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IhFET, BAEREOGH T, BEEAE (Embryonic
Stem Cell ; ES#lfa) % Hulan& LCE L OffgEER L, 20
ARAHER L CTE. 20 ESHE & I1&, IR IR E <
FHEL7-L 2ATHIMSEZ B 1 LESEE L/-Milec, B
ik, ZIRIETRToOMN (B L OARHE), ik b
5% ED L, POERICHEMEIELENTESL. LD
ESHifg1Z, 1998 4£, Thomson 512 & o THRMIIIEE S 1,
b OFEEBEANOED Y. T, MgfaiEe LT
FF— oM I N2 22 i3 57-0, Mm% EE
Wb e BT, BRIHH L 72EDH i FFE R R A
ERDIEMBSAYR & 2 E LT > Tz,

—77, Wilmut 5 2SS AL % A2 IR A (somatic
cell nuclear transfer (SCNT))§5Z &2k 7 a—rFED
PERGIZHET? L, ZLEIW BT b MR % K bIRE 12
ot Tur s3I 7))L, Ll ERSEL LT
EHZLARENT. LED-T, HMADL b ES Hilaz e
BT A eI, MO % R U7 A RS T R
ELTHIfE s L L, 2oy a— B4 oifek
EEETHIEDDYY, TFOEEEMEVE R &
0, BIEIX SCNT 72 Tl Z oMbz R+45Th b L E 2
LNTWwab,

2006 4, Takahashi &3~ AfHEFMEICL oy A v
2% b H\WT 4EET (Oct3/4, Sox2, KlIf4, c-Myc) % A9
522X, ESHINBICILET 5% bk x4 3 A0, A
T4 ett# (induced pluripotent stem : iPS) Mz #7. T X
5LV RN RMERREEHR LY. ZoHMICLY, &

ALASHEA 72 RHIIE % BB O F K F 0 A THHIL, Zhgtk %
DRI ENMREL Y, 4 ORBELIMEEE A Z O
Ml (72 & 208, BRI 25, HOMREZEY Tz
EDHENE ol £ I, ESHIBLTHMEE 22 o TV A
P, $EMSS O RIEAE U e W20 A RERBO ST TR E
RIEHERHED TV, AR TR, MREEBICB T 5 iPS Mif
FeOBIREZBF L, WREWIZE, AlgE, & L CHARRE~OHE
PEIZOWTH# L 5.

iPS HRa DAL

Takahashi 51, ES fIB4FRMICEBE L T2 #EET D L
IE ES AL oM EMHFICEE 2 BT 24 MICEEL, 20
BEFTRTEZL ba9 A4 VAR ¥ — T MM
~NEAL, ESHfao~<—% —TdH % Fbx15 % Nanog EIEF
% JRREIC ES MR O MR % M 2 7o MR bR 2 Bt ar L7290, X
LICHEETZMKD T A, RMEMIT Oct3/4 - Sox2 - KIf4 - c-
Myc @ 4 7T ES ez T ICiFET&E 5 2 L2 AW/
L, Zofilatk%x iPSHlL & s L7z, SOMBIEX — F<
ADETIBAT 5 L ZREP S R 2 HEE DL B2 L
TE, FBIEADEACI Y F A TITANZ LN, 5124
FHAML AT E D REFR SN 727, [ 2V — T3 B4R, Z Ol
b MR A TE LI L EEEKL, L NEAR
WANOIBHPHEDOD DL o720, —F, FH, w14 A3~
VURFOZIV—TH MEEMAL L D Oct4, Sox2, Nanog,
Lin28 @ 4 T #EA L CTiPSHIMZ R Lz & 5RO,
BN E B A R ) IR OB 2 L ik o7z, ZOHBIML
DHEM I, £V BEEOE W, FFEO RV HEANL ABICUER
ATV, BHOFETIE, HAERZ O EB I3 HENE
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DOHHL O A VAEMERL, F720EEET ccmyce & 4%
&L T2/ iPS Mila DAL O fEBEAIE & 72 5 T
7. LaL, ZOBROBMIFEICED, Ly A VANRY ¥ — X
DL REVRDFHCEIETEALELLT, FFVARY VY, ¢
myc b bWV EEI R ENROEOXLRREN TV S,
T 72, INSTALEM OB OV 7 ag)?, I 4 T b
%2 T nanog BIE T % BFHY, pO3 BIET %/ v 7 ¥y v &%
LI EICE MBI E LT A EMY L M ST
5. E 512, iPSHINEZ MBS 2 ML S BARY, ™ 7% &
RO MY S O, EELOD v B —Hil
OB 7 EMFEATEA TV S,

