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HE. a6 504 HMAEHMVUES 5 (spinal and bulbar muscular atrophy, SBMA) & 43 % # 4k -F 49 /& (induced
pluripotent stem cells, 1PSC%) K R 015 FhAT 2 KRBT REER, i I 4% SBMA &E % 1 Fl4E
Bt BB b 04 BURK R AF 4 4m 8 5t E 4 A2 % iPSCs; «IT iPSCs # - 4 12 3h Ay £ T 4k 48 #& ( motor neurons progenitor,
MNP) 3+ 5-4C H a%, 3k 49 33 $h 49 2 7L ( mature motor neurons, mMN) ; %95 & R & G R Mty 35 58 5 B — 40l 4
FAZ N LR T, 4R EH 359,30 EREANAWMERL A FHALMI RLRE, r‘“"?}’%ﬂkﬂ;# A
TAY 2RI E R BT 7]‘)51 oo %40 % b, ok 4 M B M & % 4K (androgen receptor, AR) A B % 1 4FRF
CAG 5 R4 A 44 K, iPSCs ¥ Kk T HATILH , AR R B, JF AL LS4 A = W&ﬁﬂﬁ@%id M:EL iPSCs
B MNP R 20 fotz A & iEAR /2 mMN P 6942 N RRE A S st lBARL ) B % MNP 3% 78 )b 65) F 1%, A
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Differentiation and molecular pathological analysis of motor neurons
in a case of spinal muscular atrophy

LIU Wenzhu, LIU Fuchen
( Department of Neurology, Qilu Hospital of Shandong University, Jinan 250012, Shandong, China)

Abstract: Objective To explore the molecular pathologic phenotype of spinal and bulbar muscular atrophy ( SBMA)
using motor neurons derived from induced pluripotent stem cells (iPSCs) from SBMA patients. Methods Skin fibro-
blasts from one SBMA patient and one healthy control were extracted and reprogrammed into iPSCs; iPSCs were in-
duced into motor neurons progenitor ( MNP) and differentiated into mature motor neurons ( mMN ) ; immunofluores-
cence staining was used to study cell proliferation and apoptosis, and the formation of intranuclear inclusion bodies was
detected. Results The patient was a 35-year-old male who presented with proximal weakness of the extremities, hand
tremors, and hypogonadism. Skeletal muscle biopsy showed pathologic changes of neurogenic damage. Peripheral blood
capillary electrophoresis showed 44 repeats of CAG in exon 1 of the AR gene. iPSCs all expressed stemness markers,
had normal karyotypes, and were able to differentiate randomly into trichodermal cell types. No intranuclear inclusion
bodies were seen in patient iPSCs and MNP, but intranuclear inclusion bodies were more typical in mMN. Compared
with normal controls, the patients’ MNP had an increased proportion of apoptosis and a decreased proportion of prolifer-
ation. Conclusion The iPSCs of SBMA patients carried pathogenic mutations, and their differentiated mMNs contained
typical intranuclear inclusion bodies, which accurately mimicked the molecular pathological features of the disease and

provided an ideal model for the subsequent mechanism study and drug target discovery.
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A8 AEFE N ZE 45 4E (spinal and bulbar muscular
atrophy, SBMA ) X FK+# J& il 755 ( Kennedy 's dis-
ease) , AT viig B A RN #6470 6 FR P ILTE 3 Fn
WLZE 46 o0 = 2000 PR R I X 9 P 1ot % 1 ph 42
APt A i ML & 32 4K (androgen receptor,
AR) ZEHE 1 AT CAG EEY W51, B
CAG IHEERE =38 K'*, CAG BTl B4
BERe , 5% 9 3G ) CAG 4 5 I8 1l 2 58 4% & Bt
( polyglutamine , polyQ) , BfiJ5 M -8R Z5 44 7] B-
R GIEAE SRIGTE AT R Y S R TE A
TEMFELT LS5 1 () AN TP SR AR AR, g 2 A% AL TR
A e ] AT AR A BT R S A W R 4
P . SBMA BRI W 4 i1 AR AR WL Py R 2R
RT3 LT U5t 7~ v ) 22 30, o B0 T o A 7
PRIXE 17 A PRIYE SR, PN 4 b S i 2 A 2 2211 R
Tz — e A AR I 9 B A R AT
IS K e 2 AR A I S T 2 R T R
ST B A 1z s 2 ou A & SBMA ) %
FREREACAE RS AT O A2 Bl 4 2 A RN A B
frig shh oA

