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skein-like inclusion (B&EHIA)

Ubiquitin




round inclusion (FEEETA)
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ALS- TDP43
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M337VR % (Tamaoka, et al., Internal Medicine, 2010)
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Isuchiya K, Shintani S, Nakabayashi H, et al. Familial amyotrophic lateral sclerosis
with onset in bulbar sign, benign clinical course, and Bunina bodies: a clinical,
genetic, and pathological study of a Japanese family. Acta Neuropathol 100: 603-

607, 2000 ﬁlJ v
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ALSD- TDP43/ FTLD- TDP43
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- Frontotemporal lobar degeneration with TDP43
proteinopathy (FTLD- TDP43)& (. ®RERE ED
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FTLD-TDP43
« FTLD-U (progranulinZ£) D[RRERELT

DP43hY 72 &

« FTLD- TDP43(%. ubiquitinated TDP43 A ##%
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« Semantic Dementiald., FTLD- TDP43 type C
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TDP43-ir threads and intranuclear inclusions (type A)

- -I'




TDP-43 =

E

' z*ﬁ%l a_iFll_Jl:}S(_}_%)

n 'JJEMI:.TDP43$MZ|K%?7“ YECKETF /N 32—

)L 3 /JI/T@L&;LI

25
20

(kD

C)
Ol
FTLD’TETPLD AN F e

15 % polyacrylamide gel ~ TDP-43 proteinopathy D JE A |
LY EML S, (Ann Neurol 2008)

RER] 1 RE) 2 RE) 3

Prec L Prec L Prec L

ALSTIZ
FUOEIE & BT
HEDONR—VHRT

Prec = precentral; L = lumbar; MND = motor neuron disease; mPGRN = mutations of progranulin gene




FTLD-TDPHJ 247 LG R IR &Y

Type A FTD> PA
progranulin mutation

'ype B \IN[D
'ype C SD
Type D VCP mutation




COFTD/ ALS

Hexarepeat (GGGGCC) exapansion (2-23 to more
than 700) of intron of C9ORF72 gene, forming RNA
foci with aberrant expression.

TDP 43 proteinopathy with Bunina bodies.

TDP 43- negative, ubiquitin, p62, C9 transcript-
positive neuronal intracytoplasmic and intranuclear
inclusions in cerebellar granular cells and star- like
inclusions in hippocampal pyramidal cells.

Deposition of aberrant transcripts precedes TDP43
pathology.

siIRNA clinical trials are on going.




Frequency of cOFTD/ ALS

- ALS FTD

F S F
Finland 52/ 112 (46.4%) 61/ 290 (21.0%) 22/ 75 (29.3%)
Japan 2/94 (2.1%) 0/ 310
Belgium 7115 (47%) 6/122 (5%) 12/ 75 (16%) 9/ 230 (4%)

USA 8/34 (23.5%) 8/ 195 (4.1%) 20/ 171 (11.7%) 6/ 203 (6%)
UK 27/ 63 (43%) 35/ 500 (7%) 32/ 398 (8%)

Ireland 20/ 49 (41%) 19/ 386 (5%)

ltalia 45/141 (37.5%)

Germany 9/ 41 (22.0%)

Netherlands 37/ 129 (28.7%) 5/ 224 (2.2%)




cOFTD/ ALS TDP typing
m_-_—m

Murray 2011
Gijiselinck 2012
Snowden 2012
Simon- Sanchez 2012
Stewart 2012

Hsiung 2012

Mahony 2012

Boeve 2012

Whitwell 2012

Sum

Histopathological typing only.