IR BERR iPS #ila DL

P iPS Mg o /E#LIE, 2008 4E 1 Dimos 512 & ) i 4)
WCHERIN WO, KRB ZEHENRELE (ALS)
(SOD1 ZR)nB# & ) 2 b -#HEFMluz  HwC, PS
ALz L, BEALZ AL CEE = 2 — 0 Y ~D 55L&
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bhvbhd, FEOz N3 PD, ALS B3 & 0 i H
EMEBIZw, IP4RFEZEDLBVLZ LIZX D, iPSHIlE
EREIE~ O MR L WM L TP BIfEIE, L e
427 F ~ (Takara) #3d B\ Oct4, Sox2, KIf4, Nanog 8 & O
Lin28 (Human iPS Cell Generation™ Vector Set (Takara)) %
BATHIEIIZEY, XORRICHEMLT S5 2 LA THEE
%72 (Fig. 1). B4 oELER R E TlCHESNAL TV S
A, WigeH HC oM & L 8¢5 L, iPS Mlaf s o
AL S BB bhbbD L Bbh s, —7J;, donor MIlC
MLTbERPALN, L)% COEDEIPS MaER O
72 DO TNHRARA & BHEF AN % BRI L, JRBLBIT S M- mpik
P O ERIEIYIZ iPS HINE 2 8795 ¥ X T AW S o
2hbH. F7Z, L KEAR, B OLTEERLREN 2 MBS
DM, PIHHLEORE L HAAERE & & HITRBRTE N O
PRI (PS MBI RIIME . S oo 5.

iPS #ifa % & b\ - HIEARBIREMRA & T ORER

PFADFEREY - BHEREODICIE, BEEHHORE
R Z DBV S o & DEFE Lws, MR AON%E
BB RE RERN, REEOSVBAERE TS 2008
HEL <, FERRZASMEITIESS AR I EI D & AL, 70 F AR
FICHE LB E RS 2 EPHBELATH L. b LEFICH
K95 IPSHIREMIZST LI EMATENE, ZOLHEEL D
EITL T, BREICEEE L 2ds 2 5 K ili4 oMl e F5§
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X WBLE D & O BIIESHIfFTE L L SN TS,
iPS ML 2 R BRI ISR L7253 2R o h Tl b,
WENH A Y FIVEEEAORBRTH 592, BAOHE L,
Ebert 512X V) & &2 d 0T, FRITEFZEHE (spinal mus-
cular atrophy, SMA) IZB3T2 D TH 5. 51X, SMA
(SMN1 #{EFD/RIE) HIkD iPS M T3 SMN O3B
TLTWAZEZMAL, SMN ORBL 2 FHE T 5 iAmH L
TOET, FORMUPEATLIIEERE L. 51, 20
iPS A % B = 2 — 1 U~ EFE L 723DV, WD 4
B TIRZOHBUCEFIZ VA, 6 B BZICIZBEHRIPS
ML CIER =2 —a WP LT A2 2B L.
NIZ X ) SMA BskER = 2 — 10 v I3 2 DA I %
X72LTWA I ERBHIL NV THERINS. ZOWREIC
&0, BB PS MY T, LEAGAEREAT 0 i ]
BORFZERT AL & 72 0, S IBURRAY iPS AL AR A 7)) — = >~

FIHHTBRTH DI EERLTVAS.