AW 1 I EL 2 K12 SBMA B3
Bi% S Z W RE T 40 M (induced pluripotent stem
cells, iPSCs) , 344 iPSCs 5 T4k iz sh i 2 i i
4f Jfd ( motor neurons progenitor, MNP ) J il iz 5
#2270 ( mature motor neurons, mMN) , H 3 iPSCs
A6 MNP G 58 BRI | 32 2 R oo & A 20
P AL A MR ARG 1 73 B AIE , S 2L
SBMA )53 B il W 55 71 245 1y $0 b B 418 43 P AR
AL

1 #RE7EZE

1.1 HRIIZF

BB 35 4, WU RGE ST TRk B
iz, BEET R IR R T FARIGBIT, e
B—4F, BNV REZES, DA R, Gzl
PR F AR, ZEMFLIR R B R T . o . B B m s
e . 2284 0.85 nmol/L, I 7 WLER I A Ny
620 U/L, WIHER. O Z i iEHE, @ LT
R AN 27 ASBFIERE A ST A S 5 1
BIFFE IR R 556 BB PHIME H 2 5t 23 FI o 4
BUR[ (B R 5 2020066 ],

12 A&
1.2.1 ALAFEKE

BESBEANRZE G ATAE LR A
ZUEKE . WLR L SUE R 04 1) S ke b [ e, 7
-25 CHMER IR LA, VIEL 8 wm JEAP] Fr, I
1T F AN G . F AR KL (hematoxylin-eosin, HE) |
X K2 Gomori ( modified gomoritrichrome, MGT) . if
JEARYEHTi T DU MR JE i ( NADH-tetrazolium reduc-
tase, NADH-TR)  BEFHR It &Ll ( succinate dehydro-
genase, SDH) . 4il ifd (4 K A L C ( cytochrome C
oxidase, COX) . i fll iz Shiff ( periodic-acid schiff
stain, PAS) JHI£1“0” (oilred O, ORO) F1 =5 It
111 ( ATPase, pH4.3) 4t
1.2.2 FEPRA

FEARAS NG W B 5, RAE B B M JE AR
fi FIE 41 DNA B & (Jb ot RARAE D AR B
ZNF]) MMLFE R BCE N 41 DNA, KA PCR 1%
FE[FIZH DNA,PCR 934 77 9y L) Jox 2 Wk J R 3% 1) Bt
EWHEERC LYK , 100 V L HL K 40 min, XJ_F AR HL Pk
HHR IR 2 ALK SR IREARE— 21T B ANAE LK A
Bro RFRIR A M IURE PCR 7 39 7 Wy 3647 Fr B 4%
Br: B 20 wL H @R ,0.25 L CEQ DNA Size Stand-
ard kit-600 J BeAE MFRAENAR, 1 pL PCR 33474
IRATE B B R P AT IR 3 88, o B 4R B
AN TRLEE 35 50 THE,90 TZZEME 120 5,2.0kV HLE T
HEAMEA 30 s 4.8 kV HLUE T HIK 70 min, DAT )
ST SEGHAT R BT
1.2.3 Bz Rk AT 2 20 e 15 5%

