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(Protein Tech), 35X UMEF U Bk TDP-43 %
Bk 5 pS409/410 & v iz,

(fRERE ~DELRE)

FIUAY 2=y 7w ADER, BIUBY
ERII, ERHBEREFREMAN. BIUK
HEEME F AR OMEZE R ITHEDOH
BB L TERE O IT. ERIBEHCIES TIT
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CHFEfEF

PCR BITICL > TRIELILZ 7 Vv & —h>
btk TDP-43 # U 7 Ba¥BTHBEHRO%R
WD Tg =7 AZBL Lz, BEBREWVWI LIT,
NSO Y RAXEHRBVEM L, TR
DPREMEBRINT, ~VAIIREREZFL LT
TREBICT A L, EF~ VAT TRARWE
WHEAR L B, IO~V ATIIREAT S
BRENMIBRINL, v~ VAR, FHIIBTSE
k TDP-43 # /R EDOREBREZFTRD10, &£
%2y A~ ALK, FHEzRDHL,
Tris-HCl, Triton-X. & 5IZ1% Sarkosyl & &1ef%
R THY X7 ERMHL, EhEhOESS %
BRIKBIL, 1A/ Ty METEITo, £
DFER. HiL TDP-43 RV 7 u—F LHHET, I
Tg~ 7 AT Tg < 7V AZH\T 43kDa D
MBIZEWRIGHRE Shiz, 20/ Ridht
t b TDP-43 HEE /) 7 u—TFTAHHEITLY,
A5y R LTRSS, & b TDP-43

AFI(WT). BTt G298S, M337V EREKZ
RIBE, TNTENERBRTH UV ADRMEICE
WTRERD /N R3S, & - TDP-43 O
AR G298S, M337V EREAZRHRTH T
VA x=mw eI RADORBEBBNY SN,
INHDTURICEBWTEEMERICERT
% 8% ) VEML TDP-43 L EHOEENRA LI

B E D ITONT, Triton-X R, & HITiE
Sarkosyl RIAMEBE 4312351 T pS409/410 HiiE T
RIed 580 RBRVDMRIEEZ R, RE
RBL, Oy RZBNTHAEEMICITY
VER(L TDP-43 13 S vz o 7,

FAERENTDP-43EHIRT HTgT I ADIER
Non-Tg 24 Al °©

 pAbT
- pAb TDP43
 (Protein Tech)

mAb TDP43

pS409/410

ZFRATDP-43%HMI BTgT I ADIES
WA EL R A FRF(EBET LIS 5 —) DR AR

- ) e | et 7 ATDP-43

pAb TDP-43

- o s e
37- s ~ mAbTDP43
. — . ERTDP-43%FRM

Tris-sup Triton-X-ppt

FRORIIMRBIOA L Ty MENKER
T, FHIZOWTHRBRORET 21T o 7223,
Y (b TDP-43 ORGSR Shzd o T,

7o, HRERE PHEEE AL~ ) SICTEE
#%.50I7u Eor7 T h—A R EERL,
GEABREEITo THBIFLEER. B b
TDP-43 fEHFE CTHilaZs B s h, 3
W45t b+ TDP-43 |ZIEH TDP-43 DRTELF
BICRICBETD Z LRI, 27 Al
D= ADET T b—ARE R TiE, U UL
TDP-43 % 323 % pS409/410 T D HIE ARG
IZBWT, FICREREW L L OBERIG IR
HEhiensTo,
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Wiid (non-Tg), pS409/410 Tg-TDP43 (M337V), pS409/410

D.EE
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RB~ TR M33TVEREEBR YA ThoT,
t b TDP-43 DRBEICKEZBEWVIA LR
WS, EBNRFADER OBVIIEMICERED
BWMZLDHbOTIRREWEEZLbND, BILL
7=t b TDP-43 ¥ 7 Zix, ZDIZEAENR
Tris-HC1 FIPEMEBE /3 (CEUR S 4L, MBI
ERHEIN 2o T, £z, EEONEN
TDP-43 LRIL., HIZBENBEIH, U B
it TDP-43 HiiK[GH#EEY 72 & O RE 1, WiE
REFELEMEZEEL THERLZET T F—A
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bhd X5 72REY B TDP-43 DEFEN 2
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L BITRBE N,

EfE5

t b TDP-43 DEFAER G298S ZRA M337V
LR HERICERTLI NI VAV ==y
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[EA S BRI FEMEEMBE (BIFREBRHEENEEE)
RAERBET )V [TDP-43 IFHEEEHE~ Y X OFRKIE
SR ERE E

