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The Application of Induced Pluripotent Stem Cells in Studying
Neural Hereditary Diseases
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Abstract The morbidity of neural hereditary diseases ranks first over all hereditary diseases. But till now,
there is no effective clinical therapy for these diseases, and their pathogenesis remains unclear. In recent years,
patient-specific induced pluripotent stem cells (iPSCs) derived from somatic cells have been gradually applied as

in vitro models for the study of the pathogenesis of neural hereditary diseases, drug screening as well as clinical
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applications. Here we review the application of iPSCs in studying neural hereditary diseases according to the latest

research data, and summarize the problems as well as challenges in this field. Establishing of patient-specific iPSC

lines could provide promising future for understanding the underlying pathogenesis of diseases and promote the de-

velopment of efficient treatment strategies in the clinical settings.

Key words

diseases; cell models
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P RGasAL 59 (neural hereditary diseases)
ST TSR ORI A e . A B e
BUR B MR H I LA 2 22 48 D) Re B4 b = 2R R
IR = R IR o K2 BN RGBT 500
FeRERROK, iRk RGN, R ) 4T HLEE AN B
i, FECCIEX IR A 2 W, DR, IR
WG WAy ACHT ) S T 4R R 20064F, Ya-
manakafff 5 /> 411K PY Fft B 5 [A] 7OCT4. SOX2.
c-MYCHIKLF4JL ] 3 N /) Bk 21 4 240, 15 0
DIPRe 21 4 40 i 76 9 F5 0 155 22 fig 1 40 i (induced
pluripotent stem cell, iPS4H ffi). 20074, Yamanaka’|>
AP Thomson/)y 1PV J5 K N 1 4 41 i 5 20 7 A
iPS4i i, 5 MG T 4l g (embryonic stem cell, ES4fl
J{I)AHABL, iPSAR g B A TG B B 58T e ) 2 1) 4y
e fig. 1M H, PS4 v ik T ESA ML R AH G
A B2 R A0 R R T W ) A 2 1 S 5 R R, O A
i A 0 2 RTI PR T A2 = 2 AU R T 25 38T (1) 0T
AR, AL, iPSHIAEE VG Wl o 7R N
TREMEZ I 43 1 WL RN RIG 7 B FU I S, bk
(Science) 2% 1FE N20084F B+ AR FHERE 2 1514,
20094, ThomsonFSvendson/|N2H & VK 5 4 T 1
iz H T RSk i BIWE 5T, 35 7 AHF
16 P UL 25 48 iE (spinal muscular atrophy, SMA) iPS4l
AR, TR T Y A 40 o R R B SRR 42 R
GEIAEE IR0 AN SCH ST Z5IR T 32 4 5Ki1PS
A A0 P2 RGEBAE P T BT . T )
Pl S H R TS .

2 TEEIFSIPSARE 1L A E 2L MA
T SEILBRTPS AN LI N vk e, AU B
% B 2 AP (R 4 Ak FOIPS 41 L 5 1) 5 S 404k AR
IR . A ThRE P A . 75 1R AN £ B
T4 L 5 5 404 A 2 S A (RS o, ESAT 2
H RIS A RN TR . SRR A2

somatic cell reprogramming; induced pluripotent stem cells (iPSCs); neural hereditary

B, ESYH i n] AR i 1775 5 00 A AN [ R AL el 22
Y f. 20014F, Zhang %9 AR IE T — s i & 4k
A% (embryoid body, EB)sk V7 55 75 3K U 28 1i 4
41 Jfd(neural progenitor cells, NPCs)[?] J ¥2:; 20044,
Perrier?54i & A\ ES4I fifd(human embryonic stem cells,
hESCs)RJ LASE [0] 7346 2 Hh i 22 Lk fig 42 955 2005
F, LiISEPHRIEhESCs n] LA SE [n] 7344 4 i 1s 2l fh 48
JG; 20074F 120094, Hu 5P MK ang S5 AH 4R GIE 55 1
hESCsHJ LA [r] 2D S i Joit 40 il 5 1) 73 4k LigsE ik 1
e VR B (¥ SHHANDKK 1 A BASE 7] 5 ‘-hESC-NPCs i)
BRAMAEANZ TTHy-2 AL T RAEM ST il
I TR I, AR ThESC 2R A HAS [ 1) 5 1d p 22 15
FHRAFN, B AT ESU TR R A R 7 1)
PS5

