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1. Facts about ALS



Facts about ALS

Name

H MY[]TRU P H I E “No” “muscle” “nourishment”

I_HTERH'_ From the spinal cord to the side

S [: I_E R[] S I S An abnormal hardening...

A progressive neurodegenerative disease that
causes loss of muscle control



Facts about ALS

Current knowledge

il. i
Every 90 mins
5,000"' 2-5 years someone is diagnosed
People are diagnosed Is the average life and someone passes

per year expectancy away from ALS

e

$250,000
90 percent 10 percent is the estimated out-
of cases occur of cases are linked of-pocket cost for
without family history with family history caring an ALS patient

e There is
is tfi%s?rﬂ!je(:ir::ost N O C U R E

to develop a drug to

slow or stop the f ALS
progression of ALS O r

https://www.als.org/understanding-als/what-is-als



Facts about ALS
History

French neurologist
Jean-Martin Charcot
identified and named
the disease as ALS

1874 1939

/\

ALS gains
mainstream
attention

https://www.pharmaceutical-technology.com/features/history-of-als



Gehrig Victim of Paralysis;
Probably Lost to Baseball

Lou Has Chronic
Ailment, President

Of Yanks Announces |

By the Associated Press
NEW YORK, June 21.-Ed Bar-

row, president of the New York | F

Yankees, announced today that Lou

Gehrig is suffering from chronic in- |

fantile paralysis and probably will
never play baseball again.

Mr. Barrow's statement came after
Gehrig had turned over to him the
formal report made by Mayo Clinlc
experts. Gehrig had spent several
dayvs in the clinic in order to have
A thorough check made of his phy-
sical condition

The one-time great first baseman
had been worried about his condi-
tion all year. After making a bad
showing in the field and at bat
during the early part of the sea-

Facts about ALS

o

o

Lou Gehrig drew public attention

Gehrig was diagnosed with ALS on his 36th birthday
during a visit to the Mayo Clinic on June 19, 1939.

Prior to his diagnosis, Gehrig noticed a loss of strength,
slipping, and loss of coordination while playing on the field.

“I might have been given a bad break, but I've got an
awtful lot to live for. ”

Iconic 1939 "Luckiest Man on the Face of the Earth" speech at Yankee Stadium




Facts about ALS

History
enes weighte number of publications
French neurologist SODT  pssmeswegdbymmbeety |
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Lou Gehrig’s disease

https://www.pharmaceutical-technology.com/features/history-of-als



Facts about ALS

History
i ALS genes weighted by number of publications
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Lou Gehrig’s disease

https://www.pharmaceutical-technology.com/features/history-of-als



Facts about ALS

Risk factors

Male

gender is consistently detected as a factor
associated with a 1.5 times increased risk of
developing ALS compared with female gender.

Smoking

increases ALS risk, possibly caused by
nicotine, oxidative stress, or one of the many
other known toxic substances.

Military
veterans are more likely to be diagnosed with
the disease than the general public.

74 2 ////::/ o »
| SN 5
Occupation Toxin Trauma Athletics Cognitive
performance

Oskarsson B., Horton D.K., Mitsumoto H., Neurol Clin. 2015, 33(4)






Functionality and

independence

ALS symptoms and phenotypes

Symptoms along disease progression

2/3 of the patients 1/3 of the patients

disease onset in the limbs disease onset in the bulbar muscle

« Difficulty in gripping objects e Poor articulation and slurring speech
e Balance issues... * Anunusually hoarse or quiet voice...

https://alsnewstoday.com/stages-of-als/
https://www.mda.org/disease/amyotrophic-lateral-sclerosis/signs-and-symptoms/stages-of-als




Functionality and

independence

ALS symptoms and phenotypes

Symptoms along disease progression

! 2/3 of the patients 1/3 of the patients
\ disease onset in the limbs disease onset in the bulbar muscle
« Difficulty in gripping objects e Poor articulation and slurring speech
 Balance issues... * An unusually hoarse or quiet voice...

