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Mechanisms of motor neuron homeostasis and ALS therapeutic strategies focusing
on TDP-43 dysfunction.
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In this study, we examined whether TDPsv, which exhibits dominant-negative
activity against full-length TDP-43, is neurotoxic, and the mechanism of its dominant-negative
activity. Our results indicate that the dominant-negative activity of TDPsv is due to its
competitive inhibition of full-length TDP-43 homodimer formation. We also found that TDPsv is
neurotoxic in iPS cell-derived neurons. Thus, it is suggested that if levels of TDPsv, whose
expression is normally suppressed, are exceed a threshold, TDP-43 function may deviate from optimal
range for over a long period of time, ultimately leading to the ALS-induced neurodegeneration over a

long period of time.

ALS TDP-43



(ALS)

9 ALS
RNA TDP-43
1) ALS ALS
TDP-43 2 ALS
TDP-43
TDP-43 TDP-43
(3) TDP-43
10%
RNA-seq 4 9
TDP-43 (TDPsv-
1) ALS
TDPsv-1 TDP-43
(Hasegawa-Ogawa et al. in preparation) ALS TDP-43
TDPsv-1
ALS TDP-43 TDPsv-1
TDP-43
TDPsv-1
(1) TDPsv-1 (SGs)
TDPsv-1  HelaS3 PML body
PML body
(5) TDPsv-1
FLAG-TDPsv-1 Hel aS3
G3BP1 TDPsv-1 TDP-43
TDPsv-2 TDPsv-1
TDPsv G3BP1
TDPsv
(2)iPS TDPsv-1
iPS (iNeurons) Venus
TDPsv-1-Venus TDPsv-2-Venus 3 7 MAP2
Cleaved caspase-3 (CC3)
(3) TDPsv TDP-43
TDP-43  N-terminal domain (NTD)
(6) TDPsv-1 TDP-43
TDP-43
TDPsv-1 TDP-43 FLAG-TDPsv-1 TDP-43-
Venus HEK293T FLAG-tag Venus
(4) TDPsv-1 TDP-43 TDPsv-1
TDPsv-1 NTD (NTDmt) TDP-43
(4 TDP-43 GPSM2 ATG4B

) TDPsv-1



TDPsv-1 TDP-43
Hasegawa-Ogawa et al. in preparation
TDPsv-1 NTDmt  HEK293T

RT-PCR
(1) TDPsv-1 (SGs)
FLAG-TDPsv-1 HelLaS3 SGs G3BP1
la SGs TDP-43 TDP-FL  TDPsv-1 TDPsv-2
TDPsv-1 SGs 1b
SGs FLAG-TDPsv-1
TDPsv-1
SGs
1 TDPsv-1
(a8) FLAG-TDPsv-1 (b) 100+
G3BP1 » e
Hoechst g 75+
<ol [ g |
& 50—
w .
S5 |
O_
gt
Q' O ©
S 58719
(HeLaS3#f3) A &
() FLAG-TDPsv-1 HelLaS3 G3BP1 SGs
Hoechst SGs
10pm
(b) FLAG 100 G3BP1 SGs ANOVA Tukey
N=3 300 FLAG +SEM
*P<0.05 **P<0.01
(2) iPS TDPsv-1
3 7 TDPsv-1 Venus
TDPsv-2 CC3 2a TDPsv-1
(@) cc3 (b) .
TDPsv-1-Venus @ 30 . -
MAP2 = |—'_| —|
Hoechst 220 ﬂ . :
o -y
8 0 T T L\II Iﬁ T T
s 7 I n - A
< 233 2335
8o SR8
; — -
(iNeurons)
B/ A#%38 BA%TH
2 TDPsv-1
(a) TDPsv-1-Venus iNeurons ( 7 ) TDPsv-1-Venus Ccc3
MAP2 Hoechst
CC3 TDPsv-1-iNeurons 50pm
(b) TDPsv-1-iNeurons cc3 ANOVA Sidak
N=3 300 Venus +SEM  *P<0.05

**P<0.01 **** P<0.0001



(3) TDPsv-1 TDP-43
TDP-FL-Venus FLAG-TDPsv-1 HEK293T
TDP-FL  TDPsv-1
3a TDPsv-1  TDP-FL TDP-FL
(4) TDPsv-1 TDP-43 TDPsv-1
TDPsv-1 NTD NTDmt
3b
TDP-FL  TDPsv-1
3c TDPsv-1 TDP-FL
TDP-FL
(a) Input IP:FLAG
g : 4
. B &2 d &
3FERF BE B
A VENUS | s s — = - TDP-FL-Venus
-— - FLAG-TDP-FL
a FLAG -
- e [ FLAG-TDPsv-1
O B-actin | s s —
IP:FLAG 3
(b) () & E
T g £ P
¢ o = 2
5 E o — |
a Venus ETDP-FL-Venus ATG4B_
FLAG
a FLAG IEI—FLAG-TDPSV-1 Year-] — — |
3 TDPsv-1 TDP-FL
(@) TDPsv-1 TDP-FL FLAG-TDPsv-1 TDP-FL-Venus
HEK293T FLAG Venus
(b) TDPsv-1NTD mt TDP-FL b
(c) GPSM2 ATG4B FLAG-TDPsv-1 -TDPsv-1 NTD mt
HEK293T RT-PCR GPSM2 ATG4B
TDP-43
TDPsv-1 TDP-43
ALS
TDPsv-1
TDP-43
TDP-43 TDP-43
TDP-43 TDP-43 RNA

RNA



< >
(2) Ling SC, Polymenidou M, Cleveland DW (2013) Converging mechanismsin ALS and FTD: disrupted
RNA and protein homeostasis. Neuron 79: 416-438

(2) Ling JP, Pletnikova O, Troncoso JC, Wong PC (2015) TDP-43 repression of nonconserved cryptic exons
iscompromised in ALS-FTD. Science 349: 650-5

(3) Sugai A, Kato T, KoyamaA, Koike Y, Kasahara S, Konno T, Ishihara T, Onodera O (2018) Robustness
and Vulnerability of the Autoregulatory System That Maintains Nuclear TDP-43 Levels: A Trade-off
Hypothesis for ALS Pathology Based on in Silico Data. Front Neurosci 12: 28

(4) Weskamp K, Tank EM, Miguez R, McBride JP, Gémez NB, White M, Lin Z, Gonzalez CM, Serio A,
Sreedharan J, Barmada SJ (2020) Shortened TDP43 isoforms upregulated by neuronal hyperactivity
drive TDP43 pathology in ALS. J Clin Investig 130: 1139-1155

(5) GuoL, Giasson BI, Glavis-BloomA, Brewer MD, Shorter J, Gitler AD, Yang X (2014) A cellular system
that degrades misfolded proteins and protects against neurodegeneration. Mol Cell 55: 15-30

(6) Mompean M, Romano V, Pantoja-Uceda D, Stuani C, Baralle FE, Buratti E, Laurents DV (2017) Point
mutations in the N-terminal domain of transactive response DNA-binding protein 43 kDa (TDP-43)
compromise its stability, dimerization, and functions. J Biol Chem 292: 11992-12006



Minami Hasegawa-Ogawa, Hirotaka James Okano 11

Characterization of the upstream and intron promoters of the gene encoding TAR DNA-binding 2021

protein

Scientific Reports 8720
DOl

10.1038/s41598-021-88015-y

1 0 1

Minami Hasegawa-Ogawa, Asako Onda-Ohto, Hirotaka James Okano

Functional segregation of neuronal ELAVL protein splicing isoforms in human cells and their involvement in ALS
pathophysiology.

Neuro2022

2022

2020-121582 2020




