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Using pluripotent stem cell technique to study and

treat aging-related diseases
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Abstract: Aging is a complex biological process, embodied by functional decline of organs and tissues, and the
increasing risk of aging-related diseases. Pluripotent stem cells (PSC) including embryonic stem cells (ESC) and
induced pluripotent stem cells (iPSC), have the capacity of self-renewal and to differentiate into multiple types of

cells. The blooming PSC technologies open up a new prospect for studying human aging and aging-related diseases,
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as well as developing relevant treatment. Additionally, gene editing techniques provide the feasibility of intervention

of aging and age-associated diseases. Development in individualized treatment of human aging based on stem cell

and gene editing techniques has broad scientific significance and social value.
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B 2015 4, P E 60 5 AR AR R 2.2
¢, dEE16.1%. BRI, HE A H 2R
IR IEIZ B IR . HUARZA R O M B FE IR
T FH A 22 IR AT P 500 S V1 2218 1 5 i 114 S 3505 [
7 W R A 2 N O AEE R, T
et E R R 25 RIT S 2 07 AR
HIAH . =2 R FE S A R T
X 2R — AW BRI, oA Aa T
FEEM KRG, LT 2 AR SE LA e Z 0%
TR R AR

WEETRME TR, AaaIUENIES.
it Ine K A RAT RS R . BEAE AR A A
B S5EER R, NI ZE KHVSA TYI8
FIA . FZAY I EERH AL, BIFET
{6 18 (programmed theories) A1 451 1% 21 18 (damage
or error theories). FEFFALIBIANN, HELLgEE JE A
2 RRE W ERKEEIRMFEES) ). Wt
PR 55 A AP PRI R 3106 BOA WL 1 I AR 2R 02
M EEFEEH P,

Z e T4 2 48 B B R H A4y 2
41 T e R R 4 SR R, B EE IR I T 40
(embryonic stem cell, ESC) F1i5- 5 2 G T4} (induced
pluripotent stem cell, iPSC). ESC & & i #. 5) ¥ %&
JVR PAY 248 L 4] SR A5 B — A A4 A1 B R 8 1 B i
FI4H L s iPSC =2 Fi K o7 E I e s IR 1 AR 4 i
JE 355 AR ) — R AT 2 0] 24 e R G PR M B R
JIHI4RH B, BT iPSC R B B S R i
B, R 7R R AR EEE S, w5
WM AR, FHAE R SN2 S 1)
HERE SR, iPSC MATAEYH T M HEIGIT
IS 7T T AR S A AL i SR (1) S e 1 R IO o [ U
TRZ LT 1PSC A PR BE ) 2 56 150 R MR A TR T
B # KRR B 70 A RN FH (B 30T 4 5K,
IPSC 5 155 A [ A o A3 ik e i i, RS A1 2
LT 2 DR M R (IR A R G R
i IR FR G855 AR RGEIRAE N ) 2
iPSC R FCRERL 1%, SO I SR T 2 b T At a1
A FANG T B3P0 DL LA 23R AT P50 (1)
FRIFLRIA

1 FHAZEMETARARALRERE

—HELK, BIERNEEEIREE, Zh, R
g AR AT R EZR Y E . BT
NRIEBE T 5t ZE NG5 IR ST S
B EMAAAEZ 5, DR SAEY) O R 3 2 A1)
EEMIEFLTCE LSRN A T B IR N3 8 T B A R
BRI FALER, WICE N8 S B IR 1
TR HE R sEhs M SR, AREEZR—ANE
ARPIEKERE, HZRT NSRRI 557
ERAE I, LG TN R AR 05T
BAMERER, FEN KA. t, BT AL
I A F T LN SN i 5 22 M o R Btk X A 7
AAERIE L.