ALS- FUS / TLS




B AKMAFALSTREEIEFEER

Unknown, 29
SOD1, 27

S0D1 38.6 %
FUS 10.0 %
TARDBP 2.9 %
C90ORF72 1.4%
ERBB4 1.4 %

TBK1, 1

HNRNPA1, -
VCP, 1 FUS, 7 VCP 1.4 OA)
ERBB4, 1 TARDBP, 2 HNRNPA1 1.4%

C9ORF72, 1 TBK1 1.4 %



R AKMHASALSRRAEGFEE

SOD1, 4

Unknown, 323

FUS, 2

TARDBP, 2

CI90RF72, 1

S0D1
FUS
TARDBP
C90RF/72

1.2 %
0.6 %
0.6 %
0.3 %



FUSD ZZ E &R 4L (FALS, SALS)

R AMHNFUSEE (FALS) HAKMHNFUSZTE (SALS)
KRR i 1511 28
N467K 1 G206S 1
K510M 1 R521C 1
R521C 3
R521H 2
27 FUSDpathogenic mutation®) ZF{sL*
K510M
G206S RA9OSX  R514G/S R521G/C/H
R216C R234C/1 G5070  R5145:G515C R522G
G225V R244C K510R/E HS17Q*/P RS 2Z4W/T/S
G230C M254V S513P  R518G/K P525]
G187S 5462F
s57del G156E G191s 1 = 5402 Pdlldelmﬁﬂﬂﬁf_} -'5.14561."&.:-:14_
i || L 1] ] :
FUS()  QGSY-richregion ) Glyrich ) :)D RRM )HGG rich) ?nrjnm:. rlcél_b 526 aa
HL'S MNLS
N467K

*Mackenzie IR et al. Lancet Neurol. 9(10):995-1007 (2010)



FUS/ TLS R521C Mutation
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Tsuchiyva K, Matsunaga T, Aoki M, Haga C, et al. Familial amyotrophic lateral
sclerosis with posterior column degeneration and basophilic inclusion bodies:
a clinical, genetic and pathological study. Clin Neuropathol 2001,20:53-9.
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ALS- FUS P525L
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Clincal and Neuropathologic Findings of ALS in association with FUS gene mutations

T 2 -
v 2 - g = E Y o = 2
S 2 3 o a 2 | Es S £ = 2 =
o0 = = s < < = S =2 2 9 s =
20 E «» </ < £ | &8 52 = &7
z g < s | § £ £ S 55
5 /) S £° s
- - - - alr - n - a e -
Glyl74del Hewitt et al. F 62 26 Bubar  UMN+, LMN+ TDP-43 pathology
months FTD+ Normal pattern of FUS-1r
Gly228 Gly229 Hewitt et al. M 41 25 Bulbar UMN+ TDP-43 pathology
insGly months LMN+ Normal pattern of FUS-1r
Gly507Asp Hewitt et al. M 69 42 LMN UMN+ Glial cells, Normal pattern
months LMN+ of FUS-it n the neurons.
Bunina bodies
R514S/E516V | Robertson et al. ? 44 47 3 Upper = UMN+, LMN+ Neurons (nucl. / cyto.)
limb FTD- Glial cells
c.1554 1557 Béumer et al. M 18 6 Upper  UMN+, LMN+ Neurons ?
delACAG months  limbs FTD-
R521G Kwiatkowski Jr 39.6 26.6+ Neurons (nucl. / cyto.)
+ 16.5
13.3
R521H Vance et al. Neurons (cyto.)
R521C Rademakersetal. | F | 62 66 | 3.5 Lower = UMN+, LMN+ Neurons (cyto.)
limb FTD- Glial cells
R521C Tateishi et al ?7 31 45 14 Upper  UMN?, LMN+ Neurons (nucl./ cyto.)
limb FTD? Glial cells
R521C Kobayashietal. | F | 42 | 44 3 Upper = UMN+, LMN+ Neurons (cyto.)
limb FTD- Glial cells
R524T Hewitt et al. M 61 Upper Neurons (nucl. / cyto.)
limb Glial cells
P525L Huang et al. F 13 14 1.5 Lower | UMN+, LMN+ Neurons (cyto.)
limb FTD-
P525L Béaumer et al. F 22 10 Lower LMN+ Neurons (nucl. / cyto.)
months limb Glial cells
F 18 11 Upper LMN+, UMN+,
months | limbs FTD-
P525L Present case F 2526 1 Upper = UMN+,LMN+, Neurons (cyto.)
Limb FTD-