HSARISAZEZMHIE £ VI EME - <0 A OER

MRS EE  BKILTRE ORI E e

BT EEMERRERAET — 1)

BREH A%  MIFEA Y, REZY, AFE Y, FAERY, HHEH 2, RBJIHRA?,
HhEY, ZBRIEY

V HURERRE R E R A

ST EELE R B ZET — A

9 PP RFRFEDE « KRR ES 7T
Y FURER AR E R B 78T 2 F MR AT ZE T — A
9 RIHNRRIR E R A IR BT T VSR v 7 —

MREE
& v RatERTBAMBAIE A MEE(FTLD)D % < iX TDP-43 REEHIC L & 3% %K 7 5 23(FTLD-TDP), Fikik
FTLD-TDP OREK#EEF & LTRIESNATWADIXT e /T =2 ) V#&IEF GRN ThH 5. FTLD-TDP DR
BEBRTIETFNVEERT 720, TARDBP F 5V AV 2= 7 <D ADEN, GRN 7/ v 77V k<o
ADFRFEN & HeRF, BZE TARDBP M@FIHBIEHRMIEE T VOER, %L T TDP-43 & [F U hnRNP T[R4
DIRfE% 5| F 2 Z 3 FUS REEDREEMNMT 21T o 7.

ABFFEEEY
TDP-43 [ZHBADZICRET 2R H— % ) AR
H'E (heterogeneous nuclear ribonucleoproteins:
hnRNP) O—F&T, # vatERiiRAIERzEZE HIE

(frontotemporal lobar degeneration: FTLD) X°#
ZHEMERFRRE{LAE (amyotrophic lateral sclerosis:
ALS) DIEBRICREEHE T LBIT, XD

(TARDBP) &5+ REIIFEME ALS DJFHE &
72%. ¥£7- TDP-43 LR U hnRNP DU & D TH
% FUS (fused in sarcoma) |%% 7 - TDP-43 [t
FTLD 2B 2 RAFEMERAE TH D L L BIT,
1LY itk ALS OFERBEFOVLOTH
5. FE1- TDP-43 ZT NI NA < —/ieL T 4
—/NMERIZRAE B OB I BV TR~
DEFEBIRBO HND. TDP-43 R FUS DREE
BEiXRRoAL2 6T, AV ITF Fas)
TIZRBNTHAELS.

INHDEER Y LT, FTLD OREX B

TREMET N EEHT D DBEBIED K
BiEETHD. ZOORFEEL, HEHEET

"

bHRE)NHFEE OMEH L7 TARDBP + 7 ~
AVz=v 7 (Tg <7 R 3FZRBEOFRBEME
HIRENT, RRKFRFRRFEMBFETIRER
EAFEHEVERELHIZIBAFE L7- GRN /
777k (KO) =V XD (BLFEHZERD
Hm) A L RHHERE, B%E TARDBP BFIFHR
IRARE T VOER, £ LT FUS REEHEY
5 BEROFRBFERBIT 21T o 712,

B
YEHIZRRZh L7~ TARDBP-Tg =7 A 3 RkED 5
L, AMICFRNBAHEN TS ALS DR E#E
EFERMIZTVZEALLRRTIE, REE
AEOEFEEBIIMB I N, MmORFED
X OICEBR»OERBEORENRE LS Z itk
Do fz. Z® TARDBP(M337V)~ 7 A% 12 » A
IETHRBEL, BREEZIT> TP XUHH
DIRT 7 4 AEREAVER L S L F
ZRTHET L7=.

GRN-KO ¥ U R IR KRFEFAFFEE & D3k




BFZEEDO—R & L TEILFEMZERT L D 2230
DI E Z T REMERF 1T o 72,
FVIAFRal ) 7TREEME LT
KG-1-C #ifa % AV, #idREdMiants Vv
ERLIZB VW TRWERZG TS GFP # 7'
TARDBP ANLS 35 X U° TARDBP(219-414)&1=F
ZEALR, KG-1-Ciiv1 h<wA1-C
(MMC) MERIC & 25y RIE5EE LA ATEETH
L, BIEFEAKIZ MMC 0342 LT 1#
M E T, ENREEBLFRE L HERL
—F—BREEIC L DBEL T