RS 45 ) L2 5 38 0E (Hutchinson—Gilford
progeria syndrome, HGPS). Werner %3 & {if (Werner
syndrome, WS) 1 Cockayne [KZEAIE (Cockayne syndrome,
CS) % 1, Frh HGPS J& — i WL i 5 e (o i (2 1k
WAL MW, LR LMNA C1824T RAFI . X
FhRAZ 5| A% 41 J2 85 E T4 (Prelamin A) [ 7 55 5
P, ARG 50 S E LR 18U RATR, BN
Progerin. Progerin [] 52 3 51 EC 4 A 1% i 45 74 57 5 5
SN XML R U7, 2011 48, Lin 25 U A
Zhang %5 " 53 53] iy oHs HGPS 5835 (1 B Jik i 2F
Y 41 i E 4 A2 A iPSC,  JFE7 T HGPS-iPSC J5
Wi, LMNA 2[R 75 iPSC /KPS P1LER, HEYmfE
A AR B A 5 2 R B, BRSO E 1 HGPS 6B
Rz R EE R R IBAE SO EE R %I 1E . HGPS-
iPSC & [ 5 3 73A  LAE 10 JUL 20 PR AN s 21 4 4 i
J&, Lamin A J¢ H R4 ) Progerin B H & ik, [F
INF o 20 it R I H i 3 2 R AE . k4R, Liu
SR KU DNA U A 3 IO A4 7 (DNAPK es/
PPKDC) 5 Progerin A H.{F ], Progerin ] 2 1 5]
&2 DNAPKes ¥ N il JF i K il i & 2, s T
HGPS 35 K A 30 ik ks B 45 40 1R 248 Bl 22 2+ RS it
BJ5, Liu % " R B HDAAV A1 5 1) 5 DR 7] 2 5
HAR, 15 )L R FEAEM iPSC H R Ih s T LMNA
C1824T [ #E M Hr 1E, 2 2L K B IE 1) HGPS-iPSC
WHEE N R IME UGG, 50 R ARk
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(Rl =A% 7= W) Progerin & 1V 2%, I ~F- 5 LAH AR Pk
HRERE. FRUF )L 380 188 2O I A
ST TRRE T B 7 8 i) SR me AT L

Werner Z5-E1iE A2 HH WRN FE DR 98748 it 5 3501 e
AR R N, HE R IGIRATE e
7, R Z R R 2 2N, IR
PRIFBAE A RUHRIBAT IR « S R IK 1 i LA 2245
HIRGRA . SHBKSEREREL AN ) FRESE P02, BT
WS 35 11 PR 3 AE A0 AR B 52 22 3 2+ 4 2840,
ER Ut WS B\ A it 98 N 8 AR 3 30 52 1) o A 0
Wiz —. KEWFRE, WRN 25 DNA &
e P ik 4 AR B R R A AR e
o0 it J A o) B S 2 R Ay PR B 4. 2014 4,
Cheung % *7 I Shimamoto &5 P % /> it 37 1) [4] b\
43 @377 WS-iPSC #E7 , WS-iPSC 5 [i] 4 14 3k
73 B8] 78 03 T 40 SR I H — R A 3 2 R 1Y,
AR IRLAE A0 P16, P21, P53 )ik, 2015 4,
Zhang % P @ 3 3 [K g 4 AR 7E N ESC A RIS
LT WRN EF sk R RAR, ok e m 5% 5 ik
1T WS-MSC. XL RLEESE MSC RILH W JE
A SRR R A, WRN E A F
Yeft i 4R 1 SUV39HI A1 HPL L2 T— A EH
RE G, ZE A A YRR Y 5 R e 1 LA
F A MSC 52 1E o % TAFIE B 5 4 (057 11
GERR T A N 2 IR Sy 2 — o B )
TS AR T R A ) 2 WL B e 22 A SR8 B0
HLER B SR it 7 HAR I &, S N ) 3R
& ()T T 2 290 IR R BRI T BB A4

2 FAZEEMTHBARMET ALBER
TR

WL MR EEFR . —. MEFRT
B, i NTETEE. RS E EY A R
ML sl REARE RS, 40 RSH7. DNA
45 LS SR AR e VE SR, IR SRRt — 2P
S SOPLAAR A B T B8 1 B2 AN S Bk i3 m 1,
PR IRAT R & — R N AR IR AT M,
TG BT IR PR MEER T (Alzheimer’s disease, AD). 1H
4 #% IKE (Parkinson’s disease, PD). L 2= 4 P4 ] %
i1k 5 (amyotrophic lateral sclerosis, ALS). = L i
J#i (Huntington’s diasease, HD). [ A & DL A 48 i i
T DA 55
2.1 MHEFRE

M 4 A% IRUE (PD) A2 5 32 B UTA G i A 284

2 RGBT . ZRAN RIS AL RS
S, HEHAE R ik, AN IhRe
FEEA B E R G R PV, PD 5 B AR AE
A& R8T B X % 8 BE i 4 UG (dopaminergic
neurons) [N INAEFEIR . BH WD EIET:, B 5 /MA
= A2 . 5%~7% BIMA 4 A% IORE 5 1% A %,
PR IERELHE o- A% 5 A (alpha-synuclein, SNCA).
B R E A0 2 (leucine-rich repeat kinase 2, LRRK?2),
PARK?2 (Parkin) LA %z PTEN i% 5/ 1 PTEN-induced
kinase 1, PINK1) 2% B,