K TiPSZH L S ES A M i = AR RAYE DL A ES 4 L
ARG SE 1755 A A B IR JE R FRE, B 5AN
TFRE T iPSHH I ) fil 22 3 A0 BRI IE 9T, 500 5 2 (R)1PS
0 i A A 22 R SRR BT T 1R B FH 328 T A E 9T
e 20094, Chambers% I IE, i PIFSMAD
T8 2% 410 41 7 Noggin F1SB43 1542 () Bl [A] /7 i 7] £ .
J2 U B 40 10 355 5% 1) 4 AP 5 ) i 3075 < NP S A i
(human induced pluripotent stem cells, hiPSCs) [r] if
Zor 4k, BB s M o 2 M REM &0, [\
4, SoldnerZE I Ny T I 4 A% i (Parkinson’s disease,
PD)FF 5 [MiPSAl L &, JF44 H € 7 - h 2 12
i fE #1 £2 JG. 20124F, Sanchez-DanésZ:!S1[a] I} 7
ST R PR RN S 15t A% PEPD-iPSAR i &R, I R A
JE [0 155 3 04k o B AT B W PDRR R K A ) £ (M IZ g
L TE, A7 ) MR W] T R 48 R G050 R S PS4
OSSR v AR AR SIS R AL, IR AW U0 K
AENLERER AL T A0 A Y . XS T i T, C2511
CHIR99021(GSK3bHi il 7)) MIFGF8(J £T 4k 41 Jf /E
K PR 7-8) AT LA ey A A2 BEhiPSCs ) H i 25 LI g Ao
ZICE M. SongZF T IXRIE T 2 R IE
(multiple sclerosis, MS) U [1iPS4H it 5 nJ LLAS M
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IPSHH i [ 4 28 40 Ji 5 1) 23 A B A IR 37 R B
W SE AT RN T AP 4l R YR B = H AR R
FEXT 5 11 Gl B B 993 e S Ao 28 A 0 P e LA SR A (1)
W, I Hooe ik TESAH M 8t 2 b S 1 AS 22 o)
PRI, iPSHH it U T 1k H AT N P4 R geist
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3 FIMiPSHHBRREI X HZ RS R TR
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3.1 EILFRRIPSYH RS AL TR SR A AL
VTR S PEPS AN ML T 0 A 1 A A

IR, 532 1) G ) 03 A ) 440 20 40 M 43 T LA
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Ik BURIIL ] e 2 5 15 55 S, A
] B 22 R SR AR VR SO ML L FRTUE 9 2R 1)
ZIP R TR R I6 7 07 7 VAR A T AR 1 R K 4
(B 1. HHT, O K SCEINGE T ¢ T-iPSAH i 7/ 4f
2 RGBSR T R (1) e A SCHE A
28 F BRI AR P R A TR e A A A R A [
RN H AT 9y ik, Hh 2 Bk Redh 2 oAz
BN TCIE R AR AL 1 P BB A S 2

301 3 EREAZARENNE R LITENR
FA M AR S T 2 R B R4
T I R R B I8 BhIR R LR AN
LR R, KRR PR, H
i, AATTE 4R B £ A S5 PDR A 9% 1 55 X,
a-synuclein(PAKR1/4)***\,  Parkin(PARK2)*, UCH-
LI(PARK5)P7, PINKI(PARKG6)™™, DJ-1(PARK7)P",
LRRK2(PARK8)*"V% , 5 -1-PD-iPS4H g 151 7 (1) i 38,
WX EEAE S TS IIEMI. 20114F, Nguyen
SELTE N PD-hiPSCsAT A 1 2 B4 I fig i 48 76 1) AR

R1 MERFEEMERFHFIPSARFR

Table 1 iPS cell lines from patients with neural hereditary diseases

RS F AR A M HE PRI (AL L ) EBUN
Disease types Primarily affected cells Gene(mutations) References
Alzheimer’s Cortical neurons; Hippocampal AP precursor protein [18]
disease(AD) neurons Apolipoprotein E

Presenilin 1,2(PS1, PS2)
Amyotrophic lateral Motor neurons SODI1(L144F; G85S) [19-20]
sclerosis(ALS)
Angelman Global(Hippocampal and cerebellar Maternal deletion inherited deletion of chr. [21]
syndrome(AS) neurons) 15q11—ql3
Duchenne muscular DMD(deletion of exons 45-52) [22-23]
dystrophy(DMD)
Downs’ syndrome Global Trisomy 21 [23]
Friedreich ataxia FXN(GAA expansion) [24]
Familial dysautonomia(FD) Sensory and autonomic neurons IKBKAP [25]
Fragile X syndrome Global FMRI1(CGG repeat truncation) [26]

Gaucher disease

Huntington’s disease(HD) Cortical-striatal neurons

Parkinson’s disease(PD) DA neurons

Prader-Willi syndrome(PWS) Hypothalamic neurons

Rett syndrome Differentiated neurons

Schizophrenia

Spinal muscular atrophy(SMA) Motor neurons

GBA(exon 9, G-insertion, AAC>AGC, nucleotide 84  [23
of cDNA)

HTT(CAG repeats) [23]
LRRK2(G2019S) [27-28]
PINKI1(Q456X; V170G)

paternal deletion of chr. 15q11—q13 [21]
MeCP2(1155 del32; Q244X [29-31]
A exon 3-4; T158M; R306C)

