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Pathological and biochemical study of dementia as a combined protein accumulation di
sease
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TDP-43, FUS and tau are the major components of the neuronal and glial inclusions
in a variety of neurodegenerative disorders. The distributions of these proteins were related to the clini
cal features in most disorders. The combined accumulation of these proteins frequently occurred in many of

neurodegenerative disorders, including frontotemporal lobar degeneration, motor neuron diseases and diffu
se neurofibrillary tangles with calcification. Methylene blue reduced tau accumulation in mice harboring t
au gene mutation, suggesting that inhibition of tau aggregation by it may have potential as a drug candida
te for the treatment of tauopathy. The results of the present study suggest developing the methods to dete
ct each protein in biological fluids may be important for the diagnosis and the disease modifying therapy
for the diseases.



(frontotemporal

lobar degeneration; FTLD)
(amyotrophic lateral sclerosis;
ALS) transactivation
responsive DNA-binding protein of 43 kDa

(TDP-43) fused in sarcoma (FUS)
TDP-43
FUS
(1)FTLD
TDP-43 FUS
&)
3
tau
tau
@
TDP-43 FUS
TDP-43
2
tau P301L
5
1) PNFA

tauopathy

TDP-43
TDP-43

(2)tau
(diffuse  neurofibrillary tangles with
calcification: DNTC) 10
10 8
a-synuclein 6 TDP-43
TDP-43
TDP-43
DNTC
(3) FUS
TDP-43
FUS TDP-43
FTLD-MND
FUS
(4) FTLD-FUS9
BIBD 5 NIFID 2 aFTLD-U
1 1
aFTLD-U BIBD
FUS
TDP-43
(5)tau
tau (P301L)
1mg/kg/ tau
39

1. Arai T: Significance and limitation of the
pathological classification of TDP-43
proteinopathy. Neuropathology, in press,
2014,

2. Kawakami I, Hasegawa M, Arai T, Ikeda K,
OshimaK, Niizato K, Aoki N, Katsuse O,
Higashi S, Hosokawa M, Hirayasu Y,
Akiyama H: Tau accumulation in the nucleus
accumbens in tangle-predominant dementia.
Acta Neuropathol Commun 2: 40, 2014, doi:
10.1186/2051-5960-2-40,




10.

Hosokawa M, Arai T, Yamashita M, Tsuji H,
Nonaka T, Masuda-Suzukake M, Tamaoka A,
Hasegawa M, Akiyama H: Differentia
diagnosis of amyotrophic lateral sclerosis
from Guillain-Barre” syndrome by
quantitative determination of TDP-43 in
cerebrospinal fluid. Int J Neurosci 124:
344-349, 2014, doi:
10.3109/00207454.2013.84844,

Tagami S, Okochi M, Yanagida K, Kodama
T, Arai T, Kuwano R, Ikeuchi T, Takeda M:
Ratio and lebel of AB surrogate in
cerebrospinal fluid of familal Alzheimer’s
disease patients with presenilin 1 mutations.
Neurodegener Dis 13: 166-170, 2014, doi:
10.1159/000355258,

Nonaka T, Masuda-Suzukake M, Arai T,
Hasegawa Y, Akatsu H, Obi T, Yoshida M,
Murayama S, Mann DMA, Akiyama H,
Hasegawa M: Prion-like properties of
pathological TDP-43 aggregates from
diseased brains. Cell Rep 4: 124-134, 2013,
doi: 10.1016/j.celrep.2013.06.007,
Kobayashi Z, Kawakami I, Arai T, Yokota
0, Tsuchiya K, Kondo H, Shimomura Y,
Haga C, Aoki N, Hasegawa M, Hosokawa M,
Oshima K, Niizato K, Ishizu H, Terada S,
Onaya M, Ikeda M, Oyanagi K, Nakano I,
Murayama S, Akiyama H, Mizusawa H:
Pathological features of FTLD-FUS in a
Japanese population: Analyses of nine cases.
J Neurol Sci 335: 89-95, 2013, doi:
10.1016/j.jns.2013.08.035,

Kobayashi Z, Akaza M, Ishihara S,
Tomimitsu H, Inadome Y, Arai T, Akiyama
H, Shintani S: Thalamic hypoperfusion in
early stage of progressive supranuclear palsy
(Richardson's syndrome): Report of an
autopsy-confirmed case. J Neurol Sci 335:
224-227, 2013, doi:
10.1016/j.jns.2013.09.005,