ZOXHIZIPS HIlEIE, FEEE R O HE R B A
W BTG L I ST B2, 74 L 0ERH 5. &
NZFToiPSHifa % R L CHENTAHED SNz BiTvwih
A VTFNVEEEERE LD, KIBEETIREINTEY, %
B S DBRENZFORBICKMINLERTH L. Lz
HoT, iPSHINELHER LB EVELH 2 S RE 2L
B, B0 RNEETORBED AL E L ClifE
BRI L o5 TWA. —), TVIYNAL<—J% (AD) % PD
% EOME OB WIGEEMRA R EOIEH v, EMED
HEI R CERBETH Y, MBI A L=
HEPBEINL F TR ORI LE L 3 2 etk
HDH.F, A VTFIVEEERE & S ISR T
A%, AL NV TEREDD B OPIIMBENEEEZE R D
FTEDLOTEELT—~TH 5.

T 7z, AR O AL FHEE I D HAMT R R A3 5. BIFE
ML EINTWD 3 VHIADOGLFHETH 1~2 7 HD
WHEEL, Fav RBBRELZRES LToORBED
10~20% fFETH 5. M UEEHEKROPSHIlLTY, £
T— 2L ) EFEORFRICK E 2BV DD D, £ het-
erogeneity 2AEILFIFHMI 2 KM oL LTwab, F/z,
MO 7V v THIE R & O X9 ITEBRITEEDTT T LM
Mo cid, HHEA, SO TN F v THIOSEELEIZ 1 14D
s e, NEEER EOFIFRICITR & R RERE L
b, TOXHIT, iPS IO BAE AT~ OIS T
iZ, ThETULICHERD X WHLHELEOM LT L X
ncTwsb.

MEMHFREMREBTIEIRERLANILO
RENPHZON?

SFEYFOI R LY, KM PD, KM AD % SI3R
HBARF A E S WHBOMINISHEIEA TS, —T, A
YTINVEERRE & o R IR ENRED S <1, &
DEOIFRIFKAE L TR TH 5. B, #RME, BEED
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Tral-60 Tral-81

Fig. 1 Representative immunofluorescence analysis of established iPS cells for neurological
research.
Human fibroblasts derived from subject in the study of neurological disorders were repro-
grammed by Oct4, Sox2, KIf4, Nanog and Lin28. Note that established iPS cells clearly express the
ES cell surface antigens SSEA4, SSEA3, TRA-1-60, and TRA-1-81. SSEA1 is a negative surface
marker for human undifferentiated stem cells. 4,6-Diamidino-2-phenylindole (DAPI) staining indi-
cates the total cell content per field.
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[ Sporadic neurodegenerative diseases ]
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Fig. 2 Strategy for establishment of novel therapy against
sporadic neurodegenerative diseases using patient-spe-
cific iPS cells.
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Ho727%, Kazuki 51, € PATHEEAEKZL B VWTFT2Y 2 v
ABFHY A b7 4 —HRIPSHIREICE b A MR T 4 VB
BATHZEICELTWAY, —J, HERERDIZTH
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WFesid o, RIBOTFIERBE 2 Mk B R R O R (2 TR
T&LZLRYNHIFT 2.
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Abstract

Advances in induced pluripotent stem cell research for neurological diseases

Daisuke Ito, M.D., Ph.D., Takuya Yagi, M.D., Yoshihiro Nihei, M.D.,
Takahito Yoshizaki, M.D., Ph.D. and Norihiro Suzuki, M.D., Ph.D.
Department of Neurology, School of Medicine, Keio University

In 2006, Takahashi and Yamanaka reported a groundbreaking study showing mouse and human somatic cells
that can be reprogrammed to the pluripotent state by expression of only a few transcription factors (Oct4, Sox2,
Klf4, and c-Myc). This novel strategy can be used for transplantation therapies without immune rejection provid-
ing additional advantages regarding ethic issues of oocyte donation. For neurological diseases, disease-specific in-
duced pluripotent stem (iPS) cells may serve as an invaluable model for clarifying pathogenesis and for screening
new drug therapies. In particular, differentiated neurons derived from patient iPS cells could infinitely provide an
alternative cellular-biochemical material for research instead of biopsy and autopsy. This review summarizes the
current studies applying iPS cells in the field of neurology and discusses their potential and limitations for therapy
against neurological diseases.

(Clin Neurol 2010;50:449-454)
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