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KTk, BFELEROOBELEESE LR T



OHdG DIFET & H ¥ TITo 7,

OF I THENT « BEROET ) LMENTIZEIT T,

LAEE IR — 7 v —EAWTHAA
7 ADET ) LEFIEET TV, &7/ A
FEFIENT 24TV, BFZERIE, BT v =) XA
72 E DR EED T,

B A b L ADBER ENGRERICI b
ay RYTEREREbD TWDAREERH D
- HEEMEERD I b3 FU T DNA f#r
ITo72,
® Multiple proteinopathy: 1) OPTN :

H2fF ALS/PDC ES 10 B Gieft ALS 5 41, #2
F PDC 5 ] : £E 60~77 % FH 69.1 5%) I
B HHRA~ ) VEE, T 7 4 EERETH
Ext& L L, PuikiL, OPTIN-C (Rabbit
polyclonal,1: 100 or 1:50) or OPTN-I (rabbit
polyclonal, Cayman Chemical, 1:100 or 1:50)%
Wiz, £z, BETREBICOWTIRREDR
FRICBT S VIEFZHE L, PCRIEZHAWT
4 exon W EF I 21T > 72, 2) tau DAY =
~— AT RERICBIT 5 X VEBREREZHDL
PCT B EEBICAEFENICRERDRE
SDF VEER, EMOFREFN/FETHD
TDP43, X 7 LA ZOWT b [RIRFICIENT %
ToT, Y 7% 10mM Tris (pH 7.4),
800 mM NaCl, 1 mM EGTA, 10% sucrose % &
TBS HCTHRESFA XL 27,000 x g wLE, %
® _FiE% 50, 40, 30, and 20% O FEFERS A Bl =
DETHEET D, TOKT7 TV v a % SDS-
PAGE THBE: X 7, TDP4 3, VX7 LAV
OHFEEANWTENEND T 7 a s ilH
AXT7,. TDP4 3. VX7 LA v Dhufikifi~
%, BERR A UIXT7 T 7 v a s 3IEIREND
T LI AFM B THRE ST\ D,

3)tau O western blot AT @ REEMES ¥ DAAL
AT & SRR LA 2 ATV RO ALS/
PDC BEMICERT 24 VEHERIT L L
EHEIET S,

4) tauopathy DOFFRFFERFZHIFEAT: © tauopathy %
DM RER O RERE & U AT — O
RRHEG T R Lz, £72. 4 BAER &
AD type JEBNZEBIT AIHREBEZHAL NI LT,
(D A8y B i SkiPSHE AR MR & I B AR M A
T BERE L0 RS 2 B, BRE L.
Yamanaka factor Cd 5 4 K+ (Oct3/4, Sox2.
Kif4, c-Myc) ZEBA LBV ¥A VA NVA %
AWTHREY 5, 55N 7iPSHIRE & fkth i
ZOMBICML - FBEL, BE LF LERER
BRI MRRMEEZE S, £ 0O E
W, SR RE DREFFARRA O 72 ¥in vitro T D EER &
1T 9 . iPSHANEA> B sonic hedgehog signal pathway
M agonist & retinoic acid % V> Tembryoid body
ZERR L. 2N NEES R OREER TS
C L EHERT D, BN EEMRMIE A v
T, BAEE TREI N TV D ALSKIEER T F
BTE DR %,

® FHIBEEORIEIMT TORKIFED
RE

ERAEE, REROR—LR—V K
L7z,

(WEEA~OERE A &)

ARRFFEIL, ZERFE, BRKRE, JERERE,
LRI ZET, BERFEE Y & — B
FEESR AR, BMRLEERT. Bl
ERERE, FNLATEIE ANE SRS - AR E AT
F v ¥ —OERMEEESOERICESELT