Kobayashi Z, Arai T, Yokota O, Tsuchiya K,
Hosokawa M, Oshima K, Niizato K,
Akiyama H, Mizusawa H: Atypical
FTLD-FUS associated with ALS-TDP: a
case report. Neuropathology 33: 83-86, 2013,
doi: 10.1111/j.1440-1789.2012.01325.%,

Masuda-Suzukake M, Nonaka T, Hosokawa
M, Oikawa T, Arai T, Akiyama H, Mann D,
Hasegawa M: Prion-like spreadding of
pathological alpha-synuclein in brain. Brain
136: 1128-1138, 2013, doi:
10.1093/brain/awt037,

. Cognition and Dementia 12: 48-55, 2013,

11.

12.

13.

14.

15.

16.

17.

18.

. Clinical Neuroscinece
12: 1435-1437, 2013,

Foulds PG, Yokota O, Thurston A,
Davidson Y, Ahmed Z, Holton J, Thompson
JC, Akiyama H, Arai T, Hasegawa M,
Gerhard A, Allsop D, Mann DMA: Post
mortem cerebrospinal fluid a-synuclein
levels are raised in multiple system atrophy
and distinguish this from the other
a-synucleinopathies, Parkinson’s disease
and Dementia with Lewy bodies. Neurobiol
Dis 45: 188-195, 2012, doi:
10.1016/j.nbd.2011.08.003,

Aoki N, Tsuchiya K, Kobayashi Z, Arai T,
Togo T, Miyazaki H, Kondo H, Ishizu H,
Uchikado H, Katsuse O, Hirayasu Y,
Akiyama H: Progressive nonfluent aphasia:
arare clinical subtype of FTLD-TDP in
Japan. Neuropathology 32: 272-279, 2012,
doi: 10.1111/j.1440-1789.2011.01253 .x,

Torii Y, Iritani S, Sekiguchi H, Habuchi C,
Hagikura M, Arai T, Tkeda K, Akiyama H,
Ozaki N: Effects of aging on the
morphologies of Heschl's gyrus and the
superior temporal gyrus in schizophrenia: A
postmortem study. Schizophr Res 134:
137-142, 2012, doi:
10.1016/j.schres.2011.10.024,

Tsuji H, Arai T, Kametani F, Nonaka T,
Yamashita M, Suzukake M, Hosokawa M,
Yoshida M, Hatsuda H, Takao M, Saito Y,
Murayama S, Akiyama H, Hasegawa M,
Mann DMA, Tamaoka A: Molecular
analysis and biochemical classification of
TDP-43 proteinopathy. Brain 135:
3380-3391, 2012, doi:
10.1093/brain/aws230,

Hosokawa M, Arai T, Masuda-Suzukake M,
Yamashita M, Nonaka T, Akiyama H,
Hasegawa M: Methylene blue reduced
phosphorylated tau accumulation in P301L
tau transgenic mice. PLoS ONE 7: €52389,
2012, doi: 10.1371/journal.pone.0052389,

23:1121-1127, 2012,

L—— b

. 23:
353-358, 2012,



19.

20.

21.

22.

23.

24.

25.

26.

27.

19: 60-62,

) b b

. Dementia Japan 26:
334-342,2012,

)

Medicament News 2012 6 15

2090  :4-5,2012,

Ando K, Uemura K, Kuzuya A, Maesako M,
Asada-Utsugi M, Kubota M, Aoyagi N,
Yoshioka K, Okawa K, Inoue H, Kawamata
J, Shimohama S, Arai T, Takahashi R,
Kinoshita A: N-cadherin regulates
p38MAPK signaling via association with
JLP: Implications for neurodegeneration in
Alzheimer’s disease. J Biol Chem 286:
7619-28, 2011, doi:
10.1074/jbc.M110.158477,

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, doi: 10.1016/j.jns.2010.10.021,