& 2 % B B 2 (leucine-rich repeat kinase
2, LRRK2) & & N W] DU SR AL PD (1 2
Mg AR FE A, 2011 4E, Nguyen 2 P2 315 T #% 4
LRRK2G2019S 748 {1 PD % iPSC, 44 3 & 11
FEEOUNZEREREMS . FIFZE R, IR
I 1PSC AT A= [ 4 28 70 HH D B 1 A1 I 385 IR DA e
o- FMAZ R A L, WUE T SR T 2
PD [HEEEUE K Z . 2012 4F, Sanchez-Danes 24 7
7E LRRK2G2019S-iPSC 5 F 77 4 1 £ EL g re i &
JCYN M P B T SRR, (R R I N i 1 T
SR AW/MEE, BER T E R H L A% UE
FO MLEE o T AEAE . 2012 4E, Liu % ™ R A
iPSC Al ESC 1k % 3k 3 7 LRRK2G2019S ) £ [ %
At & e UL R ph & / AT iR 4n i, R A HDAdV
I G R G 8 4 R R4S 7[R LR B (isogenic) )
J& LRRK2G2019S A Xt B4l fe. T PD &KW
FAERE 2R O, SRS 4005 22 A OC I Rk 1,
Liu Z57E 4R AL (suboptimal) 44 4h 5% 3244 & X6k 4H
MREAT B SO AN (81 2 IRAEAR. ZERER,
LRRK2G2019S 1 £+ / Fif 4 41 ffg e 2 11 I A 401 £l
FIE] S 1) 20 PRI SRR 5 I HLBE A AR AME AR
4 %, LRRK2G2019S #1148 / | 74 40 i 128 3 &
Bl LRRK?2 R AR 16 85 AR 030, LLEOE
B 38 A A AR 2 TC B I I PRI, R BE B A%
TEA IR o X FRAZ LSS K4 (1) U 7E PD J55 1 (1 44
2T R4 XA URAE, 78 LRRK2 RAF 5] #
P28 2 R R R T B A S PD 53 1 - b i
Y. FIHZMAE R, Liv SR8 7] 2 f# PD-NSC 7
WRNS THEY . ERVIFTIEY TR T AL
RET 41 M A 28 T J 1 N 252 52 M DR BB BF FE AV AT
DIESE EL RN R 2, 3 e A BT B ML 1R R
PITHE-T 5 5K, R e RE e R AL 2 i
HEGE AL T AT RE .

SNCA 72 55—/ R I Gk B AR 8 AL K
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JEPE PD BRI . H AT C % E R SNCA fiRA
FHAH AS3T.A30P.E46K K H50Q %5 P, 2013 4,
Chung % " s 23R 15345 15 SNCAAS3T JAL M) i
iPSC. JE A 73 AT A5 I 4 42 0 24 i 3 T S I A e 1
1 (nitrosative stress), N Jii (X #H 5 & filt i< 9 (ER-
associated degradation substrates) [£] & F2 35| & P Jfi
W 3R S (ER stress). /N5 24547 NAB2 Ab# 1]
PAZEf# R KA 5y — U 7 K I, SNCAAS3T #if
£ 70 MEF2C-PGCla 5 5l 4 2 5 R 4 b4 1)
Ae 2 AL MR T, T e Ak B RT DU RO
MEF2 #3%, il SNCAAS3T 4 ot Kk A
7=, Devine 2 " F1 Byers 25 P 73 5|37, 7 SNCA
=¥ N EHE [ PD-iPSC w5 A, FEERINEIL 1
Z Rt & TT R EER AL

5 DR [ 20 R R T A O B2 R (R B L 45 & O PD
ORI O BF IESE At T AT B Soldner %5 B i i £
FEHZ R W VI (Zinc finger nuclease, ZFN) 41 5 [ 3
IR B 1) 2 4 5 R AE N iPSC /KPR BN B IE T SNCA
5878, Liu % ™ il it HDAAV A 5 (13 5] 4 4 45 R
JRALHFIE T LRRK2 RAL ., FHONE )2, shihk
W AS AR SEAR 3k — 2DAIE S 1 40 V6 97 i <8 AR FORE 1Y
A AT P, Rhee 2 P14 iPSC 52 14 43 b T B 10 2
U2 1 B 282 70 41 R % L 3] 52 40 1) /s BRSOHR A i X
mf, PR T Hag s SR, [FFE, Sundberg
2 B4 NCAM+/CD29low 4 il B AE FI| 6- 2 1115
SN A 16 JH 5, Sk E T HisshUige.
2.2 FA/RKIGERICIE