-7z,

CHF s R

O#E5S Histrical review
REFOREL, &, B¥. BERLFREICO
WO LT,

QA - fEkL R K XK OFE TR E
L3510 F AN, OHKIZ[ED & 8.1/10 FATH
o7z, OMETiX I FICEBERPER SN
7o (1 : 1967 F—1971 4, FILH : 1989



F—1999 £, & 11 # : 2000 4£—2009 4E)
—F, ZERH#IX T, 124 ® ALS/PDC fE
BINHER S iz, FARERIT, 1041.7/10 KA 2000%

Clinical Subtype D% 4k

HALS
WPDC
¥ Dementia

F LK #Higk & O #X D ALS HIERDOHES

201048

W MR | EE | ERhEE
] FEER

#ALS
wppe
# Dementia

I K (33,219 | 6.0 | 4.7(5.7, 2.8) [-2.7, 12.0]

11 K (26,405) | 3.8 | 2.9(4.8,1.3)[-3.1,14.8]

III | K(23,357) | 6.4 | 3.5(2.6,3.3) [-4.1,11.1]

ORERLIMITIIT D RBEBURILOAEA

I 0 (2,798) 0 “

\ZB89 % RO 4E
Ir | 01,667 0 )

REBINETIX, M Ha #iX & lb_T, £3%
III | O(1,069) 8.1(10.4, 6.7) [-45.8, 62.0]

HK H#IX & H XTI, BEE, (T8, B
BoOTRESITE < MIELHER X OIFEEl

EREDN ST,
TH-oTz, ALS/PDC 12 4 DWNERIZ. PDC6 .
FREVE MG 5 01, S—3 2V LRI HE
RS overlap U72JERIAS 1 BIC L fiHR72 ALS g%%gw&ﬁﬁiﬁ
B RMIX vs.
ROAIL) fa NS 'E{%Z
172 T BRE |
AR AR IR
Tt OEOEK - &
FE kEALIS) ) )
BEIZBITA . .
sEAORAES| =
WEEHORRES | & &
S B TR
T B RE S = &
ST IEREIS & 5
B A TERES & =
A IRE S & (&
2000 £EIRF R & A [EIFAE TP phenotype DZEAL,

e OEFZ : Fnsk LR K #EKAN O #iK D kGE
K Ca & 213 3ppm T, SFHBHIX & Fhils L
EWLRMEZ R Uz, B KGEK, )13
JIK, HEJNFHFARD Ca BB EEICX DD



TIREER LTz, —F O HiIKOHFK, O HX
NOJIA G, b0 K (CRK) @
Ca & BT L EN 2 hotz, MiE Cad
21, O ERTHERKT. K #ilk ALS TEH
BETFa2R LIz, OER T, & ) SE. intact
PTH EfE% 587z, M ZnfEiZ. OFEREK
il ALS & HITIEEE R LA, i CufEIZ
FEEADT ., o T Cuw/Zn bR EEEZ R LTz,
JR¥ 8-OHAG I K Hulit ALS THER&SE. O
FERCTLEEZR D,

2. M5 Ca, MY /. intact PTH fE D tLEZ
Ca Eml) iPTH
(mg/dl) (mg/dl) (pg/ml)
R | 9.38(0.34) | 3.28(0.48) | 34.1(15.4)
O fEE | 9.25 (0.36)* | 3.60(0.43)# | 49.2(19.2)#
K-ALS | 8.94 (0.32)* | 3.38(0.73) | 36.7(9.3)

K-ALS: K #ifi ALS, iPTH: intact PTH
* p <0.05, # p <0.01, Mean (S.D)

ZEEH XTI, o TOREIKTHEHF
K, BKTOIE Ca, & Mg RO,

i VB K
WK
“FHF-AK

H S 2V EE KA (135FT), HIF K aFf), #F - 8K (908D

sk
3Tk
R HEAK

HHER B KIE (13HF). #FoK (6P, 3P - 8K (9HFD

Ca, Mg & b, BEOEKETIHZ EF LT
7o

OB/IEFENT : IR — 7 v —FHniza
5 ) NERBIBRAT DA 7T A v O & 1
Wiz, #F ALS/PDC IZDOWT, 4% &l / A
BT 2ED T, 22 THE OERBR
HEN5 LTRSS, ZHE TOEEMNT
(T A MY v 7 BN X O model-free (/v
RT AN v 7RI OFEREEDREIICE
W 2FEEY, BECEETLS ) LERD
FENARTHD EEZ D,