R521C: mean 49 y/o

P525L: mean 19.5 y/o




SALS- FUS
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FTLDU- FUS/ NIHID
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« ALS6(R521C, P525LZ £)
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IEFLR AW ZZFTALSD/FTLDE| 12 X 6615 (384EfH)

other(1]
FTLD-FUS FTLD-tau (Pick)
(9] (18]
ALSD
(type-B)

(14)

FTLD-TDP FTLD-tau (non-Pick)

(type-A) (9]

(5] FTLD-TDP (type C)

(10]




ALS- SOD1

* The most frequent cause of FALS
* Multisystem degeneration

 Accumulation of neurofilament and
ubiquitinated SOD1




ALSIZBITHEIGLFEE

Familial ALS

nm

>0D1 SOD7 38.9%
eDEp TARDBP 2.8% (M337V)
FUS 5.6% (2/36)
m FUS cOFTD/ ALS 0%

Unknown

MFEMEALSEZFEEDAR
SOD7 3 FUS 2
TARDBP 1 ANG 1
c9FGD/ ALS 0 B&T 7/ 200
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SALS- SOD1 G93S 77F 13Y

SR EA IR T,

KIERE  FEAEEL .

IRRE

64i% : A TEORBIAA A NIET,

65% : LI Mg HIFF,

66i% : ALSEES I, FUBR A AMMT ~2, N BIEBF . EEALRE X
A,

73i% : JaCALS & 8%, 6 HICIEIR R, BiPAPIZENT ,

T7%: R EATE, WK R EE RIS KL AR,

BER. EILER, /NARYR—)LIZKDEMT 7T, E31HFE XL,
£#R134F,
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SOD1ZEEDEERIZBIZE T ZEEME LD

SERIZFEMNE
SOD1 il PR 6% 8 ERAE
genotype FE T EAR
(BEER &)
S134N #90.6 FE D #X 18 THIR AR 11K T TNIPPVEA. 0.7+0.1y
L84V FIR1 . 7TETILE. 1.6+0.5y
L126dellTT  Fi9§Fi82.3+0.5F TALTMHFRIFEEFDLLIITEE. 1.4y
L106V FE B D ImA EIE R TREF2FETRL. 2.5~5y
1149T FBB10FETHIT TG 1=, 4.7+49y
G93S SETETHRIEIFELL L. 7y, 15y
H46R REBISETE/FERA. 115.8+9.9y
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Serial CT scan at the age of 70 (upper)_and 83 (lower) years, respectively.
Alzheimer's disease of 17-year clinical course with the onset of 66 years of age.







?lll"'llltlll“IIIII!IIIIIIIIIIIlll||lil|llII|HlIIIH!]IlIuI.uIn-lllLllIllll]llll|||IIlIIH|I||l||||l|‘ll|lllllill|l|llll]||ll|ll11|ll

- -

Alzheimer disease

Control




6707671 692/693 716/717  Mutations

[3 o 'l Secretases
™
o-secretase B-secretase
Wi sspposniied || |1 i oo csmimavwoces B il
APPso. o-stub APPs B-stub
l y—secretqse(s) / l 'y-secretase(s)
= =] ABg ] ABy»

p3










T IV INA < — R D R &8










Braak’'s Staging of Alzheimer Pathology
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Braak
versp DNA Rerce (1,890 cases)
A

0 I |l 1l 1V \Y VI it
- 34 314 102 46 12 1 0 509

0 66.3 758 818 856 854 81.0 ; 77.5
16 350 149 74 23 1 0 613
A 755 780 836 86.2 886  99.0 - 80.6

8 169 91 /0 23 2 1 3064
B 761 799 828 856 912 820 940 824

3 50 51 80 | 80 100 40 | 404
C 760 794 830 845 | 866 864 839 844

i 61 883 393 270 138 104 41 1890
it 705 777 829 854 876 864 841 809

Aorngo Age Alzheimer Disease: 220/ 1890 = 11.6%




Dynamic Pathology of Alzheimer Disease

- New Diagnostic Criteria (2010 Fall, NIH- 1AA)
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Categorization based on Braak’s Staging