R 7R PRI ER FGRE (Alzheimer’s disease, AD) J&—
PP R AT YR . R R RAEATE «
YT B PN PR 2 2 4 1) S g 2 DL R A E R R B AR
H (amyloid B, AB) FI 5. Ak M =12 FH,
EEXE AD AR R FE R i AL BRI FUELAS T VR 2 R
PEERE M. S AD B B % & [ (presenilin,
PS). VEMFERTA A (amyloid precursorprotein, APP).
# e 5 A E (apolipoprotein E, APOE) %5 {3 3 [X] [
RAFTIE K. BhAk, 2011 4F, 2 EFRF K RO
RINT 5 AD AHSCHEHTEEDE, 43019 ABCAT, MSAAGA/
MS4A4E. CD2AP. CD33 Al EPHA1l, XA AD [
WEFEREITIRME TR IR M5 BalMsa irm
AP ANGIT AD, JET Z 86T 40 fL i) AD 5
IR AR T B B . 2011 4E, Yagi & Y
# G 7 3L T PS1A246E 5 48 F1 PS2N1411 58 4% )
iPSC, FFAEH € W] 734k B 22 o 40 i o i I Ap42
o W3 22, AR AR ZR b y- 40 WA A A1) 77 XS

ABA2 AL AMEIIRAFIRAUE, $Ea T HIBE 25 H
Ai5t. )5, Koch % ¥ #5371 PSIL166P 275 ff)
AD Z g T4 B Ji ik &, IF K I AE R K 4
9 25 6 A RUBF AR 0 4 o0 40 i TR AB42/40 11 LE .
Woodruff 25 U 43 5| 4 57 7 PS1AE9 %248 [f] AD £
ReTAMOE A, FEER 1% R AR K2 PST FIH8 T
y- S UAER AR O TR, A H S y- WA A
KIITRE.

APP FER AL 5 AD KA YIM K. 2012 4,
Israel 25 ¥ @ 37 7 APP % 4% 1 iPSC #:i % (APPDp-
iPSC). ¥4 APPDp-iPSC 7 [F] 73 fk. 4 #f 48 70 48 il J5
KIL, AR (1-40). BEERALIT) Tau 8 1 LA BE (15E
Jii A K B I B -3B (active glycogen synthase kinase-
3B, aGSK-3p) & AD AH R H bR i M) R 1A
We A B o WABEI I A BRI, BERRAL ) Tau &
I FIRE 57 BB -3B 2 2 kb . X HER T APP
(10 T3 F2 A GSK-3B 113 LA S Tau &5 [ (1 5% %
RN EHEE R 2013 4, Kondo 25 ™ 7F APPE693A-
iPSC & [ 7 LA & e i i R B AB IR EEY), K
HoalE W ph 2 T0 E J A AR R, 9 B
Z+ BRI NIEIE (docosahexaenoic acid, DHA) fE
M fRIX T AR KRRV RERBIRMIE ). B2,
% P AD-iPSC 573 A5 8 (1) 2 S A A Bl T i Xt
AD KA R LS ER AR, O R BT AR T
AD [ B 28R4 7 BAR I & Y
2.3 AEHEMREELE

ALS FEEH AW . T FE8m L TiE
N TCIBAT MR AR 51 L ) — P 3B AT M
H A A 5T R B, 4 B A A W A B (Cu/Zn
superoxide dismutase, SOD1). C9ORF72. A Bi%
SV DNA %542 4 (TAR DNA-binding protein, TARDP/
TDP) & () B [H A2 5z % UM OC . BRI 2K
ALS HfE it sl 1 W ik, (IS5
WL AN, Sk Z A RE T 7125

2014 4E, Chen %™ #il{E T SOD1A4V 11 SODIDY0A
FES ) ALS-iPSC 4H il & , H-4 H o€ M ik g 3
1 2 JC (motor neuron, MN), ZR74% ] SOD1 5 ##i £
22 (neurofilament, NF) V. & NF-L [fj mRNA 3'UTR
iy, BRK T H mRNA fa e, ML il
] < T B MN w8 22 g 45, {E SODI1 5275 (1)
MN HR S5 3R1K NF-L, 7] LAZZAR NF R & FIHPE 5
BB R I . Kiskinis 25 B 2547 FH 40 i A
N E AR KB, SODI EEAKRE LSS
MN S AL SLEORT P 5T X 238 2R PR T RE R AL M
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P M 32 B 4. 2015 4F, Tsobe 25 BV g 37 7 ANF
SOD1 4% (A4V. G85R. G93A) [f] ALS NEEfR
T-AHRARAY, I S SRS MN 28 S i 1)
KA, HRIIARFE SODI 23525 R1 ] ALS-MN
XTI BURPEA R . AT T MN X241
RN ZE S 0] 6 SOD1 RAE 5| 2 ¥y ALS #4773 2K,
I LA 58 25900 AN PR ARG PR SIS

