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Analysis of the molecular link of amyotrophic lateral sclerosis associated genes in
sporadic ALS model mice
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We found that ADAR2-negative motor neurons in the spinal cord showed TDP-43
pathology, or subcellular mislocalization of TDP-43, in the conditional ADAR2 knockout (AR2) mice, a
mechanistic ALS model in which the ADAR2 gene was targeted in cholinergic neurons including motor
neurons. TDP-43 pathology in the ADAR2-lacking motor neurons in the AR2 mice was caused by abnormal
activation of calpain, a Ca2+-dependent cysteine protease. We revealed several calpain-dependent cleavage
sites in the C-terminal region of TDP-43. Moreover, we found that phosphorylated full-length TDP-43 and
$Sép2§n—dependent TDP-43 fragments were more resistant to cleavage by calpain than endogenous full-length

-43 was.

RNA TDP-43 ADAR2 AMPA



ALS
AMPA GluA2
Q/R RNA
ALS
GIluA2 Q/R RNA
adenosine deaminase acting on RNA 2
(ADAR2) RNA
ALS
ADAR2 mRNA
RNA
ADAR2
ADAR2
AR2
mRNA
TDP-43 TAR DNA binding
protein-43 ALS
TDP-43 TARDBP
ALS
ALS
TDP-43
RNA ADAR2
AMPA GIluA2 Q/R
RNA TDP-43
ALS
ADAR2
TDP-43
TDP-43
TDP-43

ALS

ALS

Fused in sarcoma FUS

ALS
ALS ALS
ALS
ALS RNA
ALS TDP-43
C a.2+
TDP-43
FUS
ALS
TDP-43 FUS RNA
pCold TDP-43
His -TDP-43
MALDI-TOF mass
TDP-43 N C
GFP TDP-43
TDP-43 tau tubulin
kinase 1, 2 TTBK1, 2
TDP-43
1 2
TDP-43

TDP-43



TDP-43

Flag FUS
FUS Flag
ADAR2
TDP-43 TDP-43
N
TDP-43
TDP-43  pCold
MALDI-TOF mass
10
TDP-43
3 N
C HelLa
2
N
N
C
ALS
AR2 ADAR2
TDP-43
ALS TDP-43
TDP-43
TDP-43
TDP-43
TDP-43

TDP-43

TDP-43

TDP-43
1 2 TIBKL, 2 TDP-43
TDP-43

TDP-43
TDP-43

TDP-43

TDP-43

TDP-43

TDP-43
TDP-43
FUS

invitro

Flag N C FUS

ALS
ALS TDP-43 FUS

11
Aizawa H, Hideyama T, Yamashita T,
Kimura T, Suzuki N, Aoki M, Kwak S:
Deficient RNA-editing enzyme ADAR2 in
an amyotrophic lateral sclerosis
patient with a FUSP525L mutation.

J Clin Neurosci in press.
Yamashita T, Teramoto S, Kwak S:
Phosphorylated TDP-43 becomes
resistant to cleavage by calpain: a



regulatory role for phosphorylation
in TDP-43 pathology of ALS/FTLD.
Neurosci Res 107:63-69, 2016.
DOI: 10.1016/j-neures.2015.12.006.
Sasaki S, Yamashita T, Kwak S:
Autophagy in spinal motor neurons of
conditional ADAR2-knockout mice: an
implication for a role of calcium in
increased autophagy flux in ALS.
Neurosci Lett 598:79-84, 2015.
DOI: 10.1016/j-neulet.2015.05.025.
Sasaki S, Yamashita T, Hideyama T,
Kwak S: Unique nuclear vacuoles in the
motor neurons of  conditional
ADAR2-knockout mice. Brain
Res 1550: 536-546, 2014. DOI:
10.1016/j .brainres.2014.01.006.
Yamashita T, Kwak S: The molecular
link between inefficient GluA2 Q/R
site-RNA editing and TDP-43 pathology
in motor neurons of sporadic

amyotrophic lateral sclerosis
patients. Brain Res.
1584:28-38, 2014. DOl :
10.1016/j .brainres.2013.12.011.

, TDP-43

TDP-43

54 1151-1154,2014. DOl :
10.5692/clinicalneurol .54.1151.

, TDP-43

. Dementia Japan, 28
307-318,2014.
Akamatsu M, Takuma H, Yamashita T,
Okada T, Keino-Masu K, Kazuhiro Ishii
K, Kwak S, Masu M, Tamaoka S: A unique
mouse model for investigating the
properties of amyotrophic lateral
sclerosis-associated protein TDP-43,
by in utero electroporation.
Neurosci Res 77:234-241, 2013. DOI:
10.1016 /j.neures. 2013.09.009.
Yamashita T, Chai HL, Teramoto S,
Tsuji S, Shimazaki K, Muramatsu S,
Kwak S: Rescue of amyotrophic lateral
sclerosis phenotype in a mouse model
by intravenous AAV9-ADAR2 delivery to
motor neurons. EMBO Mol Med
5:1710-19, 2013.
DOI:10.1002/emmm.201302935

Umeda T, Yamashita T, Kimura T,
Ohnishi K, Takuma H, Ozeki T,
Takashima A, Tomiyama T, Mori H:
Neurodegenerative disorder
FTDP-17-related tau intron 10 +16C —
T mutation 1increases tau exon 10
splicing and causes tauopathy in
transgenic mice. Am J Pathol .
183: 211-25, 2013. DOl :
10.1016/j .ajpath.2013.03.015.