DISC1(4 bp deletion at the exon-intron 12 region) [32]
SMNI deletion [33]
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Fig.1 Application of patient-specific iPS cells in studying neural hereditary diseases

KAWYZFRESAT T A1, PD-hiPSCsfiT
A 2 U RE AR 2 T I o- S fili% 25 1 (a-synuclein) B
BT, A AL AL MG-132R16-F2 % ELIZ )
TR AE B 2 AF 9. ByersBIEWF 5T AESE T
KB Sk, AL R ILLRRK2-G2019STEAEHI
o- Al RZ B ] A5 A R RUR PSR AT AR 1) 22 1
Ji e 28 7 T DA Lf SR PD ) A AR I AR o B
1T, LiuZE90% B, LRRK2HE I R A% 2% 5 3 PD-iPS 4
AT A FINPCs A i A% 45 MR AL .

3.12 BEHWZE AR ROV Z R REEMERRA (1)
8 7 L 25 48 i (spinal muscular atrophy, SMA): #
HE PR LS 45 i A2 HHT-SMNE D] 1) 5 58 A48 ol i 2k 58
AR G| RIS B A 2 70 D gk RS B0 ot 2% 1 W e
ML 2245, A NN T4 iR iPS 4 i A5 200 (1 2 —
NG RGBAEYE W . 20094, Ebert P90 57 &
B, 5 IE#hiPSCsH L, SMA-hiPSCsH'SMNZE (A
KIZ A TOAAE R I Rk S HAT Az 3 i
2Tt R AR FUER A I W AR . R T TR E
S, 4T N RN 2 A B 31 55 CLESMAV/D B A
Bk vl EIHSMNZ I (1) 254 nT LLysk > SMA-hiPSCs
FISMNAE [ B2k, —E FE R K ZSMNIT) ik .
20134, Corti %55 R FH e Ik ¥ v I SE A% 1 IR B 4 1E
T SMNEEPR [ FRAEAT 55, IF R IIERE K5 I SMA-

hiPSCsHT A= 1132 AP 2 To AN T IG5 2 115 R0 5
FEPERAL. IbAh, K I ME 5 5 ISMA-hiPSCsfiT
A [RIE B AP 2 TC R AN SMAVI B A& P ] DLZE K
A3 I ORI PR F AL, Oy A0 OB RV I e R BT T B
Jo (NS 4 5 B8 M & B 4k i (amyotrophic lat-
eral sclerosis, ALS): JULZE 4 1 5 i O 2= Bl Ak 0 €0 455
FORNEFI ORI RN, RKIG AL PEALS FE 2t T
SODIGEBE AW AL i) VAPB(1E 5 45 & 1)L
JTDP-43(Tar-DNASS & 4 1) JE K 5248 5 i iz gl f
22 TCIR AR T U LA Z 4 R 5 B . Dimos
SEUVHST. T SODIFER RAZ K ALS-hiPSCsH Y, Jf175
FHAMAIZF M A TT, (YIRS E i &
., 5, Mitne-NetoZ5 4 v T VAPBHE K 58 48 [
ALS-hiPSCsHL L, K I H AT A4 (132 5)) ¢ 48 JTLVAPB
A RIEAK W TR, RUIVAPBILF vl it 5 ALS
PR I R AEF DG i, EgawaZs I 7 T TDP-43
BEPR 5 AR I ALS-hiPSCs A, AU BLHAT A 112
L TERRIL S m/KE AR TDP-43 £ 1, 1 H.
0536 HY — el LY 55 AL SIS B 40 2 70 5 15 2 W i 4.
R S By A RGP R) o

313 AR TRRONZAG G EERRA (1)
BrRFZRAIE (rett syndrome, RTT): FHFERAME A2 HIAL
TXGEOAR b A 455 R 2 MECP2JE R 58
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Jpi ARG ESHN il & AIPSAN AL R . WF5 KB, &
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B A R AR R A S B ETDUER . AR, FEFXS-
hiPSCsH, 848 I FMRIHE R 4f 24 R FFUTER, X 36 Bl
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SEWFSE R BAT 25 5. 20124F, WangZ5 4% BIFMRP
B IR R 25 5 R S Ml 57 T i B S FH A 8 6 B BT
S o LinSEHS P CUE S T FXS-hiPSCsfir 4R 1 2
PPEE TENE Y B A7 R AW AR I Th e 570

3.2 EMZRGIRAMRBAMITIEIGRETT
rh 7 FA i i PS 2 A4 BY

32.1 &MIPS@mIeE A THMIniLE KB R
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I M AR o AR 5 03 R S AP S 4H AT A 1 9 AL ol
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K47 1 (insulin growth factor 1, IGF1)n] LAZEAR ARE
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