C9ORF72 /5% H R B E ¥ 5K (hexanucleotide
repeat expansion, HRE) /& ALS Fliiy4i % (fontotemporal
dementia, FTD) ixX A Fifds i EE 2285055 (K1 25 . Haeusler
2 DU LRI, CIORF72 ST R E R ik
A] 5|2 DNA F1RNA JE Y T G- PUIAA (G-quadruplex)
M) A5, SRR )R D Re, Ik ILAE
ALS-iPSC 734677 £ 1) MN 1, #ZAZE E 7r i T %
MM, XU Fi 7~ T HRE A GEgg i 1 % 1R
KA E AR EE DR, M 5] R % s .
Almeida 25 PV ¥4 COORF72 7N ¥ H 1 5 2 ¥ mik 1
000 (1) 5835 K2 Bk i 21 24 4 i 175 5 7 4E iPSC J& MIN,
RILMN P RNA RT3 40 EE 12 ALS
FTD [WEZEFHKE . 2R HIER, &%
FR 45 B2/ COORF72 BEE Y 5K 51 #2110 ALS &Y,
FLFEAMAZ P RNA FIREE. RNA 5 E AR
S BRI ) SR A DL R SR M A B T AU
@E‘ﬁ% [58-59]0

Egawa £ ) #2371 TDP-43(TAR DNA-binding
protein 43) AN [F] 28 48 (Q343R. M337V F1 G298S) [
ALS-iPSC #tiffd, I H 7016 ALS-MN, ALS-MN
FILH TDP-43 S 4. MR filiBb. AR
BURSE— RPN R . PR ZERITFEAY
T R I, ZHER [ TR RS WA 77 RE 08 J 2% ALS
B Z LR R H B . Burkhardt 25 Y 36§
KA ALS F=AE T AR iPSC A2 MN, & 50 A0 45 Hh =
FEAE N BV F LA Y Re G B SR IE s 4 ot R
TDP-43 ()5 £, Serio 2 ) #£ ALS-iPSC 5 [f1] 7 1,
()T I 5T 48 i AR R R AT 7O R R, KR
TDP-43 4 7 i #Hh EiREMELE, TDP-43
()0 40 B 7 H BB i, AR PRSI R R
2.4 FREKHE

= {2 [CRE (Huntington's disease, HD) J& — Ffi
R AR AR R AT R, S g AR
= 4L 4 B K] (Huntingtin, HTT) ] CAG = A E &
JIr3E8. Z2# U1 CAG FEHTT & H N i 4 2 Btz
FAL (polyglutamine), 521 2 H 1 IR 3T B T 5]

ALIZE AR R, SRR LORE A sET: .
2011 4F, Camnasio 25 Y #2577 HIT 4i& &9
A7 [f) HD-iPSC. A i & RUEW] 1, f£ HD-iPSC
LRI 2 4 i A B AT Ve R 2 . 2012
4, NINDS (National Institutes of Neurological
Disorders and Stroke) #f 5% fr HD-iPSC Hff 5% ¢ i 2
ST AN DU CAG A 1) HD-iPSC'™. 4k —
W R E T AN P4 ey, I HD-NSC ()
B HRIEE S0 R B AE, CAG # 1
Hoim, ZRBEE, RN EEEH RS T/ #
PEAR R BBURR . HD #1228 S0 40 f 3= B H 5 92 995 A 5% 1)
A, BFEFEATRE . MR, ARG
B34k

3T HD-iPSC [T 78 08 = S WU KR 77 $2
THZHEMERNGE. 2012 4, An 2 R H K
HA NS BT I T HTT B2 1) CAG £ #% D1
KA. KRIEJG HTT MHRHE Sl B E B, 6
M YR A 228 IR K 1 (BDNF) [P s34k
RN ReshIE SRR AHRAE TR 55
3 RE

BEAE N L2 WA IR, 38 2 AH 50 1)
RIFFRBEZETE, X EE T N ER AR
it AT A R A N 9T 5 N3
SR AN, R FUREE M SRR B AR LB
KTEEG, MOANNNTHEEE. WRAGST ZHEMT
PR R T AR, — 71, 4RSI g 7R A
FNEIFEL NFEEMRB Gt 7B R,
TFAER MR B IR iR BT L
RPN O A RE. 7 —J7 1, BT+
AR AL IR /N 73 29 W 08 9 38 3 AR R BIR  T
TPt 1 5 i g . BRm,  BE P g RO AN T4
MBI LGS & 7R 1 a) B 1E 3500 2 A
AGIEIT )RR AT 5t IR L8 HOR 18 FH 5 2%
SN TEE B FEAL AN A & 2B T2 ) R