TEARA A S AR X B i Rl s, AT L
PRV A 1) ) B 3 B0 R JER PR A K e Bk 2H 2 A
15 mLES.CAE I 5 mL PBS, JH 9% S 775 Uk K Tk
A EE S WIRH R 85 LRI,
W B2 RAH 853 B9 BN EA 6 FLtR R . AL
fin 800 wL % 10%FBS (3E[E Gibco A Fl) 5 1%P/S
(= Gibeo A1) B DMEM ( 3 [ Gibeo 2 ) 15
FRIE AR IR e B0k 6 FLMRUE, 6 FLA I B 7E
37 T 5%CO, MMIIEFAG T, B REHIG /A, B2
30 d Ji B LT dEdn i K i
1.2.4 iPSCs HEift Sz ghth &tk

FHIRMEXT B JR AT A i A T AL A B S
FRHEG A IO vE S JT A0 B T Aotk kA T At A
B, BUSx10* AN A 1.5 mL EP 45 Hh B L
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J&, 25 B A 120 pL RN 8 pg IRAHFIY 4
Fif Fkr ( pCXLE-hSK . pCXLE-hUL . pCXLE-hOCT3/
4-shp53-F pCXWB-EBNA1) (Fi+ LONZA A7),
MR R R ERAMS , F 4 B R B B
PR JFERAR LA DS BRI, 3536 K L R T L e
X (Hit LONZA A w)) H, JFdk#f U-023 B&)p T
HUEEERAE . PG S8 IR, B 40 TR Ak Y B L T e
g 6 FLAH, FImA 2 mL 7% 10%FBS . 1%P/S
5 1%0RI ( 3£ [E MedChemExpress /A #] ) ) DMEM
BrgRdk, 582 R OHIEFRE Tl TeSR -E7 B4
B33 (JME K STEMCELL Technologie 23 ]) , K
2520 d J& , dUBE sE BT 4f B0, T4k NC target 55
FEE(LHE TEDFHARATR ), 4 iPSCs 5t
R b K B R AERET, 245 T AR Sk R R PRI A e
R, 5 7% 2 B i FH B8 T e e 4 1 24 FLAR T, B
AFLATCE — A TEE, IS AR T 4E ) NC tar-

get HFREEHATHESE ALY Y . SRR ATIE A4
AN L KGE B 2203 S sk na gkt
1.2.5 AT

FH 0.2 pg/mL BB AL iPSCs 120 min, #&
JEEOIEH 25% S ER A 75% HEEIE E I AR KA
FrE B = E2E X G AR 225 g K
HATAZ AL T .
1.2.6  HpEuet

FH 4% 22 5% F R [ 5 40 15 min, {8 PBS ¥
BAIML 3 ¥, #RJ5 H 0.1% TritonX-100 {E PBS
B1% 30 min, A 1% ILEMEHMA 1 h 5, A —
U OKAMME T 4 CHAEh SR E, 2 K,
PBS VRGN 3 AR E I P =R E 1 he M
PBS k4N 3 WK FH & DAPI A9 4T %€ 56 1 K5
DERHA (D0 EHEARAR A 1 EH R, —di
PLEAAFEEILEER 1,

®1 PUATEARE R

Table 1 Detail information of antibodies
ik iR L 3] N B
RB-NANOG 1:200 % [# Proteintech A A] , 14295-1-AP
Hadi-S0X2 1:200 2 [ Proteintech 23 7] ,11064-1-AP
R Pt-0CT4 1:200 2 [ Proteintech /A 7] ,60242-1-Tg
FR¥-SSEA4 1:200 £ [F Santa Cruz /A ] ,sc-21704
F4i-TRA-1-60 1:200 5[ Santa Cruz 23], sc-21705
Hdi-SMA 1:100 i [E Abcam 2\ H ,ab5694
R PL-TUBB3 1:100 2 [ Proteintech /A 7] ,66375-1-Ig
F4T-HNF3B 1:200 JE[E Santa Cruz /2 #] ,sc-374376
1 ffi-PAX6 1:200 5 [H Proteintech 23 H] ,12323-1-AP
Hdi-OLIG2 1:200 2£ [ Proteintech /A %] ,13999-1-AP
i ii-CHAT 1:200 2 Proteintech /A &), 20747-1-AP
FRPr-HB9 1:200 £ Santa Cruz /A A ,sc-515769
HRPL-Ki67 1:200 RICE A A YRR R A W A23722
R4t-1C2 1:200 & [E Sigma-Aldrich 24 7] ,MAB1574