SEfEFT LT 234D hary R T7iIE7r =
TN—TORERITLLTO®EY,  MITOMAP (Z
BE STV 5 EastAsia [ZRBIFANT /L
—7OHEE (EFOBRERE) LIFEFECHERT
Hotz, £, FARMEEINTWDIEE, i
72 SNP T R W&oz,

O

Moo T

13/9101(26(17{0(0(0]9]9(0]0 4

(%)



®Multiple proteinopathy:

1) OPTN:HIAMILD KT = = — o T kS
EMEBO T DITEHRRE (CRIEMEL A
E) ThHY, %<7 skein like inclusions DT
bole, Elo/h~Fhil=a—uo Dfakiz
ﬁﬂin—ﬂyibm%WT%$%L%%m
W, —ENTIIZGRIC B BT R AR O (int
PR E), £z, £ exon BINCHIT BHEHL
BEFERITIRD SR -7, 2)tau DAY
AT SEIER b MM, RER ALS FIE
GBENEZR L) 141, PDC 2 i (& DIREE)

WCDOWTHRET 24T o 72, ALS#1 TlE & 7 . TDP43,

Synuclei 13777 a1, 2ICENENTE
DL BEEREKITHERTWARWEE X bz, PDC
#2. SIFERLREEEE (7923 3),
Wi (7o 7var5, 6) OT7F gz
EUDYTFABNEESNT, (1),

ALSHUALS (AL
PDC#2: PDC (BBRMEHY)
PDCH3: PDC (R4BEHY)

B, U b U BLUE R AV CRIVENEE 2

(7o 7varl), REEESY (757
a2 6) ZHEMRE Lz, PDC#2, PDCH3 725
Gy U7 BRMEET 4312 3> B # 1% ATS, PHFL &\
2 U B S UHURIC RS LEEY A D 2

ATEZLRE, VU RN EBEICEET S
ZEWEBR BN, AVEME S TH, ALS#] T
FE#E U C ATS, PHF1 YA b D U R TTHED EL
LI 72, AD BNHEDREME S T b
i s&, b= UEI
PDCH2, PDCH3 > F /LT 5, U v Ba(bia
EIL@EDITE o7z, T D &%, PDC TN
D2 VERITY VEMLLS OER NS T S

e AR

T EZREBL TS,

3) tau O western blot fEHT : A EIEMT L7- 9 5E
BID 5 5B AD O & ULl iz BERE &R L 7= iEHI A
ABIAR Z O T AV T 3 —LDEBNRERD B
722004-1 ZZWH AR X UM IR FZ T LD %<
EHELTOVDERIN 461, 1FIRRE LS f
%&@otom%%wkﬁﬁ&7®?4y7ﬁ

WCEEIZ WK S I Bbhr,

ERES Sl EM FEER BB SoDELSE SOOBENE
totgsger 1R B ALS with O SREAR Lavel 1oq
2 00i-1 B0 i PDC with A BRGR Level 24
3 2004-3 6348 kit ALS 3R>=4R Lavel 4
4 2004-1 T0MR dft PDO with ALS IRCAR Lovel 3~4
5 2000-2 4L dei POG GRE=AR Level 3
6§ 2000-4 7088 &% ALS ? Level 1
¥2005-3  VOMR kit ALS ARCAR 7 Level 2
8 2007-1  TOMR ik PDC BR>=AR Lavel 4
9 2009-1 7SR Mg PDC RY=4R Level 3

