2 80k R
2L, 2 JE BBl A 20 R AR A 0 1964 4F
Rodbell 7" 7 S 4 3 M B 5 20 20 rp 43 B85 s ) 72 o 1
ANMLAY 7 35, Zuk 26U 0 R TR W R R B T
AD-MSCs,, Fifif5A Kb 52 20, A S 7T 38 2o 45 Fp
J=0H AD-MSCs #5528 DNV RS & A
B n s T4, AD-MSCs 515 % J5 9 AD-
MSCs ] AT N RS AR E B AE 5B R,
Zhou MR AL YL AD-MSCs A A PD fH i
Wl A, 7E A 4 A H R AD-MSCs 7736 R4
FEREMSE PD Bk, AD-MSCs 1697 PD A1 K IR 56
v Ak T I PRAERI B B, AR A AHOC 2 SR

AD-MSCs 1 S 41l g Fh 7 {5 dg 2120 (3%
1) :—7J7 1, AD-MSCs KA 7 R I 5, v #47 H
B, 5 i AH L, B 1D 2 23 A a) 72 5T 1 240
TN R 5 — O, 5 HAB K IR B MSCs A
H, /b i AD-MSCs #f Zbric P ik m, B
AD-MSCs EL 2 7E Kt s ) 52 5 ik SE A 24, (B /b
R A I FRAF 78 2R, AD-MSCs BIBF SN A7 e 1 &
PR, A AR ) 3G FE ROR RN = 1 5 2 R IR TT
BILA LA B 2 4 55 () R A e it — 25 B i D

4 FSEETHEIATT PD

757 ZRE T4 (induced pluripotent stem cells,
iPSCs ) /R4 i 25 5 4 72 J e AL L 5 ESCs 25141
IZBE T4, Takahashi 25" F 2006 4Ef# FH 4 4
5T (0ct3/4  Sox2 KIf4 | c-Mye ) B UK A 41 it
P EYMEE N iPSCs, Ffi & iPSCs Hi R AW & e 5
PR B SR IR B A 2 2 ANEEE AN, BB
HHRHE A E A5 S H iPSCs, iPSCs LB /&
FESER R 11 3835 5 1 A 2 A6 3 BE 4 AR g ) Jr Y
Y5 ESCs W WAL, i AL T ESCs, iPSCs M| HLA 14
AR & RETE— B R L akk e (e B ) L A
PEHEF OB SR 3, Aok R E AT TR 45 R s
2XF hiPSCs HEATIAT: , A A E 2R g h & 40
MOEAAE T, BFFEUESE , ¥ iPSCs R IR 1Y DN Fi{&
20 B A 80 R BRURSE TR i P B % 2 3 s AT R B
B JEKs iPSCs 15 3434 DN iR 41 F2 45 A PD
A ASE TR i DY, 200 MR A% A i PN A7 3 O a1kl
DN, %) PD ik i 25 20, oK DL S e HE I S i 5

R I R AN, B iPSCs AR T 7RI
VRGN AT R 4 A L e v B R AR 1Y
A RS A BT AR B A TN EE R KX & 2= 11
BRI AT R A BT 9T, 40 PARKIN | PINK1 DJ-
1 . LRRK2 53BN 5 PD EHEHC, [F A A
FIRAWFFELIR 1 & I B 55 8 24 0 1

hiPSC /97 PD A RS L 7E H A3kt , 2018
10 H, HA RTER R 22 B2 Bkt 240 75> hiPSCs 2k
JE 1Y DN RiR4NAS A — 44 PD SR IN , AT T
ARG W) iPSCs JAYF PD I PRI, AR — 1 H
PR A A i ISR R RO, I R AR SR SR 6
H,#5TCI KAE H K A 240 T34~ DN Rk
A, UETG RIS EA T 7 &4 PD B, B A
FARMEE PR, %4V 56 RO 2 5k it
55 BN R

iPSCs 7F 40 i 2 A0 T7 125 L S o B LBl A 9 55
9Py A5 I EA TR PR R AT, R4 iPSCs
BRI AF R & e U, (HA A7 78 1 £ 0] B A4 75 it
He . Ok 20 it 5 g 57 AR 19 5 7 HLE IE R 52 &0
F&  hiPSCs TEIG PR I FH 1 22 4 M [m] B o RE 5% 5 @
TR [ 3% 55 5 T o AL b TS B
B RSN E s SR Soe i G
ST R B A AR A IRIRPR R iPSCs J& 3L 2
FH T I A 8 B 25 A1k