* Muscles become completely paralyzed and others are weakened
* Rely on aids like walkers or wheelchairs
* Speaking and breathing problem

* Mobility is extremely limited
* |nability to communicate without assistance
* Aids in feeding and breathing are required

Respiratory failure

is the most common cause of death in ALS.
Others including malnutrition, pulmonary embolism...

https://alsnewstoday.com/stages-of-als/
https://www.mda.org/disease/amyotrophic-lateral-sclerosis/signs-and-symptoms/stages-of-als




Functionality
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ALS symptoms and phenotypes

Varied timelines of disease progression
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The average survival time is three years, about 20% of people with ALS
live five years, 10% survive 10 years and 5% live 20 years or longer.

Patients with bulbar-onset suffers worse prognosis, respiratory-onset worst

Swinnen, B., & Robberecht, W., Nature Reviews Neurology, 2014, 10(11), 661-670.



ALS symptoms and phenotypes

Aging-related disease and juvenile onset

3 .
o\

The majority of ALS starts in fifth or sixth decade of life

The older the onset, the more impacted bulbar system
and poorer prognosis

Juvenile onset (<25ys) usually show slower progression

https://www.scientificamerican.com/article/stephen-hawking-als/
Swinnen, B., & Robberecht, W., Nature Reviews Neurology, 2014, 10(11), 661-670.



ALS symptoms and phenotypes

Juvenile onset and Stephen Hawking’s case

Stephen Hawking 1942-2018
Theoretical physicist, cosmologist and author

Active mind, psychological
well-being, excellent care...

e Disease onset at the age of 21, 1962
e Starting speaking through computer in 1985 An extreme outlier

https://www.scientificamerican.com/article/stephen-hawking-als/
https://en.wikipedia.org/wiki/Stephen_Hawking



3. What do we know about the cause?
Pathophysiology and genetics



ALS pathophysiology and genetics

Motor neurons’ disease

Healthy ALS

Cerebrum

TARDBP inclusions

Cortical degeneration/Inflammation
Increased MRI signal in CST

Motor cortex

— Betz cell shrinkage

Spinal cord + brainstem

Loss of myelinated UHM axons
Loss of LMN soma

Dying motorneurons

Y Activated microglia

Y& Reactive astrocytes

Brainstem

Peripheral nerve
Focal defects
in motor axons

Cervical -

) Neuromuscular junction
i Thoracnc Nerve retraction
Lumbar
- Skeletal muscle
Fiber type grouping
Sacral i

Degeneration of motor neurons

Schweingruber, C., & Hedlund, E. Biology, 2021, 11(8)
Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)



ALS pathophysiology and genetics

Motor neurons’ disease

Degeneration of motor neurons
Neurons shrink and accumulate inclusions

D A;Néw@h
i v, - cell body

cell body

Thoracic spinal cord of ALS patient (left) SOD1 aggregates in TDP-43 cytoplasmic
compared with age matched control (right). SOD1-related familial ALS inclusions in sporadic ALS

How does this happen?

https://www.pathologyoutlines.com/topic/cnsals.html
Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)



ALS pathophysiology and genetics

Main theories

...........................................................................................................................

Descending .
i corticospinal neuron

................................

................................................

Oligodendrocyte

Glutamate
(

Spinal motor {
neuron

Astrocyte

Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)



ALS pathophysiology and genetics
Mystery of SOD1

0,
831(‘ H20:2
SOD1 dimer
First ALS gene discovered in 1993 Cu—Zn superoxide dismutase

Is it due to the reduced activity and subsequent ROS damage?