WIPEHL R, 1eG (H+L) 28 X Bff — 31, Alexa Fluor 488
2P 1eG (H+L) 38 X WM —#T, Alexa Fluor 594

1:1 000
1:1 000

32 [E Thermo Fisher 23], A-11001
32 [E Thermo Fisher 23], A-11012

1.2.7  ZHAEYE TA D

FH PBS VAR 1 IR, INA 4% 22 5 H g i1 5 4
/2 30 min, HI PBS FRKTEMS, % 0.3% Triton X-100
(%) PBS, i F 5 min, %88 TAT B -9 CARICN
1 -9 B A3 i 1) 3 245 9 TUNEL A& I ( Ei 28 =
RAEVBEARABRA ) 78R, B RE 5 m
50 wL TUNEL ¥ , 37 “C ¢ & 60 min, PBS
VB 3 A, DAPL BTG G 3 I e 5¢
JCAEE g, AT A AR R L Ry 450 ~
500 nm, &S TEE N 515~565 nm,,
1.3 SitFELE

K JH Image J V1.8.0 B A4xF Ki67 FH A4 il K

TUNEL FHPEZA %2, >R SPSS 25.0 4eit5ff
SrMT B A Bk ] GraphPad Prism 8.0 3% 4 #E47%
B, TR, xxs RoR, HBE 5 T IR W 4
[P B L HER A ST REAR ¢ K5, P<0.05 A 2ERA
iR,

2 & R

21 AARE

WLPAATERSE HE G B RLEF4E K/ BEAR G /INEF
Y2 BRI I, 5505/ NADE ; 7] WK WLEF 4
Ker% 4% MGT e 6 n] LS o JULET 2 LIS 21 3%
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Yy, ATP Jigge o n] WL BULFAERELHAL U (BT 1)

RS

SBMA B NLARGH YL (5 ( HE MGT NADH-TR .SDH .COX . ATPase pH4.3) {0 &, b5/ . 100 wm,

Figure 1 Representative diagram of muscle biopsy results

Muscle pathology staining of SBMA patients ( HE, MGT, NADH-TR, SDH, COX, ATPase pH4.3 staining), scale

bar; 100 pm.

2.2 ERFEEN

HBEANE B4 kS B R  DNA KN
331 bp, M4BT HiZFEA AR JEH 1 5405 T
CAG EEWECH 44 K (IEH NZJTF 5 1) E 2 KA
<34 1K), R B E CAG FHE REGE HIE# L
R, A5 515 JE a9 B2 T
2.3 iPSCs EE

ZeT E AL IR B R AR A 240 M R e Ak ok
iPSCs,, i DY AR, RATME R B H S

A ft et e

NANOG/DAP

[SOX2/DAPI

OCT4/DAPI
e 3
no
N
¥

NANOG/DAP

SR | OCT4/DAPI

fatRR XF B8Ok YR A9 iPSCs 3 ik T 1 41 i b5 3% #)-
NANOG ,SOX2 ,OCT4 F1 SSEA-4, X F W FK A1+
Y iPSCs H AT Z BB FRAE (& 2A) . iPSCs YL ff
IR Ry 46XY, KW Y AR IE S T4 (K 2B) .,
iPSCsln] 3 MRJZE 19 53 A I 28 ] 534k Ry A B 4 B 40
MR 55— 20, 2 AE N B AIE iPSCs 2 [n] 43 L
AERY— P HE E 48R, HNF-38 .SMA  TUBB3 73l /&
W SMNIRZ BbRICEE (B 2C) ,TER] iPSCs HA
] 3 M RJZ AR RE T