FTLD-FUS OJRERFHIMITIZIE, T U5
E(|ZEM S N7z FTLD % 66 B OF MR A4HE#
A% #7, TDP-43, = EXF 2 X 25u&HE
R FYefa 247 > T4 V&t TDP-43 2tk
FTILD & 10 flZHHL, Zhbd 5B FUS B
D 94 2 5 BRI 4 TR FUS A CHREMAMI LS
P ZiTo Tz,

(fREEE~DERK)

FG oAz =y 7w ADOERE I UEY
EERIX, HEHBEREFREMEIR LURR
ks E A FEET O EREM MR L B R ITHE
ZEHE IR L THREARLY O (T, TOREEHIC
- TEREITo7-. 72, b MABRKOMENT
IZHT=-oTid, & b7/ A - BIEFHREITHIZEIC
B AfmEmAIcELS I L L L, HIMEICE
RO L BI-HA ORHE R EH 2 2RI E
A L7z, FREESRENCHRIT R o 1 iE
BT OWTIE, EREFTREEALIC K SEAFER
DREL I ETHER L. T_XTOME
HE I EREEREERAM AR OREZR
SOEBERBEXITI.

CHERER

TARDBP(M337V)=< 7 AiZ 10 » A Z#k L CEiin
IR T D LENTBRRICRERALND
L oicke s, 12 » BECRIT 5 I RERSIEA

12

PV b TDP-43 Hifk (pS403/404 B LT}
p409/410), 2 X F o THRETH L, B
z’»l‘oﬂuﬁ 7b>071ﬁl;%ﬁfﬁﬂﬂ%wn\&)7‘: ().

(TDP 43 pS409/410)

(TDP-43 pS403/404)
L2 L, & b ALS, FTLD OJREFTRIZHART

HAKIEDLDTHTHY, ZDOTg<w VA
R Tiie MRBOFEELXHSBEELTWD
LixEBxONRD o7, Mo 2K (B b wild
type TARDBP-Tg ¥ X Ut TARDBP(G298S)-Tg) b
RERFT RIXFRERTH - 7=,

GRN-KO = 7 A (homozygote) 1T/ n 2 7 =
2 ) URBRBRERICKBLTWES, IZIFER
IZEFL, PHRHERTIIMERE & HICHKRSR
I p62 H B WVITL X F U BHEEEN HE
573, TDP-43 REZHIIRNWI L8, Th
F COERPETHLIRo TS, ERIZwT R
REANL CHERBZRE LIz Z A, BENAY
7 7F 0y RORMITHERTRRNEL, 2
BIHXBIZK W I EBHLICRoT2. E D
REIZCBW T T v/ 7=2) VOEAKT
IX TDP-43 EHEICRE VDL Z b, SHROK
BLERZIREIC, BE, REMERFL BHEEZED
T3,

KG-1-C AV S5 Fu 7 ) 7REEMEIC
TDP-43 XL =T EA LR MiaTT Vv
I% TDP-43 DHIfABE~DRFHEM L RELHEL
72 TDP-43 ®» (b MRELFEL) VU rBMbz 4
L, MMCAHIZ Ly 1 #BMD (HRE2FEDR
W) BEEBIENTRETHo -, HEMETT LV
2 X BEAEHBLAHDOARAI ) —=TFHhE
LT, BEEOMRRA (SH-SY-5Y) LBAE



DY THERATED EHFINDD, BRFATIE
BEFEADERA+HTHY, HeoBAK
BEERATHERR LZITIN-> TV,

TDP-43 & [@l#%, hnRNP T % FUS DR EE
%&£ 5 FTLD-FUS OJRE AR TiX, # ¥
F&tE FTLD @ 2 H#9) 8 #|4% FTLD-TDP-43, 7% ¥
2%ID1F & A Y FTLD-FUS ThH D Z & Hbi»

o7,

D.ER

b k TDP-43 DEFAR G298 R, M337V
ERAL N ERFEBT 5D TARDBP-Tg <V
A TIIHBBERER T L\ ) ALS FHEloRBAY
IXHERT 525, TDP-43 REEMIBETH Y,
BRLRoTWAFEERIIE MEB LIRS

LHERSND. ZHITERMBIAE T VTN T
2R TDP-43 # BB IETH (ALSEROFE
Wb 72<) BEY UEE2 EORERSE
MTERNWZ L LR LT R T % "eEE

Bdb5b. %L, BERMEETVOMAEL Y L
ICEABLBFORERITI, GRN-KO %L L ¥
LLTREEREEHRAZBET 2 ETRERE

HMT2FEOURBEBMBETHHLEZDOND.

b MEBMEFR IR Y F

FoRaZ Y7 ~0 TDP-43 EFNB O LS.