Rosen, D. R., Siddique, T., et al. Nature, 1993, 362(6415)



ALS pathophysiology and genetics

Mystery of SOD1
Counterargument 1 Counterargument 2
170 ALS-causing SOD1 Native dismutase activity has no effect
mutations in its 153 aa peptide on SOD1-ALS disease progression
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In many years since the discovery of mutations in SOD1,
no consensus on the main toxicity of mutant SOD1 has emerged

Turner, B. J., & Talbot, K. Progress in neurobiology, 2008, 85(1)
Bruijn, L. I., Houseweart, M. K., et al. Science, 2018, 281(5384)



ALS pathophysiology and genetics
A prominent finding: SOD1 aggregates

Clinical onset

SOD1
stain

SOD1 aggregates
Ubiquitinated

Ub
stain

Misfolded SOD1 forms ubiquitinated cytoplasmic inclusions that can
occur early in ALS and that escalate as the disease progresses

Bruijn, L. |., Becher, M. W., et al. Neuron, 1997, 18(2)



ALS pathophysiology and genetics

Main theories
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Descending .
i corticospinal neuron
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Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)



ALS pathophysiology and genetics

Disturbance of PQC
UBIQUITINTAION DEGRADATION
Misfolded E3
protein ligases:
CHIP, UBIQUITIN PROTEASOME SYSTEM (UPS)
other ;
‘ 59 2
-t ® AW
{‘ <
% DlIJB o Proteasome A
QP
Ub Uy
o AUTOPHAGY
«’ E3-ligases:
Parkin, A
CHIP, other Lysosome
¥ n62, ’
L NBR1 7%
: —
o= : ” -
’ & .| I
s .} A .}
¢ ¢
A Ubiquitinated R, 0 \ Y
aggregate - lusion body
Phagophore Autophagosome Autolysosome

Insoluble
inclusions

Mutation of autophagy adaptors found to cause ALS
VCP, SQSTM1, UBQLNZ2, OPTN, TBK1

Shaid, S., Brandts, C. H., Serve, H., & Dikic, I. Cell death and differentiation, 2013, 20(1)



ALS pathophysiology and genetics

TDP43 condensations

ALS-causing mutations mostly in C-term...

NLS NES
|
10p-43 () YY) wewn ) YRz ) ) o) ) 4143
| I T TTC TN T T
D169G K263E

N267S _<<\\\\\\

G287S G294A/V M311V  Q343R  Y374X 1383V
G290A G295R/S A315T N345K  N378D G384R
S292N G298S  A321V/G G348C/V S379P/C N390D/S
Q331K N352T/S A382P/T S393L
S332N  R361S
G335D  P363A
M337V

RRM1: RNA recognition motif

o

A IDR
Ubiguitinated TDP-43 aggregates in >90% \g Required for LLPS

ALS patients’ motor neurons and glial cells

Neumann, M., Sampathu, D. M., et al. Science, 2006, 314(5796)



ALS pathophysiology and genetics

TDP43 condensations

TDP-43 TDP-43 Merged with
Monomer Pan DAPI ChAT

nuclear

Control 1

nuclear

Control 4

nuclear...

ALS 6

nuclear

ALS 7

TDP-43 mislocalization and aggregation is now
recognized widely as the hallmark of all forms of ALS

Oiwa, K., Watanabe, S., Science advances, 2023, 9(31)



ALS pathophysiology and genetics

TDP43 condensations

Physiological condition | Stress condition | ALS

RNA splicing RNAYQlicing —y, Loss of Loss of function

T

Decreased nuclear TDP-43

Dimer
Multlmeru Monomerft
‘\ \

‘ ‘»‘\_

Dimer Dimer
Multimer ~ Monomer Multlmerl Monomert
- "N
5 N

Nucleocytoplasmic shuttling \§\Eﬁ\¥\i\z\

Cytoplasmic mislocalization
/ =~ TDP-43

B~~~ C-terminal fragment Phosphorylated aggregation

-:)_/@ Phosphorylated TDP-43

A recent model accounting for TDP43 mislocation

Oiwa, K., Watanabe, S., Science advances, 2023, 9(31)



ALS pathophysiology and genetics

Main theories

...............................................................................................