B

SOX2/DAPI

ISSEA-4/DAPI
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g
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C feERREXT R

T IENE
i3 e 2o 22 32 se K SRR R
ROEE A8 38 M8 W Il u n it g; [
22 8 aw .-.’rgl Mo g {5}9

19 20 21 2 X Y mar 19 20 21

mar

12 iPSCs ZREIE %8 ME 2 ALK IE
AiPSCs TPEFRICHIUi—NANOG ,SOX2 ,OCT4 ,SSEA-4, #1 ) ;20 wm; B:iPSCs £ [a] 43 b 18 8 % 1iE ( HNF-38 . SMA |
TUBB3 73552 N SMIRZ PR ICE F ) AR 20 wm; C:iPSC B AUSIEIE # HY 0 46XY
Figure 2 Identification of iPSCs pluripotency and verification of normal karyotype
A; iPSCs stemness markers staining-NANOG, SOX2, OCT4, SSEA-4, scale bar; 20 wm; B: iPSCs multidirectional
differentiation potential validation ( HNF-33, SMA and TUBB3 are marker proteins of endoderm, mesoderm and ecto-
derm respectively) , scale bar: 20 pm; C. iPSCs karyotype validation was normal and all 46XY.

24 BEHWMETHSNE Olig2 5 PAX6 £ MNP 4555 ME+8 45, UEBH iPSCs
KRR Ny T T B E S &t & ] MNP 14434k (&l 3B) ., HB9 #1 CHAT /& mMN

B FEAR A T SOMAARF RN FAEY BReRtEtn &Y, 458 R4S 501k, iPSCs AL
RSN R E S 40, EE LR L E 3A, 4k mMN (& 3C) .

A
iPSCs NlEP NIPC MIl\IP m]\I/IN
DAY
O isB431s42 8 +Purmorphamine 15" 4sBazis42 2 +BDNF 44
+CHIR99021 +Retinoic Acid +CHIR99021 +NT3
+LDN193189 +LDN193189 +CDNF
+Retinoic Acid +CNTF
+Purmorphamine +L-AA
+VPA
Matrigel POL+Laminin IPDIL

NEP: Neuroepithelium cell, #1125 [ Bz 21 ifd
NPC: Neural precursor cell, #1221 it
Matrigel: 25 1%

Laminin: 2K 8 T

POL: Poly-L-ornithine, 2 3-L-& %R
PDL: Poly-D-lysine, £ %-D-1i72 2



XUSCAT 55 1 B Rl AE R IV i 18 sl 28 TT 3 A S o TR B3 B 97

8 XTI

OLIG2 6 OLIG2
— — —
OLIG2/DAPI PAX6/DAPI [OLIG2/DAPI] ['PAX6/DAPI ]
—

C {t X

[CHAT | | CHAT |
— —
[CHAT/DAPI | | HB9/DAPI | | CHAT/DAPI | | HBO/DAPI |

[ iPSCs [nlig B Lot b iR iR 5 %
A:iPSCs 73b 4 mMN JRAEE ;B . M S5 (e BRSO IR 1) MNP e 98 b 4 (6 58 5F— OLIG2 \PAX6, 5N ;20 pm; C:
FBE S AR FT IR E ORI mMN s Y % F —CHAT ,HBY, #5720 um,
Figure 3 iPSCs differentiation process to motor neurons and identification.
A . Flow chart of iPSCs differentiation to mMN; B :MNP from Patient and healthy Control ( Olig 2, Pax 6) ; C:Immunoflu-
orescence staining identification of mMN from Patient and healthy Control-CHAT, HB9,bar; 20 pm. Scale bar; 20 pm.