NFT STAGE
o I 1 W iv v Vi
0

MSC
I (49.9%)
B [:Xle ADC
S (21.9%) (20.1%)

MSC : minimal senile change; NFTC:NFT dominant change
PSC :plaque- dominant change; ADC: Alzheimer disease change
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Amyloid ("'C- PIB) PET
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Correlation between CSF AB1-42 and [C-11]PIB uptake
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Table 3. Clinical and Neuropathologic
Diagnoses at Expiration

i

ADNI

Clinical Neuropathologic diagnosis [N (%)] TOTAL (%)
diagnosis  ™up | AD+ AD | AD+ | AD +HS | Pending
DLB + DLB | AGD + AGD
+AGD + TDP-43
DAT 5 6(31.6) | 1(5.3) | 1(5.3) 1(5.3) 3 (15.7) 14 (89.5)
(26.3)
MCI 2 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 2 (10.5)
(10.5)
Normal 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
TOTAL (%) 7 6(31.6) | 1(5.3) | 1(5.3) 1 (5.3) 3 (15.7) 19 (100)
(36.8)

Note: N, number of ADNI cases. AD, Alzheimer’s disease; AGD, argyrophilic grain disease;
DAT, dementia of the Alzheimer type; DLB, dementia with Lewy bodies; MCI, mild cognitive
impairment; TDP-43, TDP-43 proteinopathy in the medial temporal lobe.

Small vessel disease (arteriolosclerosis and cerebral amyloid angiopathy) was a feature of
all cases but none had infarcts.
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VSRAD 14 autopsy/ 2183 clinical cases
No. | Age | Gen_

AD/ AA/ fresh

AD, MultInf 2.21 ot

2 17 M A\D) 3.09 IC occlusion 6
3 86 M aMCI/AD 4,21 DG J/
4 88 = AD 3.18 DG/early AD/SDH 5
3] 75 F ALS-D 053 AD/ LMND 7
6 12 M PD 2.77 PDDT J/
1 90 M Dementia NOS 2.64 Simple atrophy ?

8 712 M AD/ DLB 344 AD/DLB J/
9 84 M MSA./DLB 0.69 DLB/ small inf in CAT 8
10 79 F DLB 4.44 DLB (PDDN) 8
11 80 F PDD 0.43 PDD/ Mult. Inf. 2
12 91 F AD 3.48 DG/ NFTD 9
13 101 F AD 2.43 DG/ NFTD 14
14 81 F aMCI/AD 2.41 AD o




BETEINA A —— (pe/ml) 42 autopsy/ 2006 clinical

n tau ptau Af342

PD 1 1274 29.9 652.7
DLB 10 102.5%=60.0 398114

PSP 9 119.1+=107.3 39.3+15.2 979.0x147.6
CBD 3 156.3+76.3 36.6+4.0 483.1+439.3
DG 2 858.8+19/.38
MND 9) 179.6x167.7 36.0+10.0 087.3+244.1
SCD 2 205.1£39.1 817.6152.5
Pick 1 122.6 38.8 630.5
CJdD 3 913.3+484.2




Braak NFT stage

<tau> <ptau> <ApB42

p=0.005

0: no NFTs

T: transentorhinal stage
L: limbic stage
[: isocortical stage




ADJRIEZZET EZED “"ABC” A: Thal phase for Ap plaques

:phase 0 %L
phase 1-2 $IRE ~ 2%
phase 3 EER~ X

3: phase 4-5 /MNXE B~

Table Percentage of cases exhibiting AB-deposition in a given phase in a given region

Ap Phase 1 | ABPhase2 | AP Phase3 | Ap Phased | Ap Phase 5

= 0,00% TEY:-100%
0 al Regio 0,00%
0,00% 50,00%
0,00% 33,30%
0.00% 33.30% 26%-50%
000% | 33,20%
 D00% 0.00% :