ThE, MRHIARA s EUERE R L2V T H
ZOxLTAY T Fu s ) 7REICHEhE
LTANEb-o TWHHilaETHHZ L &E
BIZAND &, REEEIEA CBRESN I HBE
NHR/BONIARIY BERZFTARTHS.
TDP-43 Z1ZH) & L 7= HisBAER OAIFKIZIT,
HIRRMEDOA T, AV IT Fu s U7
RMEETNVERWIEZAZ )V —= T A
ThdreELAOND. ERLUERFOMBES R,
BIEICBWTERALLVEEZ D, TDP-43
BEEEA) 70 FuJ) 7RgEMEO
SIS RD BN 5.

FUS BEEMEZ LD FILD XSO TIELY
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HENEL, TEEERNIC (ThbbREST
P3) 1TEBhERE ASRTRIT L RTERAIEARY R EVE %
275 A% FTLD-TDP & FTLD-FUS33t@ L T
W5. FUS EF VOIS L TDP-43 ET VLD
FEBE X FTLD OJRRERFATICHT = R E R E b 72 5
L, E7VER - UB~DFLSEBRHFEINS.
W, FUSDa A 77 MERZRMGL TV
5.

E 55

ALS ZROF DY 72, 2F TARDBP
A Tg~ 7 RATIE, & hd FTLD-TDP =° ALS
DIRZEZILHET % TDP-43 REEHAE L HHE
X720 o 7. GRN-KO =7 2%, X131V TDP-43
REBHELELDBTAYNL v —RROL T 4
—/MERIBBAEDIRREZ BB L TWHET )V
v A% L ORE, HWE TDP-43 BEFDOEA
7E, BRDFEMEBEROARZMZ/ET
NVORENPLETHDHEEZDLND.

FAERRfGRRIRH
Bz L

GHF R E

1LERXRE

1. Habuchi C, Iritani S, Sekiguchi H, Torii Y,
Ishihara R, Arai T, Hasegawa M,
Tsuchiya K, Akiyama H, Shibayama H,
Ozaki N. Clinicopathological study of
diffuse neurofibrillary tangles with
calcification With special reference to
TDP-43 proteinopathy and
alpha-synucleinopathy. J Neurol Sci
301:77-85, 2011

2. Kobayashi Z, Tsuchiya K, Kubodera T,

Shibata N, Arai T, Miura H, Ishikawa C,

Kondo H, Ishizu H, Akiyama H,

Mizusawa H. FALS with Gly72Ser

mutation in SOD1 gene: Report of a

family including the first autopsy case. J

Neurol Sci 300:9-13, 2011

Beach TG, Adler CH, Sue LI, Vedders L,

Lue L, White Iii CL, Akiyama H,

o



Caviness JN, Shill HA, Sabbagh MN,
Walker DG; Arizona Parkinson's Disease
Consortium. Multi-organ distribution of
phosphorylated alpha-synuclein
histopathology in subjects with Lewy
body disorders. Acta Neuropathol
119:689-702, 2010.

Coomaraswamy J, Kilger E, Wolfing H,
Schifer C, Kaeser SA, Wegenast-Braun
BM, Hefendehl JK, Wolburg H, Mazzella
M, Ghiso J, Goedert M, Akiyama H,
Garcia-Sierra F, Wolfer DP, Mathews PM,
Jucker M. Modeling familial Danish
dementia in mice supports the concept of
the amyloid hypothesis of Alzheimer's
disease. Proc Natl Acad Sci U S A
107:7969-7974, 2010.

Kobayashi Z, Tsuchiya K, Arai T, Aoki M,
Hasegawa M, Ishizu H, Akiyama H,
Mizusawa H. Occurrence of basophilic
inclusions and FUS-immunoreactive
neuronal and glial inclusions in a case of
familial amyotrophic lateral sclerosis. J
Neurol Sci 293:6-11, 2010.

Kobayashi Z, Tsuchiya K, Arai T, Yokota
O, Watabiki S, Ishizu H, Akiyama H,
Mizusawa H. Pseudopolyneuritic form of
ALS revisited: clinical and pathological
heterogeneity. Neuropathol 30:372-380,
2010.

Kobayashi Z, Tsuchiya K, Arai T, Yokota
O, Yoshida M, Shimomura Y, Kondo H,
Haga C, Asaoka T, Onaya M, Ishizu H,
Akiyama H, Mizusawa H.
Clinicopathological characteristics of
FTLD-TDP showing corticospinal tract
degeneration but lacking lower motor
neuron loss. J Neurol Seci 298:70-77,
2010.