(& % X W

[1] Lopez-Otin C, Blasco MA, Partridge L, et al. The
hallmarks of aging. Cell, 2013, 153: 1194-217

[2] Jin KL. Modern biological theories of aging. Aging Dis,
2010, 1: 72-4

[3] Takahashi K, Yamanaka S. Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast cultures
by defined factors. Cell, 2006, 126: 663-76

[4] Takahashi K, Tanabe K, Ohnuki M, et al. Induction of
pluripotent stem cells from adult human fibroblasts by



£y

HITENS, 2 A2 RETARRBOR BT FURNA T 3R E AN IR

893

(10]

(1]

(18]

[19]

defined factors. Cell, 2007, 131: 861-72

Fu L, Xu X, Ren R, et al. Modeling xeroderma
pigmentosum associated neurological pathologies with
patients-derived iPSCs. Protein Cell, 2016, 7: 210-21
Duan S, Yuan G, Liu X, et al. PTEN deficiency
reprogrammes human neural stem cells towards a
glioblastoma stem cell-like phenotype. Nat Commun,
2015, 6: 10068

Ding Z, Sui L, Ren R, et al. A widely adaptable approach
to generate integration-free iPSCs from non-invasively
acquired human somatic cells. Protein Cell, 2015, 6: 386-9
Liu GH, Qu J, Suzuki K, et al. Progressive degeneration
of human neural stem cells caused by pathogenic LRRK2.
Nature, 2012, 491: 603-7

Pan H, Guan D, Liu X, et al. SIRT6 safeguards human
mesenchymal stem cells from oxidative stress by
coactivating NRF2. Cell Res, 2016, 26: 190-205

Pan H, Cai N, Li M, et al. Autophagic control of cell
'stemness'. EMBO Mol Med, 2013, 5: 327-31

Liu GH, Suzuki K, Li M, et al. Modelling fanconi anemia
pathogenesis and therapeutics using integration-free
patient-derived iPSCs. Nat Commun, 2014, 5: 4330

Xu X, Duan S, Yi F, et al. Mitochondrial regulation in
pluripotent stem cells. Cell Metab, 2013, 18: 325-32

Liu GH, Suzuki K, Qu J, et al. Targeted gene correction of
laminopathy-associated LMNA mutations in patient-
specific iPSCs. Cell Stem Cell, 2011, 8: 688-94

Liu GH, Ding Z, Izpisua Belmonte JC. iPSC technology
to study human aging and aging-related disorders. Curr
Opin Cell Biol, 2012, 24: 765-74

Liu GH, Barkho BZ, Ruiz S, et al. Recapitulation of
premature ageing with iPSCs from Hutchinson-Gilford
progeria syndrome. Nature, 2011, 472: 221-5

Burtner CR, Kennedy BK. Progeria syndromes and
ageing: what is the connection? Nat Rev Mol Cell Biol,
2010, 11: 567-78

Worman HJ, Ostlund C, Wang Y. Diseases of the nuclear
envelope. Cold Spring Harb Perspect Biol, 2010, 2:
a000760

Eriksson M, Brown WT, Gordon LB, et al. Recurrent de
novo point mutations in lamin A cause Hutchinson—
Gilford progeria syndrome. Nature, 2003, 423: 293-8
Sandre-Giovannoli AD, Bernard R, Cau P, et al. Lamin A
truncation in Hutchinson-Gilford progeria. Science, 2003,
300: 2055

Zhang J, Lian Q, Zhu G, et al. A human iPSC model of
Hutchinson Gilford Progeria reveals vascular smooth
muscle and mesenchymal stem cell defects. Cell Stem
Cell, 2011, 8: 31-45

Cheung HH, Pei D, Chan WY. Stem cell aging in adult
progeria. Cell Regen (Lond), 2015, 4: 6

Goto. Werner syndrome: a changing pattern of clinical
manifestations in Japan (1917-2008). BioScience Trends,
2013, 7: 13-22

Croteau DL, Popuri V, Opresko PL, et al. Human RecQ
helicases in DNA repair, recombination, and replication.
Annu Rev Biochem, 2014, 83: 519-52

(24]

[25]

[26]

[29]

[30]

[34]

[33]

[39]

Edwards DN, Machwe A, Chen L, et al. The DNA
structure and sequence preferences of WRN underlie its
function in telomeric recombination events. Nat Commun,
2015, 6: 8331

