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From Familial to Sporadic

Hideyuki Okano: Cell Stem Cell, 2018
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Syn, Amyloid, SOD1, RP, etc. Complex genetics/low penetrance
Environment, Ageing

Courtesy of Clive Svendsen
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Taylor JP, Brown RH Jr, Cleveland DW Nature, 2016
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Taylor JP, Brown RH Jr, Cleveland DW Nature, 2016
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Notation (OMIM)
ALS1
ALS2
ALS3
ALS4
ALS5
ALS6
ALS7
ALS8
ALS9
ALS10
ALS11
Progressive LMN
ALS12
ALS13
ALS14
ALS15
FTD-ALS1
ALS16
ALS17
ALS18
ALS19
ALS20
ALS21
ALS22
FTD-ALS2
FTD-ALS3
FTD-ALS4
ALS23
ALS24
ALS25

Chromosome Gene

21922
233
18921
9q34
15qg21
16912
20p13
20913.3
14911
1p36.22
6q21
2p13
10p14-15
12924
9p13
Xp11
9p21
9p13.3
3p11.2
17p13.2
2q34
12913
5q31
2935
22q11.23
5q935.3
12q14.2
10922
4933
12913

SOD1 (1993)
ALS2 (Alsin) (2001)
?

Senetaxin (2004)
Spatacsin (SPG11, 2010)
FUS/TLS (2009)

?

VAPB (2004)

Angiogenin (2006)
TDP-43 (2008)

FIG4 (2009)

Dynactin p150 subunit (2003)
Optineurin (OPTN) (2010)
Ataxin-2 (SCA2, 2010)
VCP (2010)

UBQLN2 (2011)

C90rf72 (2011)

Sigma1iR (2011)

CHMP2B (2010)

Profilin1 (2012)

ErbB4 (2013)

HNRNPA1 (2013)
Matrin-3 (2014)

TUBAA4A (2014)
CHCHD10(2014)
SQSTM1(p62, 2013)
TBK1(2015)

ANXA11 (Annexin A11, 2017)
NEK1(2016)

KIF5A (2018, aka SPG10)

Inheritance/onset

AD / adult

AR / infantile

AD / adult

AD / juvenile

AR / juvenile

AD / adult

AD / adult

AD / adult

AD / adult

AD / adult

AR/

AD / adult, slow progression
AR, AD / adult

AD / Susceptible gene (27-39Q)
AD / adult

XD / adult with or without FTD
AD / adult

AR/ juvenile

AD?

AD

AD / adult

AD

AD

AD? / with or without FTD
AD?

AD?

AD?/ adult, variable phenotype?
AD / adult

AD? [ adult / susceptible gene
AD, adult / susceptible gene
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CTraS method

SB431542,
Dorsomorphine
CHIR99021
Small molecule-treated Motor Neuron (MN)
IPSC IPSC MPC
© 5Days © 14 Days @ 5-40 Days X
———— I
_ sl Wnt \ MN ratio (HB9*Tuj1*/Tuj1*) : 60-70%
Anterior € > Posterior
Dorsal
'\
Shh

Controlling regional identity Ventral
\by modulating Wnt and Shh signalings /

Imaizumi et al., Stem Cell Reports, 2015
Fujimoriet al. Stem Cell Reports, 2017
Fujimori et al., Nat Med, 2018



ALS 6 FUS (fused in sarcoma)
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Fujimori et al.: Nature Medicine | VOL 24 | OCTOBER 2018 | 1579-1589
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ALS10 (TDP43) iPS cells: A gift from Prof. Haruhisa Inoue at CiRA
Egawa et al.: Sci Transl Med 2013




KIEEIEALS (ALS6, ALS10):ERI—a2—0O>

THREShHIRRY

N

—_— —_—
ERG
AEEERRELD
Day O X
MR DHEEZEL IR L HEER - BERZE(L
(Initial Stage) (End Stage)
ZEEBILETF AL6 (FUS) ALS10 (TDP-43) FUS TDP-43
== 0-25 0-20 25- 20-
( « X b L XEBRI - X L XEERA A
s +
ma | FUSRERR © PTDP-A3ET AN | 4iowopia 4z oo
S * Cleaved Caspase-3T * Cleaved Caspase-31T )

V

ERIRD)—=V) DI RA L THER




RFES1T3)—ZALWEALSBRIEMIEDRE

High Content Drug Screening System using familial

Evaluation by various
endpoints 2"d Screening

Time-course analysis of
Neurite Outgrowth

----- Healthy Stress Granules

people

Decrease of Neurite

Abnormal Protein GSt Screening\
Aggregation FUS-ALS TARDBP-ALS

Apoptosis 95 /1232 9 / 95

| > Cell Damage
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Fujimori et al.: Nature Medicine | VOL 24 | OCTOBER 2018 | 1579-1589