Kobayashi Z, Tsuchiya K, Takahashi M,
Yokota O, Taki K, Ishizu H, Arai T,
Akiyama H, Mizusawa H. Morel's
laminar sclerosis showing apraxia of
speech: Distribution of cortical lesions in
an autopsy case. Neuropathol 30:76-83,
2010

Kuwahara H, Tsuchiya K, Saito Y,
Kobayashi Z, Miyazaki H, Izumiyama Y,
Akiyama H, Arai T, Mizusawa H.
Frontotemporal lobar degeneration with
motor neuron disease showing severe
and circumscribed atrophy of anterior

14

10.

11.

12.

13.

14.

2.%

1,

temporal lobes. J Neurol Sci 297:92-96,
2010.

Nozaki I, Arai M, Takahashi K,
Hamaguchi T, Yoshikawa H, Muroishi T,
Noguchi-Shinohara M, Ito H, Itokawa M,
Akiyama H, Kawata A, Yamada M.
Familial ALS with G298S mutation in
TARDBP: a comparison of CSF tau
protein levels with those in sporadic ALS.
Intern Med 49:1209-1212, 2010

Sonoda Y, Mukai H, Matsuo K,
Takahashi M, Ono Y, Maeda K, Akiyama
H, Kawamata T. Accumulation of
tumor-suppressor PTEN in Alzheimer
neurofibrillary tangles. Neurosci Lett
471:20-24, 2010

eSS, TR, BEE, BikfnE,
HmEMLL, FIHEH, KiliaZ (20100 &
BRREBREITIRD DN EERMET Lo
— M NIEMEED 1 TR, HEESE
51:1205-1208

Arai T, Hasegawa M, Nonoka T,
Kametani F, Yamashita M, Hosokawa M,
Niizato K, Tsuchiya K, Kobayashi Z,
Ikeda K, Yoshida M, Onaya M, Fujishiro
H, Akiyama H. Phosphorylated and
cleaved TDP-43 in ALS, FTLD and other
neurodegenerative disorders and in
cellular models of TDP-43 proteinopathy.
Neuropathology 30:170-181, 2010
Mackenzie IR, Neumann M, Bigio EH,
Cairns NJ, Alafuzoff I, Kril J, Kovacs GG,
Ghetti B, Halliday G, Holm IE, Ince PG,
Kamphorst W, Revesz T, Rozemuller Ad,
Kumar-Singh S, Akiyama H, Baborie A,
Spina S, Dickson DW, Trojanowski JQ,
Mann DM. Nomenclature and nosology
for  neuropathologic = subtypes of
frontotemporal lobar degeneration: an
update. Acta Neuropathol 119:1-4, 2010
SHR

Akiyama H, Kobayashi Z, Arai T,
Hosokawa M, Tsuchiya K, Yokota O,
Shimomura Y, Kondo H, Haga C,
Hasegawa M (2010) Screening for FUS
proteinopathy in the institutional brain

collection. The 7th International
Conference on Frontotemporal
Dementias, Indianapolis, USA
[2010/10/06]

PEFE, By, FHEH, BFILET,
U =B8R, FAETF, EBEOASA, H)ITE



A, B, BKILIEZE (2010) PIRRFEEE
BEFIZHIRT 520X F VBA(UPG)DE
Bt % 51 [l B AMRFE RS FIN
7t4 [2010/04/24]

i HE1&, Davidson Yvonne, Bigio Eileen H,
AEBH, SFHES]), FHEH, RE)IK
A, # W 78 2, Sikkink Stephen,
Pickering-Brown Stuart, Mann David
MA. (2010) 1T _EMEREEFIZ 31T
3V vk TDP-43 JRE, MHBHEL. R
HEEIE T OBIfRORE. Dementia Japan
24: 328.
WTFHEF, BFhrE, @A E SR, )%
A, gz, BA)NIEA. (2010) TDP-43
BEAERIC XL 2R MREEOFEE.
Dementia Japan 24: 387.