5 NESRE

TR — KB ARER 5L £
TS REZH A, A< 40 L o3 Ak v R B AN [R] 43k 4 E T 4
JiL 22 RET 4t AN & BE T 40 A, 4K 4R 40 i K B B B
AN 23R R S T 4 5 AR T4t L, ESCs BAY
SREVE , BT 40 LA 2 RE T BT RE R, T 40D
TENFRHLE] 5 R B R L R 52w R #EA7 rfR &
T4 MO v AT U A 58 B AT R 1 AE
PUHRIELHE LA LR OBACEH], T 40 i ik A A= 9
RN EA LUV, BB o] i kb 5451 £ 58
LIRS  TELEFEE )T 204k o 32 450 200 i 2 B0 AL
el B8 T B 40 B, @ 5% W & AL ( bystander
mechanism) "2 BV 3 0 95 18 32 OR B & AR
FLAE AN 55 53 W50 A 28 240 A 5 KT A 9
PER T A0S, T 240 f R A AR S B A 5 AT 20 i 22
TP A PR 3019 A T P B DTG 9 T A S
AR A K Al RIS A5 TR IR RS AR 20 iR RE G TN
PR A A T DA BIR 1 T R 285 1 1 4 B A 338 fm T 448
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B B T T, B AR AN AR 0T A1k A A%
JHL LA A 8 JH Al 240 LSS A8 (4 NSCs R B4 i %5 ) 5
JE BRI 2N I R A 3 5 345 ) A 53 o 26 S 3L 4t
AR A 5185 ; 4Ll &, T 4 i 5 4141
PRI 20 B A 45 2 PR N kAR Rl I AH B e T
(C RN

Wil 2 22 o S 36 AR (%) B T ST S RS AR H R 11
MU & R TAIiIA YT PD BUS T — &9 =itk
B, ANFRIZSEUR R IR BT 4 7E PD 697
REf R FEM 2P AE S8 1ER, BRI T 40
HEIGYF PD Al AR L8 186 35 T ESCs \NSCs \MSCs 5
iPSCs, 4 PD WIRIT SREE Ak T A8, 2R, A
2R+ 20 B B R iR 9T PD 4545 A Rl i, Hov,
NSCs KZ Wl RN 18 5 A 1Y 7 K TiA
57, RS H AT E 2857 hNSCs &, (5 14 7778 18 3 4
W, PD SEARAR 43 235  MSCs J2 1A T 248 it ke 4
TAEHG L, L E i, BE T BB aE ] 24k
AMNFE G B, (A 3G 5E 410 T B 5 VA T RO AT PR
ESCs 5 iPSCs #4585 fb B J1 58 , AR 5055 T 501
JEHATREAE IR YT PD RBUREAT, {H ESCs {2 B4
BER M iPSCs FH HE R T4 | HE 22 4 e 1) 2 ) 5 222
HZRSLIMETE ., HAh, T 40 AR SN S o Ak L]
HHBMIRYT PD (5 FHLHI A 0152 A
IRV B 2Rk DR i S OA SR AR A  fe E
KFIRAMFSE, BAR AR il 47 PD ¥GT7
T EIAR R AR 0 AR IS | B AR I PR R DL KBS
7 AR R R 2R G AU T

FAfaATY PD K27z it R AT 75 B4
T[] P 6 5 L5 A SN 1 20 L BB | AN ) 2%
RIT- A MIIGYT PD (73 I7 ORI e 50 4 O T i
FTHE AT, M EE T T AR YT PD LR AT BE Y
YEFABLED, LU T 410657 PD AIALEIAR 52 | 20 i
FAUFNR A Ty 2 0 e B B I PRI 36 S5 24— a2 1)
W, A B ERF R S EIT B AR A & RS
A, FANERE EAE ) Z N H TG R N PD B35
BRI o

S 3k
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