Phenotypic rescue (%) Phenotypic rescue (%)
Drugs Rank E)o’;e ALS-iPS carrying FUS mutation Rank Dose ALS-iPS carrying TARDBP mutation BBB i
M) " Neurite FUS SHes o e M) = Neurite Cleaved PTDOP43 T pemeabikty
length aggregates granules length Caspase-3 inclusions
9 0.1 17 0.277 226 0.100 5 0.1 1.2 6.83 744 949
Drug-l 6 1 212 36.3 452 11.0 7 1 103 16.4 15.2 174 No
4 10 393 456 66.8 259 6 10 309 375 36.9 294
6 0.1 232 -142 116 1.2 6 01 5.39 494 433 743
Drug_z 9 1 334 14.8 126 10.3 - 1 204 194 153 203 Yes
9 10 15.1 204 354 18.1 5 10 332 384 299 383
7 0.1 12 1.68 0.617 1.0 - 0.1 204 189 183 9.44
Drug_ 3 8 1 213 18.8 226 221 4 1 392 293 276 30.1 No
8 10 221 18.6 30.5 204 - 10 50.2 394 339 424
5 0.1 -0.18 1.7 217 214 ' 9 0.1 -0.33 -1.83 387 0.88
Drug_4 7 1 -0.27 298 411 213 9 1 583 8.89 6.83 9.38 No
6 10 283 174 523 345 9 10 124 159 204 19.8
Y 654 ar7 566 444 4 0d 203 129 103 04
D ru g_ 5 1 1 838 53.7 423 414 5 1 30.2 252 203 19.1 Yes
1 10 80.2 63.4 70.0 469 8 10 259 184 19.3 21
2 0.1 433 558 36.6 335 1 0.1 504 743 56.2 58.3
D ru g_ 6 2 1 58.3 543 344 48.0 1 1 753 703 69.2 781 Yes
2 10 613 744 66.1 476 1 10 772 879 74.2 824
4 0.1 12.0 1.6 213 221 7 0.1 72 -0.28 0.67 5.38
Drug_7 4 1 26.3 383 20.1 341 6 1 203 256 9.32 188 No
5 10 39.0 448 33.3 55.5 4 10 50.3 402 204 39.1
0.1 232 317 11.6 221 2 0.1 284 374 19.3 332
D ru g_ 8 1 56.2 284 16.4 320 2 1 402 305 294 40.1 Yes
10 674 339 331 445 2 10 60.2 552 56.6 50.3
8 0.1 -11.1 1.3 1.0 0.137 8 0.1 213 -1.12 -0.98 7.62
Drug_g 5 1 8.88 489 286 311 8 1 102 749 3.88 15.9 No
i 10 19 228 227 446 7 10 301 19.3 16.9 206

Drugs 6 and 8 are approved drugs for neurological diseases other than ALS
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Fujimori et al.: Nature Medicine | VOL 24 | OCTOBER 2018 | 1579-1589
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Sporadic ALS Fujimori et al.: Nature Medicine
P.a”u.e.nfs | VOL 24 | OCTOBER 2018 | 1579-1589
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32-case SALS- iPSC Motor Neuron Degenerated MN ROPI responder
LCLs (JaCALS) (32 cases) (MN, 32 cases) (22 cases) 16/22 (73 %)

= SALS

o Drug-responder
- in vitro

% Non-responder
- in vitro

SALS case

N =22; means :

N

FUS-ALS phenotypes

t-test . .
o SALS-1 . ' a1 A
SALS-17 | / [ FUS/G3BP/HEYHo | IR RN SOD1/G3BP/HBY/Ho
N \ FUS-ALS phenotypes TARDBP—ALS phenotypes SOD1 -ALS phenotypes
L
= .. .. &
i Y FUS, TDP43 double (+) , single (+) groups
SALS-30
N . " ° | are ROPI-responders and double (-) groups
° oe 1 10 2 are Non-responders.
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Articles

hitps://doi.org/10.1038/s41591-018-0140-5

nature,, .
medicine

Modeling sporadic ALS in iPSC-derived motor neurons identifies a potential therapeutic agent

nnw

Koki Fujimori', Mitsuru Ishikawa', Asako Otomo22# Naoki Atsuta®, Ryoichi Nakamura®, Tetsuya Akiyama®, Shinji Hadano®*7, Masashi Aoki¢, Hideyuki Saya ¢, Gen Sobue®® and
Hideyuki Okano™

Amyotrophic lateral sclerosis (AL S) is a heterogeneous motor neuron disease for which no effective treatment is available, despite decades of research into SOD7-mutant familial ALS (FALS). The majority of ALS patients have no familial history, making
the modeling of sporadic ALS (SALS) essential to the development of ALS therapeutics. However, as mutations underlying ALS pathogenesis havenot yet been identified, it remains difficult to establish usefulmodels of SALS. Using induced pluripotent
stem cell (iPSC) technology to generate stem and differentiated cells retaining the patients’ full genetic information, we have estab- lished a large number of in vitro cellular models of SALS. These models showed phenctypic differences in their pattemof
neuronal degeneration, types of abnormal protein aggregates, cell death mechanisms, and onset and progression of these phenotypes in  vitro among cases. We therefore developed a system for case clustering capable of subdividing these

SALS mod- els by their in vitro characteristics. We further evaluated multiple-phenotype rescue of these subclassified SALS models using agents selected from non-SOD1 FALS models, and identified ropinirole as a potential therapeutic
candidate. Integration of the datasets acquired in this study permitted the visualization of molecular pathologies shared acrossa wide range of SALS models.

Nature Medicine | VOL 24 | OCTOBER 2018 | 1579-1589 |
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