Aoki N, Tsuchiya K, Togo T, Kobayashi Z,
Uchikado H, Katsuse O, Suzuki K, Fujishiro
H, Arai T, Iseki E, Anno M, Kosaka K,
Akiyama H, Hirayasu Y: Gray matter lesions
in Nasu-Hakola disease: A report on three
autopsy cases. Neuropathology 31: 135-143,
2011, doi:
10.1111/1.1440-1789.2010.01152 %,
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,
doi: 10.1016/j.jns.2010.10.030,

Kobayashi Z, Tsuchiya K, Komachi H, Miki
K, Yokota O, Arai T, Hirotomo M, Ishizu H,
Akiyama H, Mizusawa H: Fatal encephalitis
in a case of hypereosinophilic syndrome:
MRI and autopsy findings. Intern Med 50:
1219-1225, 2011,
https://www.jstage.jst.go.jp/article/internalm
edicine/50/11/50 11 1219/ article,

) b

FUS/TLS ALS.
Clinical Neuroscience 29: 734-735, 2011,

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

, : TDP-43
113: 574-583, 2011,

)

Hasegawa M, Nonaka T, Tsuji H, Tamaoka
A, Yamashita M, Kametani F, Yoshida M,
Arai T, Akiyama H: Molecular dissection of
TDP-43 proteinopathies. ] Mol Neurosci 45:
480-485, 2011, doi:
10.1007/s12031-011-9571-x,

>

88:709-713, 2011,
s : Rivastigmine
14: 1131-1135, 2011,

s 2. s
1) . Geriat Med 49: 767-770,
2011,
: TDP-43. ().
69: 84-87, 2011,

: TDP-43

. ¢ ).
69: 384-388, 2011,

) b >

KLSD-FTLD-MND-FTLD-U. Clinical
Neuroscience 29: 995-998, 2011,

FUS/TLS ALS.
Clinical Neuroscience 29: 734-735, 2011,

>

: . ANTI-AGING
MEDICINE 7: 704-710, 2011,

) > > >

. Dementia
Japan 25: 120-128, 2011,

> ) >

, 53:1201-1206, 2011,

31

32
,2013 11
8-9



FTLD-FUS . 32
, ,2013 11
8-9

3. Arai T, Kawakami I, Mizukami K, Tkeda K,
Oshima K, Niizato K, Kobayashi Z,
Hosokawa M, Nonaka T, Hasegawa M,
Akiyama H, Asada T: Tau pathology in the
parahippocampal region is related to delusion
in the elderly: neuropathological study of two
autopsy cases. Alzheimer’s Association
International Conference 2013, Boston, USA,
July 12-17, 2013

4. Nonaka T, Masuda-Suzukake M, Arai T,
Hasegawa Y, Akatsu H, Obi T, Yoshida M,
Murayama S, Mann D, Akiyama H,
Hasegawa M: Insoluble TDP-43 prepared

from diseased brains has prion-like properties.

Alzheimer’s Association International
Conference 2013, Boston, USA, July 12-17,
2013

5. Takahashi S, Arai T, Mizukami K, Kondo H,
Oshima K, Niizato, K, Hosokawa M,
Akiyama H, Asada T: Alpha-synuclein
pathology in the medulla oblongata in
association with the reduction of the
ventilatory response to hypercapnia in
dementia with Lewy bodies and Parkinson’s
Disease. Alzheimer’s Association
International Conference 2013, Boston, USA,
July 12-17, 2013

6' b b 2 b
. 28 )
,2013 6 5
7' b b 2 b
54
,2013 4
26, ,2013
8' b b — 2
R R , Mann D,

, : Prion-like properties
of pathological TDP-43 in diseased brains.
54 ,
2013 4 25 ,2013
9. , , ,
R , Mann D,

54
,2013 4 25
, ,2013
10. , R R

I1.

12.

13.

14.

15.

16.

17.

18.

19.

