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Abstract

successively, which was seen as a great breakthrough in the stem cell field. Somatic cells can be reprogrammed

In the year of 2006 and 2007, mouse and human induced pluripotent stem cells were established

to induced pluripotent stem cells by overexpressing four pluripotent transcription factors. While sharing the same
capacities of self-renewing and differentiating into three germ layers as embryonic stem cells, induced pluripotent
stem cells were derived from somatic cells without breakage of embryos so that they were free from ethical issues
which embryonic stem cells were born with. Besides, cells used for cell replacement therapy could be obtained
from patients, which would reduce the risk of immune rejection to some extent. Induced pluripotent stem cells were
thus broadly applied in clinical researches. Some patient-specific disease models were established and new drugs
were discovered. The first clinical trial of cell replacement therapy based on induced pluripotent stem cells was
conducted in Japan in 2014. Recently, the combination of gene-editing technology and three-dimension culture sys-
tem with induced pluripotent stem cell technology have enhanced clinical applications of induced pluripotent stem

cells. In this review, we aim at discussing the progress and remaining challenges of induced pluripotent stem cells

in clinical applications, especially in diseases modelling, drug discovery and regenerative medicine.
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tive medicine

20064F, Yamanaka Sk 56 25 AE 244N 5 3% K] F
i it B4 B 5% K TOCT4. SOX2. MYCHIKLF4
B I 00 2 SR 0 B AR AT I /)N B AT 24 0 i A i
FKiIK, @#L T /NRE T 2 B8 T4l i (induced pluripo-
tent stem cells, iPSCs). Yamanakath [X] It 5 1 41 fitg
W 1 J6 X Gurdon — {2 3843 1201248 1 DU/R A4 3
SRR AL R 20074F, 3N SEEG E 4 il il i 7R
N (A4 4 B A o Z ik [FIAE 44 R F-OCT4, SOX2,
MYC fl KLF4B4983#%0CT4, SOX2. NANOG F1
LIN285), 757 7 N iPSCs(human induced pluripotent
stem cells, hiPSCs). hiPSCs#fl A 5 i it T+ 4 ffd(em-
bryonic stem cells, ESCs) A #F ] 7> fL.7 &, {HhiPSCs
BRI 9 AN A 4 SR A5, T AN B8 78 2 1) 4
RLRVR, T HANAEAE 5 35 78 R UR L (46 23 i ), I
HFAnr U B3 3 S =4k, frbl B AT
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T SR s B AR B 1S B AR TS T AR R i

induced pluripotent stem cells; clinical applications; disease models; drug discovery; regenera-
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BAERL, BN E T, Ak, A RS BB R R R SR
HAFTE AT ANE S 2 TRz, 85
T LT AN AR S I R R4, iPSCs i) EE
EVEAAE T ES Q. WHEAais, BET A —
Bt DLYR YT BV TT i KA B iPSCSTE— & FR
FEESCsHIE AR, HIZESCSHIFE . hiPSCHIF 4
HES)) 1AL HE 0 BT A S OG HL 2 B R  H I 9
AR TR ) 23T DA B T AR R 2 AE I R
JSLFH )R S, i ELIX R A RN . AR SO
X =7 TH R L e A R AT SR AT AE Bk Rk AT Ak
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1 iPSCsHFHEmmiRal
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1o AR50 120 7K P R 03 15 28 S — 4 (two-dimen-
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Fig.1 A schematic of human iPSC-based diseases modelling and drug discovery
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I % % 99 H, KCNH2(potassium voltage-gated chan-
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EETR(AG14V) AT L RAZ 2 3 B K QT LR A 1k
(long QT syndrome, LQTS)H & 2E. 5 fidt KR Xt 8 4H
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FUL AR FERD . XT — S AR, S AE AR
o SR A, R R R 2R T i AR S 2 . b,
SODI(superoxide dismutase 1)7848 FE ] ALSH I
2 # PARK2(parkin RBR E3 ubiquitin protein ligase)
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(PR, XN, HUR I AD R ERALSS K R
ADA — & WA R, [EINF, A7 — SR AN B A%
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TP PDAE — P AR W O ) A 2B AT MR, 2R
e % M Tt R R0 . T T dr g
Hrigim, PDIEAERCAHE 2 H as BG K (1 £ 48, 1 HoK
H 43 PDHR A& B &k B LRRK2(leucine rich repeat
kinase 2)2E K 552 01947 H 2 IR | 22 Z R (G20199) [
RA S B WL 3 BUR MK R MEPD PA K =ik 2%
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ARG 2 X 70 B0 82 5 A% 1 JISEmC. %
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ok B T [F] — AN B A [FiPSCs be B 1] 2 AT g Xy