2.5 MNP HE3E FEERTEER . L Ki67 Ye s R AR Giit2E b, K
Ki67 ;e iffiez b —FraEHE H BEWIhae S BERIERY MNP (1% 240 i 14 5 A B AR T 0 FRZH

LA 22 0 546 %, Kio7 MR B MU (P=0.001), WK 4,

i“ﬁﬁm%mﬂ%&ﬂcu Ki67 E’JBH'@%@%‘@H}H@

R R B
K|6 K|67
100 **

o\\°
=2
=
N
El
jumg

K|67IDAP Ki67/DAPI B
o
©
M

TR B

4 MNP G4
A B SRR IRFE R IR Y MNP Ki67 (£L () Sz 9t AR IER AR50 wm; B Ki67 BRI A 23 legeit
&, “P<0.01,
Fighure 4 MNP proliferation detection
A MNP Ki67 (red) immunofluorescence staining representative images from patient and healthy control, scale bar:
50 wm; B Statistical graph of the percentage of Ki67-positive cells, “*P<0.01.
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2.6 MNP BAT# R, A TUNEL Jefa 45K % MNP #5470 12K
AN PE T B, YLk DNA WAEsk gt M, 7R R VR Y MNP A 4 T 40 i A9 L 1) B

Wr%d =4 3-OH AK¥ij, TdT B§5 3-OH Kus4hi,  m XA (P=0.007), WK S5,

B HEARIC W IEES) DNA b, 52 00 8 - 20 i 1)

A R A Joes L
or
1

S
& 4f
=2
=
—
=
0
[sa)
Z 2r
=)
F

fdRea s B

KI5 MNP T
A B 5 R IR R IR A MNP TUNEL ( 2% (0) 720 4 (AR IF14%, $7 R : 50 wm; B: TUNEL FHYESRNAE 7 73 Lo gE it
. P<0.001,
Figure 5 MNP apoptosis detection
A MNP TUNEL ( green) fluorescent staining representative images from Patient and healthy Control, scale bar; 50 wm;
B Statistical graph of the percentage of Ki67-positive cells, **"P<0.001.

2.7 #HAEEEFRRAEE By an R FH 1C2 AT s st e, 4551 B
1C2 J2& polyQ MYFE T B e BEPUAR, AT LIRS RIERY iPSCs & MNP o UL 4H A% N T 44 i
polyQ J¥ W () L W 14, A% P9 AL I A4 02 polyQ B mMN i nl LU 2 LR A N i iA (151 6)
i —JRPAR &, XF iPSCs MNP Ll & mMN =y
iPSC MNP mMN

K6 #NALIRIATE iUt % 5E
iPSCs MNP LI & mMN =/NFr B4 1C2 HTiR e Ot i, F O k48w A BB R 20 wm,
Figure 6 Identification of the intranuclear inclusion body formation period
iPSCs,MNP and mMN cells with 1C2 antibody, white arrows indicate nuclear inclusion, scale bar; 20 pm.

A R4 | ELEAT (LI bR )

3 3 i T 43k B 45 45 2 TRV I AT P B 5|l
NI GRE7 5 A 2 A TR 4

iPSCs A L B 492 i1 £ 4 B Bk T A AN sl FOf ABERRUAR LE, iPSCss e T8 1 41l 20 76 40 228 35 £ 4 40
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BRI, A & T 12 N A S OB
. iPSCs AR Tt 1% 5 £ 5 (AR 40 B, 485 45 0w 1 Jk
PRIAR 5 | PO A0 A o i PR A S 7 o o 42 400 i
H R R B A B AR . A, iPSCs J3 Ak o il 28
TCIY X — B 25 AR A T IR B 1 o T B sl 45
AR RSB I KA R SR R R T T
H @255k . FIFH iPSCs I 198 2 70 7T LA 2k
by S PR ey 2 e 2 ) O 0 3 [ 24 9 %o AR 4N A
YR S LA A 8 2 i) 0 A 25 40 P A O N
S SR I MR 2 P i e FNR YT B
S . P FH 2 5] 4 8 4% R 40 CRISPR-Cas9, A LL7E
iPSCs JZ2 Ifii 24 1F E0 1 3k R A8 53 | 8 57 HE PRV 1E A
R iPSCs, I ARk B i e B R A 97
2, B3 PSCs KR A2 0 A1 st AL I 5T 2
PP AT R G i T H A5 B T IR A B L
il , IR Y & AR I AR TR IR AR