) RNA editing
. RNA Biology

247 412-420, 2013.
https://www.ishiyaku.co.jp/magazine
s/ayumi/AyumiArticleDetail .aspx?BC=
924705&AC=13256

24

. AMPA

ALS . 38
. . July
28-31, 2015.

Mechanism-based gene therapy for
sporadic ALS. 56

Hot Topics 18" Gene Therapy
for Neurological disorders.

( ).
, May 20-23, 2015. ()

s , , May
21-24, 2014. ( )

Hartmut Oehring, , s
, Gustav Jirikowsk, ,

TDP-43 in vivo
55

, May 21-24, 2014.

: AMPA
GIuA2  Q/R RNA
55




55
, , , May
21-24, 2014.
, - TDP-43
TDP-43
TDP43 55
’ , , May
21-24, 2014_( )

Kwak S, Yamashita T, Chai HL, Teramoto
S, Muramatsu S-1: Development of a
gene therapy for sporadic ALS by
normalizing ADAR2 activity in the
motor neurons using a vascular type
AAV vector. The 24th Meeting of the
European Neurological Society,
Istanbul, Turkey, May 31-June 3, 2014.

¢ )

Akamatsu M, Takuma H, Yamashita T,
Okada T, Masu-Keino K, Oehring H, Kwak
S, Masu M, Jirikowski FG: Electron
microscopic observation of
intranuclear aggregation of TDP-43 in
mouse cerebral cortex produced by in
utero electroporation. 37
Neuro2014,
, September 11-13, 2014.

ALS ALS
37
Neuro2014,
, , September 11-13, 2014.

ALS
TDP-43 - 37
Neuro2014,
, , September 11-13, 2014.

Yamashita T, Chai HL, Teramoto S,
Tsuji S, Shimazaki K, Muramatsu S-1,
Kwak S Mechanism-based gene therapy
for ALS using sporadic ALS model mice

The 45th Annual Meeting Society for
Neuroscience, Washington DC, USA,
November 15-19, 2014.

Yamashita T, Chai HL, Teramoto S,
Muramatsu S, Kwak S Gene therapy for
sporadic ALS using an intravenous
injection of AAV vector. The 25th
International Symposium on MND/ALS,
Brussels, Belgium, December 5-7,
2014.

Kwak S, Yamashita T, Hideyama T,

Teramoto S: Molecular mechanism
generating TDP-43 pathology in
amyotrophic lateral sclerosis (ALS)
motor neurones. The 23rd Meeting of
the European Neurological Society.
Balcerona, Spain, 8-11 June, 2013.

Kwak S, Yamashita T, Teramoto S, Chai
HL: ADAR2-dependent death and TDP-43

mislocalization in motor neurons. 8th
Brain Research conference “ RNA
binding proteins in neurological

disease” San Diego, 7-8 Nov, 2013.

Yamashita T, Hideyama T, Teramoto S,
Takano J, lwata N, Saido TC, Kwak S:
Calpain-dependent cleavage of TDP-43
plays a crucial role in ALS pathology.
8th Brain Research conference " RNA
binding proteins in neurological

disease” San Diego, 7-8 Nov, 2013.

Yamashita T, Hideyama T, Teramoto S,
Takano J, Iwata N, Saido TC, Kwak S:
Calpain-dependent cleavage of TDP-43
plays a crucial role in ALS pathology.
The 44th Annual Meeting Society for
Neuroscience San Diego, 9-13 Nov,
2013.

Yamashita T, Teramoto S, Chai HL,

Muramatsu SI, Kwak S: ADAR2 plays a key



21

22

23

role for death and TDP-43
mislocalization in ALS motor neurons.
The 24th International Symposium on

MND/ALS Milan 6-8 Des 2013

AMPA
GluA2 Q/R RNA
54
30 May-1 June, 2013.

ALS  TDP-43
36
20-23 June 2013.

Clapain

Neuro2013

ALS TDP-43
35
29-30 June 2013.

Clapain

Akamatsu M, Takuma H, Yamashita T,
Okada T, Ishii K, Keino-Masu K, Kwak
S, Masu M, Tamaoka A: TDP-43
aggregation produced by In utero
electroporation and its properties in
The 44th
Society for

9-13 Nov,

the mouse motor neurons.
Annual Meeting
Neuroscience San Diego,

2013.

TDP-43

36

Neuro2013 20-23 June

2013

24

vivo TDP-43
54

May-1 June, 2013

http://square.umin.ac. jp/teamkwak/

@
YAMASHITA, Takenari
20431843
@
©)
KWAK, Shin
40160981

in

30