4) tauopathy DRI LBOMNT: 4R BEAIE

iE B T ik,
(thorn-shaped astrocyte, astrocytic plaque like glia).
Purkinje AR tau EFE, AENICLE threds.
Betz #AEM tau, /)M Golgi #iAE, Bergman glia
T tau FEFE, MPRZEEEN tau JBEE, granular hazy
astrocytes, RHEDVER XM OEM, —F5. AD
BURERICIX, glia FRZEMRE < NFT F1E,
@iPS MIMAMERL : BENLORENE LN 4
BIOIEBIZ IV TR FEER ATV, 55 3 Filh
© iPS MIREVERR 24 B2 7 B R £ 36 O MRHE ZF D
ERNLLTZ, 7RV 1 OISR PICEE OB LR
B VREIE L e, JEFIHD BRI L BRME S %
AWTiPS MIRADIER 21T o 7z, #RAEESEMIALZ
HIHMEE F(Oct3/4, Sox2, KLF4,c-Myc) % o>t
VEA  TANREERSE, B 1 HEE
(A hvA TR Lo~ U R JRFRA
PRMESFAIIE(MEF) E~E & 2B LT, BsEn s
14 BESBWA b an=— N HE L, BEY
B—=r7 L Tan=—2#iEd Th 5 (),

Ghost tangle, astrocyte ¥ 25



X #MiEfoiPSHIROan =—

iPS MR 5 EE = 2 — 1 U~ DO EFEEIT
HALERIZERT L D RE S ZIEF & b iPS fﬁﬂ@
% FA\C., Nat Protoc. 2009 ; 4(9): 1295-1304.1Z
HA7ra b a—ho TTo TR Y., BEN
BILOSb~— b —DREANOEES =2 —1
DAL DHERE S LT,

| REFROBEIEE 2010

WZETE H
1HudEeE - =8, Fook L R o Rk & b

LL AR EEREZH T 5,

2. BERRIEIR: ALS, /3—F Y =X b REE
DWFRNTHRIEL, O E2b LITHEEDIE
REET 5,

3. MRORESE, ALFRFTR « HEAYR ALS
LD NFTs O A7z B (IaEas iz & A
HIBEEE T 4T, 3+4 repeat tau),

THEFIEE A REROFERE, B. EGRE THI
BHIZE and/or MIBAEDOZEME F /21T ML TR LT
BERBOET, C. R HEEE,

EE A MIBG Ly v FIME T3 268035 0 .
BRAMREICIT R B2V,

FEE (definite): 14243, ERREVICIZIZHESE
(probable): 1+2 IZXZFFIEE AB,C D 1 D%/
3, AREMED H D (possible): 1+2 or 2+3

D.EE
EERAE L REERIZOWT : SEIOESH
B SAERBEORA, ALS DD & FBEEDHE
menoERERAOE N, BHEMLNOL
PN ~DOHEZEDO L, FIEFE O &L &V
STHEERHE LN ERoT2, TV o7 fHM
IX. 77 & ALS/PDC [ZBWTHHE LT
—J . K K TIIERATIED 72 < Ko
ﬁhuS@Hﬁzkmﬁ@%ﬁﬁﬁwﬁmﬁ%
%= IR ALS/PDC OFRRETH D,
FTHIZL TS, HHEMICZ ﬁﬁ@%%ﬁm
PDELTWAIEEND, RERBEICIL, Bin
FROENICREERPRE S BboTW5
TRV E OB, ZNETIT, BBk
RLEBEFOIRTNAIMESRDOLE, VTV
LT BMAA OFEREN I/ 0 —XT v 7
ENTEEN, WENRER LI 2> TV
SEEORADL OREBFIRENH, ZFHMT
TORFEEREIENE <. BREEMEVOE
AEVWHLERE A ITE < REERE&ITEY
@HTEM ORI FBEENE, & W\ o il
bz, ZHVolEmiL. BED ALS
THHREINTEY, BEEERTIEIZ IV —7
D H L DRSS superoxide X nitric oxide (NO-)
WRIEAZNLMEOT R F—V A2 FHER
\~ﬁ\%EMW%%%Wﬁ%ﬁT5:&m
5. SR TIE, RIS 2 WEBREF (R
FLR) EBFEHET (FiEgbS) DT AR
TR THhaort LivZiewv, /IMNARBIL,
=HEEF H X TOARE L BRI DOZE,
RIFGEBOEEL L PO TOBEIKD IR T
IARME R E Uiz, AOF 513, FREEECFERILIR