AN, FKILTE Z, FHE A, M)A,
RANIRA, BEE, FHES, LAHMK,
KEE—, FEML, EBEOAH, WET
B, THEF, WBZ, MINEX, AES
B, AL, PSS, KIBEE (2010
AFRIZFB1T 5 FTLD-FUS JEB O
Dementia Japan 24: 391

FHEH, RBES, BEAIKRA, KiLE
Z, B &, M)A, O AL, AR
B (2010) 70/ 5=a ) /) v IT Y
k= U 2RO, 2 51 BB
AHBREFZRSFNRMES BE
[2010/04/24]

iR, SEE, PEBERE, ERTES,
AHBEALT, AH—IL, EBHE, UTH
BT, B, BAEHM, HHEH, B
BINEA, KiLeE, E@ER. (2010)
TDP-43 proteinopathy (Z38% % TDP-43
EH C RimkrAicBE7 55, Dementia
Japan 24: 386.

diEE, RANKA, Bk, HHEH,
WTFH&ET, BAEAH, KLBE, £M
%, BETERE, PHBUEE, AHELT,
AFH—5L, EBHE, EMRZ (2010) 53
Mt R R LIE I EfE 2 TDP-43 & H C
Kunlt A CBEd 21, 5 51 Bl B AR
Fake, W [2010/05/21]

EMBER, LB, FHEH, KLIgE
(2010) S—F YV U HEOHREFRREET
% Shy-Drager fEBERE & BAEZET SN T
7= 361, % 51[E] B AR E Fke & FAHF
Zie K [2010/04/24]

15

HAMFAHROIGRE (FEZAET)
LAFRFEUG R L
2EMBMBRE FITL

3.Znfth KT/ L



WARROTIITIZHET 5 —RWR

EXRE - EPIRE
¥ % % B X E & ® % 4 % B i
Habuchi C, Iritani S, Sekiguchi H, Torii Y, Clinicopathological study of diffuse neurofibrillary
Ishihara R, Arai T, Hasegawa M, Tsuchiya K, tangles with calcification With special reference to TDP-|J Neurol Sci 301 77-85 2011
Akiyama H, Shibayama H, Ozaki N 43 proteinopathy and alpha-synucleinopathy
Kobayashi Z, Tsuchiya K, Kubodera T, Shibata N, |FALS with Gly72Ser mutation in SOD1 gene: Report of
Arai T, Miura H, Ishikawa C, Kondo H, Ishizu H, |a family including the first autopsy case
Akiyama H, Mizusawa H J Neurol Sci 300 9-13 2011
Nonaka T, Watanabe ST, Iwatsubo T, Hasegawa |Seeded aggregation and toxicity of alpha-synuclein and
M. tau: cellular models of neurodegenerative diseases. J Biol Chem. 285 34885-98 2010
Yamaguchi Y, Masuda M, Sasakawa H, Nonaka |Characterization of inhibitor-bound alpha-synuclein
T, Hanashima S, Hisanaga SI, Kato K, Hasegawa |dimer: role of alpha-synuclein N-terminal region in J Mol Biol '
M. dimerization and inhibitor binding. : 395 445-56 2010
Asaoka T, Tsuchiya K, Fujishiro H, Arai T, Argyrophilic grain disease with delusions and
Hasegawa M, Akiyama H, Iseki E, Oda T, Onaya |hallucinations: a pathological study.
M, Tominaga I. Psychogeriatrics 10 69-76 2010
Beach TG, Adler CH, Sue LI, Vedders L, Lue L, |Multi-organ distribution of phosphorylated alpha-
White Tii CL, Akiyama H, Caviness JN, Shill HA, |synuclein histopathology in subjects with Lewy body
Sabbagh MN, Walker DG, Arizona Parkinson's  |disorders
Diseass Consortium Acta Neuropathol 119 689-702 2010
Coomaraswamy J, Kilger E, Wolfing H, Schifer |Modeling familial Danish dementia in mice supports the
C, Kaeser SA, Wegenast-Braun BM, Hefendehl |concept of the amyloid hypothesis of Alzheimer's
JK, Wolburg H, Mazzella M, Ghiso J, Goedert M, |disease
Akiyama H, Garcia-Sierra F, Wolfer DP, Mathews| Proc Natl Acad Sci USA 107 7969-7974 2010
PM, Jucker M
Kobayashi Z, Tsuchiya K, Arai T, Aoki M, Occurrence of basophilic inclusions and FUS-
Hasegawa M, Ishizu H, Akiyama H, Mizusawa H |immunoreactive neuronal and glial inclusions in a case
of familial amyotrophic lateral sclerosis J Neurol Sci 293 6-11 2010
Kobayashi Z, Tsuchiya K, Arai T, Yokota O, Pseudopolyneuritic form of ALS revisited: clinical and
Watabiki S, Ishizu H, Akiyama H, Mizusawa H  |pathological heterogeneity Nearopethol 30 372-380 2010
Kobayashi Z, Tsuchiya K, Arai T, Yokota O, Clinicopathological characteristics of FTLD-TDP
Yoshida M, Shimomura Y, Kondo H, Haga C, showing corti inal tract degeneration but lacking
Asx.aoka T, Onaya M, Ishizu H, Akiyama H, lower motor neuron loss J Neurol Sci 208 70477 2010
Mizusawa H
Kuwahara H, Tsuchiya K, Saito Y, Kobayashi Z, |Frontotemporal lobar degeneration with motor neuron
Miyazaki H, Izumiyama Y, Akiyama H, Arai T, |disease showing severe and circumscribed atrophy of
Mizusawa H anterior temporal lobes J Neurol Sci 297 92-96 2010
Nozaki I, Arai M, Takahashi K, Hamaguchi T, Familial ALS with G298S mutation in TARDBP: a
Yoshikawa H, Muroishi T, Noguchi-Shinohara M, |comparison of CSF tau protein levels with those in
Ito H, Itokawa M, Akiyama H, Kawata A, sporadic ALS Intern Med 49 1209-1212 2010
Yamada M
Tamaoka A, Arai M, Itokawa M, Arai T, TDP-43 M337V mutation in familial amyotrophic lateral
Hasegawa M, Tsuchiya K, Takuma H, Tsuji H, lerosis in Japan.
Ishii . Teuii
shii A, Watanabe M, Takahashi Y, Goto J, Tsuji Intern Med 49 1314 2010
S, Akiyama H.
Yokota O, Davidson Y, Arai T, Hasegawa M, Effect of topographical distribution of alpha-synuclein
Akiyama H, Ishizu H, Terada S, Sikkink S, pathology on TDP-43 accumulation in Lewy body
Pickering-Brown S, Mann DM. di Acta Neuropathol. 120 789-801 2010