Rossi ML, Ghosh AK, Bohr VA. Roles of Werner
syndrome protein in protection of genome integrity. DNA
Repair: Amst, 2010, 9: 331-44

Saha B, Cypro A, Martin GM, et al. Rapamycin decreases
DNA damage accumulation and enhances cell growth of
WRN-deficient human fibroblasts. Aging Cell, 2014, 13:
573-5

Cheung HH, Liu X, Canterel-Thouennon L, et al.
Telomerase protects Werner syndrome lineage-specific
stem cells from premature aging. Stem Cell Rep, 2014, 2:
534-46

Shimamoto A, Kagawa H, Zensho K, et al. Reprogramming
suppresses premature senescence phenotypes of Werner
syndrome cells and maintains chromosomal stability over
long-term culture. PLoS One, 2014, 9: €112900

Zhang WQ, Li JY, Suzuki K, et al. A Werner syndrome
stem cell model unveils heterochromatin alterations as a
driver of human aging. Science, 2015, 348: 1160-3
Badger JL, Cordero-Llana O, Hartfield EM, et al.
Parkinson's disease in a dish - Using stem cells as a
molecular tool. Neuropharmacology, 2014, 76 Pt A: 88-96
Spatola M, Wider C. Genetics of Parkinson's disease: the
yield. Parkinsonism Relat Disord, 2014, 20: S35-8
Nguyen HN, Byers B, Cord B, et al. LRRK2 mutant iPSC-
derived DA neurons demonstrate increased susceptibility
to oxidative stress. Cell Stem Cell, 2011, 8: 267-80
Sanchez-Danes A, Richaud-Patin Y, Carballo-Carbajal I,
et al. Disease-specific phenotypes in dopamine neurons
from human iPS-based models of genetic and sporadic
Parkinson's disease. EMBO Mol Med, 2012, 4: 380-95
Chung CY, Khurana V, Auluck PK, et al. Identification
and rescue of a-synuclein toxicity in parkinson patient—
derived neurons. Science, 2013, 342: 983-7

Ryan SD, Dolatabadi N, Chan SF, et al. Isogenic human
iPSC Parkinson's model shows nitrosative stress-induced
dysfunction in MEF2-PGCla transcription. Cell, 2013,
155: 1351-64

Devine MJ, Ryten M, Vodicka P, et al. Parkinson's disease
induced pluripotent stem cells with triplication of the
a-synuclein locus. Nat Commun, 2011, 2: 440

Byers B, Cord B, Nguyen HN, et al. SNCA triplication
Parkinson's patient's iPSC-derived DA neurons accumulate
a-synuclein and are susceptible to oxidative stress. PLoS
One, 2011, 6: 26159

Soldner F, Laganiere J, Cheng AW, et al. Generation of
isogenic pluripotent stem cells differing exclusively at two
early onset Parkinson point mutations. Cell, 2011, 146:
318-31

Rhee YH, Ko JY, Chang MY, et al. Protein-based human
iPS cells efficiently generate functional dopamine neurons
and can treat a rat model of Parkinson disease. J Clin
Invest, 2011, 121: 2326-35

Sundberg M, Bogetofte H, Lawson T, et al. Improved cell



894

G gEEd

F28%

[44]

[45]

[46]

[49]

[51]

therapy protocols for Parkinson's disease based on
differentiation efficiency and safety of hESC-, hiPSC-,
and non-human primate iPSC-derived dopaminergic
neurons. Stem cells, 2013, 31: 1548-62

Huang Y, Mucke L. Alzheimer mechanisms and
therapeutic strategies. Cell, 2012, 148: 1204-22
Hollingworth P, Harold D, Sims R, et al. Common variants
at ABCA7, MS4A6A/MS4A4E, EPHAL, CD33 and
CD2AP are associated with Alzheimer's disease. Nat
Genet, 2011, 43: 429-35

Naj AC, Jun G, Beecham GW, et al. Common variants at
MS4A4/MS4A6E, CD2AP, CD33 and EPHAI are
associated with late-onset Alzheimer's disease. Nat Genet,
2011, 43: 436-41

Yagi T, Ito D, Okada Y, et al. Modeling familial
Alzheimer's disease with induced pluripotent stem cells.
Hum Mol Genet, 2011, 20: 4530-9

Koch P, Tamboli 1Y, Mertens J, et al. Presenilin-1 L166P
mutant human pluripotent stem cell-derived neurons
exhibit partial loss of y-secretase activity in endogenous
amyloid-p generation. Am J Pathol, 2012, 180: 2404-16
Woodruff G, Young JE, Martinez FJ, et al. The
presenilin-1 6E9 mutation results in reduced y-secretase
activity, but not total loss of PS1 function, in isogenic
human stem cells. Cell Rep, 2013, 5: 974-85