K #iXKSTHED O #HKIZB 1T 28770 ALS &%
ZERE LI, O MK TiX, 1975 b FAkE
ZKHEN68KLTERY ., AMRKERDME
Ca fEIEER L 2RO, FEDHIE, KK TO

BE L —RERORFH OHIGEOEELZHE L,

KEFD Ca RZIZ LY FMEETEDOHERHY
EIMZ K 5BEB A b L A REN L 7wk
MR E N Y RO ALS 1281 5 —o D&%
HAFEHEL TS, PMARDLIT., LA
ALS/PDC B DR OHAG FEEIC OV THE
LTHY (Morimoto et al. 2009), 5. Bk A
FL A=A R L ADFRE~DEEIC
BIo3bR5BREIBRMNELEEZOND, ¥+
FEUECBLSEHBOMKEIAKTD I RT 1
REREH ALS/PDC FIECREBIC TR 5
TEELRBRFRETH D,
JFEREBTIRRIZOWT  FHxld, 2nET
(2 100 455D BE B L OFEN S DNA D4
fg%w‘“m\éo INLDREEZRNTINET

« AR T AT OB SR 21T o T & 228,

@%ﬁ@@m@@&izﬁb%+ TRV, o
OEH & LT, BIEFED B T2 DI BRI
FIEL TORWEAOT B LW & FE
EOFIENENT &, LOFRMN L DFIEE D
BNREDNH Y | FAEE/FERIER O RE I HEE
RIEPNRERBRTHD, KRS —2r =
P—F A2 T ) AMETIC Lo TELND
BRIZE T, TNETOFRELLHL NI
ST T =4 EMET A L THERREEFRE
WREO O Z LR an 5,

by RUTEEFEIT T 236120 )
DEDOIHTIZIEE > TV BT, REFRAE
WX DENE —REZ/T VT ANE DR A
B R ZR PRI D2 L3 TE TV
W, SHICEEEBCL TR ZENRULETH
b, 5. PEFRBERCARETCONIES T A
B, XTI T ma—X=T0BREHOI Fa R
U7 DNANT a7 )—7 05175 2 & T

BIZRERRLI Fa v KU T DNA BOBED 7
E D@ R E b i, RIERAEREO—Bh
ROFREMER D B,

Multiple proteinopathy: 1) OPTN: 4 exon EZFIIZ

B 5 RBEETFERIIRD ST, M
BORELZZERELTH, K=o —nr~ngE
RPN Lvh, REBIZRIT S OPTN @
BERIZOWTIE, causative 8V D LV Y, %
HINZERE L TWAATREMER 5 5, 2tau Y =
~—fEiT U VB T, A UA ) Sv—0F
FRIZ ST 7 AR, FBROR & o BRI AR e
RIS 95 Z E¥bdr> T 5, ALS#L,
KTRRAN & H~C PDC#1, PDC#2 CIZEERLR & ™
BEERIK, BARRBERNKICERLTEY |
TR, PR LN & TV B Z L 3R
BInlz, TNHEDF L TFATUXT LAV,
TDP43 [JEEREIERILAH S T, &5
2. ZOBETIIEEDRMENED LI TR
D & U EENLH ALS/PDC 128 A 3R5ED
FETHDEEZ DTz, ¥ VEEICITY Vi
{ELIA DER D EEE3 5 AR R Sz,
3) tau @ western blot fi##T : A2fF ALS/PDC D
&L AD type DIFEE L 4R ¥ U A F—DFRED
MBI % D WVITRTEL TR i, FEF
TE BHAVEEMICE TR EE LS
ND, TDOAN=ALIRALER, REFHECIE
2HEEO tau EENV— F & LTHEENSFH
REMERD B,
4) tauopathy @*‘?ﬁ""f HZRIMENT: western blot T
ROLNTE LI IZRERF TIL, XU D isoform
(22837 =% | AR BRI TIE, Ghost tangle
& astrocyte JRZS, HE D threds, BRRZERENIC
ZUIREERDIZ, —FH, ADBITIT FL LT
pretangle X° NFT %3887z,
iPSHIAEIERR : 1) BRERTOEE  28KD
RIEEFFIZ, v~ TR0 D0 H Ty MERO
RRICKDBEZ X7 OERBNERINT
WD, BEHKLERH ABEKOPSLYFEX