17




Yokota O, Davidson Y, Bigio EH, Ishizu H,
Terada S, Arai T, Hasegawa M, Akiyama H,

Phosphorylated TDP-43 pathology and hippocampal
sclerosis in progressive supranuclear palsy.

Sikkink S, Pickering-Brown S,Mann DM. Acta Neuropathol. 120 55-66 2010
FIRBR
¥ % 4 X E 4 ® % & - B e i
Arai T, Hasegawa M, Nonoka T, Kametani F, Phosphorylated and cleaved TDP-43 in ALS, FTLD and
Yamashita M, Hosokawa M, Niizato K, Tsuchiya |other neurodegenerative disorders and in cellul del
K, Kobayashi Z, Ikeda K, Yoshida M, Nonaya M, |of TDP-43 proteinopathy.
Fujishiro H, Akiyama H Neuropathol 30 170-181 2010
Mackenzie IR, Neumann M, Bigio EH, Caims NJ, |[Nomenclature and nosology for neuropathologic
Alafuzoff I, Kril J, Kovacs GG, Ghetti B, Halliday |subtypes of frontotemporal lobar degeneration: an
G, Holm IE, Ince PG, Kamphorst W, Revesz T,  |update
Rozemuller AJ, Kumar-Singh S, Akiyama H,
Baborie A, Spina S, Dickson DW, Trojanowski Acta Neuropathol 119 14 2010

JQ, Mann DM

18




Journal of the Neurological Sciences 301 (2011) 77-85

."!;\._ ji :

ELSEVIER

Contents lists available at ScienceDirect

Journal of the Neurological Sciences

journal homepage: www.elsevier.com/locate/jns

helidlogicals

Clinicopathological study of diffuse neurofibrillary tangles with calcification
With special reference to TDP-43 proteinopathy and alpha-synucleinopathy

Chikako Habuchi ***, Shuji Iritani >, Hirotaka Sekiguchi ?, Youta Torii ?, Ryoko Ishihara ?, Tetsuaki Arai €,
Masato Hasegawa ¢, Kuniaki Tsuchiya ¢, Haruhiko Akiyama ¢, Hiroto Shibayama f, Norio Ozaki®

 Department of Psychiatry, Nagoya University Graduate School of Medicine, Tsurumai-cho, Showa-ku, Nagoya, Aichi-ken 466-8550, Japan

b Aichi Shiroyama Hospital, Nagoya, Japan

© Department of Psychogeriatrics, Tokyo Institute of Psychiatry, Tokyo Metropolitan Organization for Medical Research, Tokyo, Japan
d Department of Molecular Neurobiology, Tokyo Institute of Psychiatry, Tokyo Metropolitan Organization for Medical Research, Tokyo, Japan
¢ Department of Laboratory Medicine and Pathology, Tokyo Metropolitan Matsuzawa Hospital, Tokyo, Japan

f Asahigaoka Hospital, Aichi, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 15 April 2010