0.00% 0.00%
0,00% 0.00% 0%
D,00% 0.00% 50 -

CA4 0,00% 16, 70% 22,20%

Central Gray 0,00% 0.00% 44 40%

Superior Collicle 0,00% 0.00% 44,40%

Red Nucleus ' 0,00% 0.00% 11,10%

Inferior Olivary Nucleus 0,00% 0.00% 0.00% oo

Subsiantia Nigra 0,00% 0.00% 0,00% 50,00 56, 707

Reticular Formation of the Medulla Oblongata 0,00% 0.00% 0,00% £0,00% 5,00

Cerabellar Molecular Layer 0.00% 0.00% 0.00% 0.00%

Reticular Formation of the Pons 0,00% _ 0.00% _ 0,00% 0,00% 00%

Anterior and Central Raphe nuclei D,00% 0,00% 0,00% 0,00% 52,509

Locus coeruleus 0,00% 0.00% 0.00% 0.00%

Parabrachial Nuclel 0,00% 0.00% 0,00% 0.00%

Reticulo Tegmental Nucieus (Eechterew) 0,00% 0,00% 0,00% 0,00% B2,50%

Dorsal Tegmental Nucleus (Gudden) 0,00% 0,00% 0,00% 0, 00%, A2,509

Nuclei Pontis 0,00% 0.00% 0.00% 0,00% 11,11%

Cer=bellar Granule Cell Layer 0,00% 0,00% 0,00% 0,00% 11,11%

Dentate Nucleus 0,00% 0.00% 0,00% 0,00% 0,00%

Regions exhibiting AR deposits in phase 1 are marked in black, those in phase 2 in 80% gray, those in phase 3 in 60% gray, those in
phase 4 in 40% gray, and those in phase 5 in 20% gray. Regions in white do not show any AR deposits.
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Sparse plaques.

Moderate plaques.
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Table 3 “ABC” score for level of AD neuropathologic change

BEEIZGELSHZEFEL

10

AD neuropathologic change B®
AP C Oor1 2 3
0 0 Not* Not® Not®
1 Oori Low Low Low®
2 or 3 Low Intermediate®
2 Any C Low? Intermediate | Intermediate®
3 Oor1 Low® Intermediate | Intermediate®
20r3 Low? Intermediate



NIA-AAD ADFRIE 2 Wrprotocol (2012)
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AD likelihood: not / low / intermediate / high
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» Lewy body disease (LBD) — DLB likelihood~

» cerebral amyloid angiopathy (CAA)

» vascular brain injury (infarcts, hemorrhage)

» microvascular lesions (lacunae, white matter lesion)
» hippocampal sclerosis (HS)

» TDP-43 lesions

» Diagnosis of FTLD and prion disease (if applicable)
Non-AD tauopathies:
« argyrophilic grain disease (AGD)
Pick, PSP, CBD, other FTLD-tau
« other glial tauopathy




AARBBEREZTILA N DY T—

BA#HRRESZSILAVN\VIRES - \
e === L
BEHE IV INIDORY D=0 (S REEESER

BRAE ; BEAE ; hBAZ , KRRERIAK
2, LBRE ; FRAZE ; BIKE ; BUER
EERRTETIYI—  EIIRR « FisE « 1818
R« IREER ; B TADABREREZY
Hal - ZIREISER N— .« hBOEEREZYY— ; K£./P9 - &85

- IR | St - B - JRREARE - FBE - O
Z2WT o MEBIBHRDS &R

REES - 1518 - 9RER

LAV =5
N — N DR TJUAVINYD (KREIRKRE)

BT — S EEY 2T A
| MBER - FREBROLE
HZEU Y —2DF 31
F—5— %= R5

= = o 2L P Ol =5 yss 337 ) ==
FRESRAESHE  HAFRH h—h ERREEIET SN IA— L4
AR R EE RIS HRE www.mci.gr.jp/BrainBank/




BARILA N\ YR

Japan Brain Bank Net
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