NI EEMEME A R~ S R A BTV
TADEHETREEREL, FUEHR. «
-synuclein, TDP-43% H DEAIZED D D R
RERE

2) MBER N VAD AT =X L /NaAKA b
VA, BELAECEEEREICLY, M
EOBRICAMBNAE T, HREERE L5 &
TTETFTNAEEZLN TS, /IMEEZ F LA
% F5E 4 5 N-glycosylation D FLEA|I TH % |
tunicamycin(d 75 LAY 7 /MR X B L AFHE IR
ThbH, BEHKEETEANHROPSEVFHE
SN EEME RIS . tunicamycin/LEE & 1 %
T/AREA NV ABEERFTH D, Grp78e
XBP172 & OBETFRBUCENR H D DRFT D,
IR D T v T MEFEMEOREEN, RN
DFFREE LTREIN TS, JVF I VB
BEOBEOREN/NBELO DI N Y A
e ZBENC L, MiREEE &R, Mg
AIONE I VERTHEE L, MadA b L ABE
RFORRAEZOHBERETT D,

3) BB A FLAD AT =R b FIRIEALSIZ
IXERLA PV ADRKER TH D A—/—FF
A4 R&ZHETHESE, SODIBETFEEDH D
LORPEIN TS, A——=FFH¥A FIZ
X B R MIEIE S ALSFEAE DHEF & L THRME
EhTW3, BEBENREEEAHRROESMHRE
A BB L KR CREL, TR =V RARE
DFFLIENZEN B D DRFTT D, ETRBED
BELAE L EIMSEL, ¥ UEA.
o -synuclein, TDP-43 H DEEIZEN H D H»
BEd 2,

4) Xplz, EEMRE, 7Y TR, Py
FEAEMBR D~ — A —% HW T, embryoid body
NH. FRENOSLHaEE D,

BRIT T, ALS REMFF SRR IR M Tldie
<, 7V THIKEZEDI-H/NREORE S5 3178
ENTW5, ZORMOKRIEDT=D, 7 U Tl
o & EEeR M R L. ERTHhITE

BIZOWTHREETT 2,

A% DIREN ADFEEMEIZOWT : 5., mR
BRI AT, RV I~ —H—
ORFR EERB IRV, KVBEOREVZEE
EICHET LT BERH D, Fio, BRRMTA
\Z X B30 B TE D 72 O R EEYE D YRR 4
BCHDH, SlEDHE, KE, R OHIG Dk
MNP REROEESCHEERICERIA ML
ADOBEENEDNT., BRFEOE —HL LT
ik A b LA AE BB & LEEBREMALT
ELTW5D,

EfE

LHMX TORFLRE & RER T, BB TR,
BN, iPS HIBE/ER D ERIRDLIZ DWW TH
H Lz, 5%, SLICRERT, BERR%ZE
DIERREHANERIND & EbiZ, ThETO
MAES I LIEIBENAFENEEN D,
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