Received in revised form 24 October 2010
Accepted 25 October 2010

Available online 24 November 2010

Keywords:

Alzheimer's disease

Diffuse neurofibrillary tangles with
calcification (DNTC)

Frontotemporal lobar degeneration
Non-Alzheimer degenerative dementia
Presenile dementia

Synucleinopathy

Diffuse neurofibrillary tangles with calcification (DNTC) is a relatively rare presenile dementia that clinically
shows overlapping symptoms of Alzheimer's disease and frontotemporal lobar degeneration (FTLD). DNTC
is pathologically characterized by localized temporal or frontotemporal atrophy with massive neurofibrillary
tangles, neuropil threads and Fahr's-type calcification without senile plaques. We tried to clarify the
molecular basis of DNTC by immunohistochemically examining the appearance and distribution of
accumulated alpha-synuclein (aSyn) and TAR DNA-binding protein of 43 kDa (TDP-43) in the brains of 10
Japanese autopsy cases. We also investigated the clinically characteristic symptoms from the clinical charts
and previous reports, and the correlations with neuropathological findings. The characteristic symptoms were
evaluated using the Neuropsychiatric Inventory Questionnaire (NPI-Q). As a result, we confirmed the high
frequency of neuronal cytoplasmic accumulation of aSyn (80%) and phosphorylated TDP-43 (90%) in DNTC
cases. There was a significant correlation between some selected items of NPI-Q scores and the severity of the
limbic TDP-43 pathology. The pathology of DNTC included TDP-43 and aSyn pathology with high frequency.
These abnormal accumulations of TDP-43 might be involved in the pathological process of DNTC, having a

Tauopathy
TDP-43 proteinopathy

close relationship to the FTLD-like psychiatric symptoms during the clinical course.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Diffuse neurofibrillary tangles with calcification (DNTC) is a rare
presenile dementia, thought to belong to tauopathy. Thus far, about

Abbreviations: aSyn, alpha-synuclein; AD, Alzheimer's disease; AGD, argyrophilic
grain disease; ALS, amyotrophic lateral sclerosis; DLB, Dementia with Lewy bodies; DN,
dystrophic neurite; DNTC, diffuse neurofibrillary tangles with calcification; FTLD,
frontotemporal lobar degeneration; FTLD-TDP, FTLD with ubiquitin-positive, tau-
negative, TDP-43 positive neuronal cytoplasmic inclusions; FTLD-U, FTLD .with
ubiquitin-positive, tau-negative neuronal cytoplasmic inclusions; GB, Gallyas-Braak
staining method; GCl, glial cytoplasmic inclusion; G-PDC, Guamanian ALS/parkinsonism-
dementia complex; NFT, neurofibrillary tangles; NCI, neuronal cytoplasmic inclusion; NPI-Q,
Neuropsychiatric Inventory Questionnaire; pTDP-43, phosphorylated TAR DNA-binding
protein of 43 kDa; TDP-43, TAR DNA-binding protein of 43 kDa; Tx-PBS, PBS containing 0.3%
Triton X-100.
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30 or more cases of DNTC have been reported, mainly from Japan.
Clinically, patients with DNTC show overlapping symptoms with
Alzheimer's disease (AD) and frontotemporal lobar degeneration
(FTLD), including progressive memory disturbance, verbal distur-
bances, and personality changes (Fig. 1). Pathologically, DNTC is
characterized by localized temporal or frontotemporal atrophy with
massive neurofibrillary tangles (NFT), neuropil threads and Fahr's-
type calcification without senile plaques [1,2].

Initially the diagnosis was neuropathologic. However, increasing
knowledge about DNTC has made it possible for a clinical diagnosis
also to be made [3,4]. At present, DNTC is considered a non-Alzheimer
degenerative dementia, with frontotemporal lobar atrophy and
frontal lobe syndrome which are characteristic in FTLD.

In 2006, two new discoveries were made in the research field of
FTLD. One was the mutations of progranulin gene in familial FTLD
with ubiquitin-positive, tau-negative neuronal cytoplasmic inclusions
(FTLD-U) linked to chromosome 17 [5-7], and the other was TAR
DNA-binding protein of 43 kDa (TDP-43) as a major component of
ubiquitin-positive inclusions in most sporadic and familial cases of