> b b b

> B

tangle-predominant dementia

54
,2013 4 25
2013
132
54 ,
2013 4 24 ,2013

Nonaka T, Masuda-Suzukake M, Arai T,
Yoshida M, Murayama S, Mann D, Akiyama
H, Hasegawa M: Prion-like properties of
pathological TDP-43 aggregates in diseased
brains. The 11th International Conference on
Alzheimer’s and Parkinson’s disease,
Florence, Italy, March 6-10, 2013

Takahashi S, Arai T, Mizukami K, Kondo H,
Oshima K, Niizato, K, Hosokawa M,
Akiyama H, Asada T: Pathological
background of the ventilatory response to
hypercapnia in Dementia with Lewy Bodies
and Parkinson’s Disease. The 11th
International Conference on Alzheimer’s and
Parkinson’s disease, Florence, Italy, March
6-10,2013

Arai T: Accumulation of phosphorylated and
cleaved TDP-43 in neurodegenerative
disorders. Seoul Neuropathology Forum,
Seoul, December 8, 2012

> > B

1
592 ,
, ,2012 11 10
: . 31
, ,2012 10
27
3 . 31
, ,2012 10 26
o
. 31
, ,2012 10 26
, «
s ,  Mann David, ,
TDP-43 . 31

R ,2012



10 26
20. Kawakami I, Higashi S, Aoki N, Niizto K,
Ohshima K, Katsuse O, Togo T, Kobayashi Z,
Hosokawa M, Tsuji H, Tamaoka A, Hasegawa
M, Arai T, Tsuchiya K, Hirayasu Y, Akiyama
H: Three autopsy cases of FTD-MND with
progressive aphasia. The 8" International
Conference on Frontotemporal Dementias,
Manchester, UK, September 15, 2012
21. Nonaka T, Masuda-Suzukake M, Arai T,
Hasegawa Y, Yoshida M, Murayama S, Man
DMA, Akiyama H, Hasegawa M:
Intracellular seeding model reproduces
characteristic features of affected neurons in
TDP-43 proteinopathy. The 8" International
Conference on Frontotemporal Dementias,
Manchester, UK, September 15, 2012
22. Arai T, Arai M, Itokawa M, Yoshida M,
Tamaoka A, Kobayashi Z, Hosokawa M,
Hasegawa M, Nonaka T, Tsuji H, Yamada M,
Matsui M, Kaji R, Nakashima K, Kuwano R,
Takahashi S, Asada T, Akiyama H: Screening
of the SOD1, TARDBP and FUS mutations
and the pathological studies in Japanese cases
with familial and sporadic amyotrophic lateral
sclerosis. Alzheimer’s Association
International Conference 2012, Vancouver,
Canada, July 15, 2012
23. Hosokawa M, Arai T, Suzukake M,
Yamashita M, Nonaka T, Hasegawa M,
Kiyama H: Methylene blue reduced tau
phosphorylation and aggregation in P301L
transgenic mice. Alzheimer’s Association
International Conference 2012, Vancouver,
Canada, July 15, 2012
24, , , ,
, , Mann David, ,
:ALS TDP-43 . 53
2012 6 30
25. Hosokawa H, Arai T, Nonaka T, Yamashita
M, Suzukake M, Matsuwaki T, Nishihara M,
Hasegawa M, Akiyama H: Progranulin
reduction affects tau phosphorylation in
P301L tau transgenic mice. Neuroscience
2011, Washington, DC, USA, November
12-16, 2011
26. :
30 1
,2011
11 11
27. , , ,

. 30
R ,2011 11 11
28. Arai T, Matsuwaki T, Hasegawa M, Akiyama

H, Nonaka T, Hosokawa M, Takahashi S,
Mizukami K, Asada T, Nishihara M:
Histopathological analysis of progranulin
knockout mice. Alzheimer’s Association
International Conference 2011, Paris, France,
July 18, 2011

29. Hosokawa M, Arai T, Nonaka T, Yamashita
M, Tsuji H, Hasegawa M, Akiyama H:
Quantitative determination of TDP-43 in
cerebrospinal fluid of patients with
amyotrophic lateral sclerosis and other
neurodegenerative disorders. Alzheimer’s
Association International Conference 2011,
Paris, France, July 18, 2011

30. ) :

—A new classification of

frontotemporal lobar degeneration—. [

I-2] 26 )
2011 6 16
31. , ) >
, :FTLD-FUS 1 .
52 )
,2011 6 3
5
1. ICD-10
2013z 15 (pp49-63)
2.
2013: 6  (pp300-305)
3.
2012: 8
(pp340-347)
4. 5 5
2011:41  (pp82-122)
5. , )
LIFE-SCIENCE INFORMATION CENTER
(ALS) series
2011:7
(pp 83-839)
o 0
o 0
@
ARAI, TETSUAKI
90291145
@

HASEGAWA MASATO
10251232