A58 4 B 9w 1, A7 AE 73 BE T 11 2 4. CRISPR/
Cas9(clustered regularly interspersed short palindrom-
ic repeats/CRISPR-associated 9)%% A ) J& i 15 3
PR] 4 4 A 4 T B 28, TR T Bl o f I CRISPR/
Cas9B AR NS KA BOR A7 s AT F 8 g 4, KA [F) 2=
PRI 5 A ox HEE, AT R R ATL A AT 5 mb AN (7] 4 i 2% DA
S ANIR] e i 1) 5k [R] 24 3 W 2 Rk iy SR B AT 98+
PU(EI). bt 1 48, A Eow & FISOD AN
FUS(FUS RNA binding protein)#CRISPR/Cas9 % 4t
185 Ja (1 35 7 57 P S Cs R iy [ 5 R i S0 R, SR
BE R RIEALS™ . 7442 3% I ZARNAN 7 J5, 4
B T899 LA, EAR, CRISPR/Cas9
K] G 665 A ATS SR AT AE — LS 138 I A i) R 438, (R
Bt A 12 ST 78 BOUR N, AH N B0 i [ g A R —
M. SR, ik 45 & CRISPR/Cas9E [ 4
ORI AR TT U T R BUR AL R E, H
iPSCs 5, i 7] 22 5 14 1 i A7 SR e et = 20 2 Ak 3R
MATE R, FTETERNIIH TR R A .
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ESCH [FJ sz /DAY, RAFAEMSE. BFTER Y], E o
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T AT B WA 1Z 7T BE 5 Wi 40 10 1 23 A RE 7, XA
LRG3 A o HR U R 4 Jf 28 T, X g A
o5 — 77 W R AR AR R A IRANE B RE
i, KRR MACAZ A B X . AT TR,
XA 10 AT BE RS P A B A A, B4 NESCs Al
iPSCSEE AL 1P B AL R I 1 SR A 2R A, I R [A]
AT BE B R AN 32 B s ma el (B A BTN,
XFE ] e 2 M8 A AN TR SR TR 40 i 1) 70 A 5 AR A
ST 2RISR, TEAS FHIPSCsH I AR R, FTRE T 2
ARG O EAR I, HE AR R b R kA
HIBLAIATS 5 EE 0 — 2D R RE

H AT, K2 BPSCs i A B A 1) 02 4% S 1
2D, 2DIIPSCs AL L) iz ] Tk 5 B 5
PRL 5  PA N 22 8 DRI v 90 (ELARDO T 38 m 1 A=
V) TREARGH M 18] B AL B M3D, H A2 B2
3D 28 B 4 Ak 1 DU 4 (four-dimensional, 4D)A5 %Y
M5, BT A 2D H A7 AE A 2 e AR R I ALY
AT B T AN [F) 2 2 4 ) A B A
A BEAESI A AL T S B A, 2D RS L YF AN RESR
AN B B . IX AT R 2 B Z 3DIR G (1)
R Z 2DAJIPSCs AT AE VAN B E AR iR ) L4 e ify 4F
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TFFE R A AL,

2 iPSCSHTHMF .

L N PIR A I i 4 H 12 8 TR
T BRI AL, AT 5 B4R 30 25 W0 6 77 0 DA Je 24
YITER . W25 TF KB — AR, [FIN 5 2B K
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TR R M A, X 1 BOR 25T K B ROA
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WIREIR, HL90% 33k NI PR 1R 25 7 K e SR A5 41E i,
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AU PR R B VA A S B A A A VG, DA KT LA
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iPSCSTE I K b1 N B AR i fE i ik A
R & W A SR 25 P 1) B 1k (BT . B R
2k b, AT ARG SRS . 1 e, /NG R
A GV XA — Pl B T2 A — e i
FOR R I L SR g, bhdn, XF 3t —1{F 5 iE g kA
FH B T4 AL R Y (A &4 2 4 0
R, LA XY ] Rt AE DA p R B a2
W5 B & # [ (Food And Drug Administration, FDA)#t
RSV FEIX TR % S Ig h, KIEFDA C 24t
HERIZ5 WD 3T D RE, A3 4R K1 I 8] A0 4 B A AL 5,

KA 2 B BIG R BT, thntb &k, 4
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fREIRA, HARTT RO a9 K& EE IH 247,
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S8, ) FHIPS Cs 3 AR 52 B AN A0 G 1 2 7 0 7 A
TAX P HE R AN A B A T [R] — M 2 W I B R
AIREAN[R], FEIRIT AT, AT LA FH A2 R U () 48 Jf kot
YBIT 12 I LA 245 P AT TN B i, AN Tk
BN Z B A A2, MTTIE SRS #EF 2514 B
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AHEC TR, RO e 5 i a2 JU) 2 AN i H I
3G, 18RRIk 2 A B T BT A A Y AR
PEEAT RIS, (BT B ERIEFERA S S
WEAIW R, PO EARRE. T —L
L 28 ar N T Bl F A B ARG Ak B S 1 A R
TG ke, TR BhiEES . ALSAE — Fh Bl 4R & 95 1
IR M 2R AT MR, B TR R Z10% 2 K
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R AEALS 3 f % WK% K] ;2 TDP-43(TAR DNA
binding protein) (1] 5% # 5%, Burkhardt%PH # &
ALS B 1) 2T 4 40 i 5.2 R WiPSCs, JE N H
P99 8 1Y ) pR 22 e A N 4 AR Y, B fS ATDP-43%
R DL ARE, A8 E I AL #s N B shifiik R4, A
1 757 ST S P ik 3 1 DY &4 4n A
HA R [ A0 4 0 0 1) 71 (cyclin-dependent kinase
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inhibitors, CDK inhibitors). c-Jun N-#¢ 5 ¥4 i 410 1
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H1 AN [F) A0 b ehoe o i A BRI AR R A F 1) 22 e 5 /S
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W, hiPSCsHTAE ) JFTF 240 vl LU~ F50000 4> 4 8] J e
AR RE /0 LA K 250 S S ) 7 5

O EEEVE R e Bl ) R R 2 —,
18 B 173 25 R, #E—TRkiEH, Liang
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Fig.2 A schematic of human iPSC-based cell therapy
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