SBMA i AR JEHEE 1 48 B T CAG HE
PasIk, EW NZTFH N EZ RN <34 1k,
B CAG WEZ R =38 K, AR fEH XM Z R
G A ATz, EBERRAE R ) 24 X 5,
FE S5 2ES AT R 28 S PAT NI T RE A 4
PETAHOC A DI, R IR AR 1 B R TR B AL LR
Fe g oG 1 A BE AR S X0 AR MR S
XIS S AT A B ISR ER . AR FEIS St
LI R IR T 4 Hris s 2o i s A K i
MG B E R FE—T0A S LZE 46 v &R
BEALRE I BF 5% vh R B, AR 2% 3K 7K 1 1 e 725 15 5 g
HE A 5, 4T ER R v S sh i 4o B e
1B5 M i 2 R 2 10 K A AR BIF ST 45 SR
SBMA %2 MNP & T 4 Jfd LL 451 3% 22 | 14 78 L 5]
A, i — 2 IE S AR EEAX P Zon i K arfb E
HEEAE.

AR JEH S H P ) CAG H R 4if5 PolyQ
EH, WIHA R PolyQ HHME N «-18E, SR)5
FEAR N B-PT B IP I T HEAR R AR, e 2 A o A
VS PETE MY LT eSS 40, I A2 20 B P9 58 SRAEIE i 2
M LA SRE R AE A PolyQ HlAE# £t
BT HIL A 45 . QO 20 B 0L 38 S B R R
PolyQ & [ fish & 4H it o7 38 S 7, 5 de $A PR v 2 11 AT
B 1075 i 2 (2 i O 0 7] s =2 118 7 N1 N A S S R e Wi
Fads ; QAL R T RERE i . 58 AR MY PolyQ AT
PR &5 9 1E 5 DR, Rl 2RI | PN J5 1) A ity
A, E0RE AT RS | 4 L P 5 T A O R L B 4
H W T BRALH] 55 @KL Rk i 2 40 . 50 Rk
1) PolyQ & 1 1] 585 %% 55 Al 1 R HAth L PR 2 58 141

BEEMEAER, T ER M3RHEFEL, KIPHEA
o SR A AN L 7 e A T B b 20T AR M BB T, 51
WZARAT MG 1) K A=) ARBF X SBMA Y
iPSCs MNP D) 2 mMN #E47 S g 5t et s M
ALY B, 45 5% B8 LA 7E mMN A 4
WIRIIE L, AT IR AT B8 . DK 2L, mMN
Z DR R 2 A QR 25 5 mMIN 11
ARG 3 AN B 1 A AL R TT RE 5 R 2 A0 AN
], i 2 S AT BB 2 R S 8 2 11 IR A SR AR T
% 5 M L7 T84 1o 114 25 £ « i 5 200 i 1 ol 228, 4 e
{4 RN R 1 B T P g2 B, mMIN AJ BEAE Ab 38 AR
1 2R AT 40 i 17 38 T T RIS @4t e A&
S FVEBRALE IS - B A #2800 A R 2 H
e AR AR 2R 40 (B0 B33 PR R 5l SR 1 Y
YUAIHLA ) AT RERCRIEAL, S R W R AR,

2 BAri&R, SBMA & iPSCs #5745 20 48 5 .
FATHEAT MNP Hh % P20 A 438 5 ke s L 40 it 7
ToERIN, BB mMN A S A7 R ) 40 i %
WAL, iPSCs IR Y32 3l i 28 0 RE I A E AL
A 0 o TR BRARAE , A J5 SR AL I BF 5% 1 25 P E A
PR AR fl R A
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