Israel MA, Yuan SH, Bardy C, et al. Probing sporadic and
familial Alzheimer's disease using induced pluripotent
stem cells. Nature, 2012, 482: 216-20

Kondo T, Asai M, Tsukita K, et al. Modeling Alzheimer's
disease with iPSCs reveals stress phenotypes associated
with intracellular A and differential drug responsiveness.
Cell Stem Cell, 2013, 12: 487-96

Muratore CR, Rice HC, Srikanth P, et al. The familial
Alzheimer's disease APPV7171 mutation alters APP
processing and Tau expression in iPSC-derived neurons.
Hum Mol Genet, 2014, 23: 3523-36

Yahata N, Asai M, Kitaoka S, et al. Anti-Af} drug
screening platform using human iPS cell-derived neurons
for the treatment of Alzheimer's disease. PLoS One, 2011,
6:¢25788

Xu X, Lei Y, Luo J, et al. Prevention of 3-amyloid induced
toxicity in human iPS cell-derived neurons by inhibition
of cyclin-dependent kinases and associated cell cycle
events. Stem Cell Res, 2013, 10: 213-27

Thomsen GM, Gowing G, Svendsen S, et al. The past,
present and future of stem cell clinical trials for ALS. Exp
Neurol, 2014, 262 Pt B: 127-37

Chen H, Qian K, Du Z, et al. Modeling ALS with iPSCs
reveals that mutant SOD1 misregulates neurofilament
balance in motor neurons. Cell Stem Cell, 2014, 14: 796-
809

[54]

[55]

[58]

[62]

[63]

[64]

[65]

Kiskinis E, Sandoe J, Williams LA, et al. Pathways
disrupted in human ALS motor neurons identified through
genetic correction of mutant SOD1. Cell Stem Cell, 2014,
14: 781-95

Isobe T, Tooi N, Nakatsuji N, et al. Amyotrophic lateral
sclerosis models derived from human embryonic stem
cells with different superoxide dismutase 1 mutations
exhibit differential drug responses. Stem Cell Res, 2015,
15: 459-68

Haeusler AR, Donnelly CJ, Periz G, et al. C9orf72
nucleotide repeat structures initiate molecular cascades of
disease. Nature, 2014, 507: 195-200

Almeida S, Gascon E, Tran H, et al. Modeling key
pathological features of frontotemporal dementia with
CI90RF72 repeat expansion in iPSC-derived human
neurons. Acta Neuropathol, 2013, 126: 385-99

Sareen D, O'Rourke JG, Meera P, et al. Targeting RNA foci
in iPSC-derived motor neurons from ALS patients with a
CI90RF72 repeat expansion. Sci Transl Med, 2013, 5:
208ral49

Donnelly CJ, Zhang PW, Pham JT, et al. RNA toxicity
from the ALS/FTD C9ORF72 expansion is mitigated by
antisense intervention. Neuron, 2013, 80: 415-28

Egawa N, Kitaoka S, Tsukita K, et al. Drug screening for
ALS using patient-specific induced pluripotent stem cells.
Sci Transl Med, 2012, 4: 145ral04

Burkhardt MF, Martinez FJ, Wright S, et al. A cellular
model for sporadic ALS using patient-derived induced
pluripotent stem cells. Mol Cell Neurosci, 2013, 56: 355-
64

Serio A, Bilican B, Barmada SJ, et al. Astrocyte pathology
and the absence of non-cell autonomy in an induced
pluripotent stem cell model of TDP-43 proteinopathy.
Proc Natl Acad Sci USA, 2013, 110: 4697-702

Ross CA, Tabrizi SJ. Huntington's disease: from molecular
pathogenesis to clinical treatment. Lancet Neurol, 2011,
10: 83-98

Camnasio S, Delli Carri A, Lombardo A, et al. The first
reported generation of several induced pluripotent stem
cell lines from homozygous and heterozygous
Huntington's disease patients demonstrates mutation
related enhanced lysosomal activity. Neurobiol Dis, 2012,
46: 41-51

Consortium HD. Induced pluripotent stem cells from
patients with Huntington's disease show CAG-repeat-
expansion-associated phenotypes. Cell Stem Cell, 2012,
11: 264-78

An MC, Zhang N, Scott G, et al. Genetic correction of
Huntington's disease phenotypes in induced pluripotent
stem cells. Cell Stem Cell, 2012, 11: 253-63