Descending
1 corticospinal neuron

................................

................................................

Oligodendrocyte

.......

Glutamate
( L

.....................

Spinal motor {
neuron

Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Astrocyte



ALS pathophysiology and genetics
ALS-causing RBP disturbances

29 ¢

pemico ™m0 fus A A
NLS
“RRM- L Lo - TDP-43
,

I - —
MSP

I I - ARRNP A2/B1
— T - AnRNP DL
T T ooty

Mutation causing: ¥ ALS-FTD ? MSP  ? Myopathy

ALS mutations are found in members of the hnRNP family of proteins
that regulates RNA metabolism at every stage of the RNA life cycle

They bind to thousands of RNA targets

Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)
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RBP-RNA pathogenic phase separation

Deposition of
amyloid-like fibrils
Individual RNPs Membraneless organelle

=R
IR

= I
RRM

messenger RNPs
(RBPs bound

fibrils |
—

—

y

to RNA) RNA
granule
Accumulation . _ LLPS persistent
of RBPs T LIS Mt e - condensates
: . . . , Hyperassembly of
Mutations, misrequlations, impared transportation stress granules

Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)



ALS pathophysiology and genetics
RBP-RNA pathogenic phase separation

Exporting from Importing into

nuclear nuclear
Cytosolic sink of RNPs -

2y
T A *“

Accumulation : _ LLPS persistent
of RBPs + A TS - condensates
_ , , , _ Hyperassembly of
Mutations, misrequlations, impared transportation stress granules

Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)



ALS pathophysiology and genetics
RBP-RNA pathogenic phase separation

Exporting from Importing from

nuclear nuclear
Cytosolic sink of RNPs -
| 2
% Imbalance and
— & loss of function
o | RNA splicing,
silencing...

Accumulation : _ LLPS persistent
of RBPs + A TS - condensates
_ , , , _ Hyperassembly of
Mutations, misrequlations, impared transportation stress granules

Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)
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C9orf72
Exons 1lalb 2 3 45 6 7 8 9 10 11
C9orf72
ATG l TAA
(GGGGCC)n

Expanded GGGGCC-repeat
RNA transcript

First discovered through sequencing of non-coding region of chromosome 9p21

n =2 - 23 in healthy individuals

n > 60 in affected individuals

n 20 60 1000+

Renton, A. E., Majounie, E., Waite, A., et al. Neuron, 2011, 72(2)
Dedesus-Hernandez, M., Mackenzie, |. R., Boeve, B. F,, et al., Neuron, 2011, 72(2)
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C9orf72 loss of function

Decreasing of transcripts level

Frontal Cortex Lymphoblast Cells

s ? 140 %% — g _ 140 %% — C9orf72 KO mice
< 2 1207 < 2 120;

- . [ .
= g 138 Z & 1?38 No ALS /FTD features
E ' €0 '
~ & 601 ~ O 60 Aged normally
E S 404 £ S 40/
g2 20 S 209
Oos 0 o 0- :

expanded + — expanded + - N 7

repeat: repeat:

Loss of protein level

Non-cell-autonomous
inflammatory

Loss of function not
considered as the
essential cause

Ctri fibr

Renton, A. E., Majounie, E., Waite, A., et al. Neuron, 2011, 72(2)
Dedesus-Hernandez, M., Mackenzie, |. R., Boeve, B. F,, et al., Neuron, 2011, 72(2)



ALS pathophysiology and genetics
C9orf72 gain of function

Abnormal RNA foci
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Ash, P. E., Bieniek, K. F,, T. F., Caulfield, et al. Neuron, 2013, 77(4)
Dedesus-Hernandez, M., Mackenzie, |. R., Boeve, B. F,, et al., Neuron, 2011, 72(2)
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C9orf72 gain of function

g =

Global Translation

Nucleocytoplasmic

transport Ran Translation

el

02 02 Mitochondria
| B o oE
N ROS =
G-quartet R-loop DPR

Tang, X., Toro, A., T G, S., Gao, J., Chalk, J., Oskarsson, B., & Zhang, K., Molecular neurodegeneration, 2020, 15(1)
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Main theories

...........................................................................................................................

Descending .
i corticospinal neuron
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Oligodendrocyte

Glutamate

Spinal motor {
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Schwann cell
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Alternative splicing miRNA biogenesis

Sequestration of .
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Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)
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Axonal disorganization and disrupted transport
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To quickly respond to synaptic signals, neurons must transport all necessary components for translation
(mMRNA, ribosomes and translation factors) to distal sites for local protein synthesis

ALS-causing mutation: KIF5A, DCTN1, NEFH, TUBA4A......
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Main theories

___________________________________________________________________________________________________________________________

Descending
corticospinal neuron
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Glutamate
(

Spinal motor |
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f Disturbances in RNA metabolism

M— -
1
N E—_————— z i
N7 - !

— -

Alternative splicing miRNA biogenesis
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Dynactin
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Taylor, J. P, Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)
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The crucial role of glia cells

CENTRAL NERVOUS SYSTEM
] MACROGLIA MICROGLIA
Astrocytes Oligodendrocytes NG2-glia

7|

Lifelong precursors
CNS homeostasi Myelinate and support axons of oligodendrocytes Immune cells of CNS

PERIPHERAL NERVOUS SYSTEM

Schwann cells Satellite glial cells 2Ol er SLCLUL Enteric glia

Olfactory | Circular
muscle /

Olfactory
mucosa

Lumen

I _ Neural ganglion _ 4
. ) Mucosa _
Support neurons Lifelong regeneration Support neurons in
Myelinate and support axons in peripheral ganglia of olfactory axons the enteric nervous system

Vila-Pueyo, M., Gliga, O., Gallardo, V. J., & Pozo-Rosich, P. International journal of molecular sciences, 2023, 24(16)
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Neuroinflammation in ALS

Monocytic/Macrophage/
Microglial Transcripts
SALS fALS NNDC -
CD14 = S *
MICROGLIA CD18 I T o e e 5;;@ ’L
CD11b EXEESEEST INEEREI L TEEL] . icdodibeldic i e 1 ”;
CDE8 ey P 3 o
SR-A T € 04

o.zl
HLA-DR o |2

Rate of Disease Progression

Activation of microglias — faster rate of disease progression

* * s —— Minocycline

10 4
Immune cells of CNS g —— Saline
8 -
—_ *
hyperactivated E ™
in all types of ALS =
2
) /\ /»\/"\ L(‘/ ) p 4 0 T T T T T T T T T T ]
PHECTY wm =P = 9 10 11 12 13 14 15 16 17 18 19 20
~ 2R —~C 0“ - - Age (weeks)
. L v . . Saline (n=10) Minocycline (n=10) P value
Oxygen radicals, nitric oxide, and cytokines... Onsst 903222 100215 0.001
Mortality — 125.6+3.4 136.8+1.2 <0.01

Release of cytotoxic

and inflammatory mediators Inhibited activation — delayed onset and prolonged survival

Kawamata, T., Akiyama, H., Yamada, T., & McGeer, P. L., The American journal of pathology, 1992, 140(3)
Zhu, S., Stavrovskaya, I. G., Drozda, M., et al. Nature, 2002, 417(6884)
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Astrocytes

Provides motor neurons with
nutrients, ion buffering, and
recycling of the
neurotransmitter glutamate

One of the eatrliest
proposed mechanisms

Taylor, J.

Glutamate excitotoxicity

Healthy

Neuron
Glutamate

EAAT2 2R .-3%0..0.7
Astrocyte
neuron
Neuron
Glutamate
. @ r: s
SR 32 J) ? Lo
Ry _‘.::;
Reactive E et u":' Vot s s '::\0:'-..'
B R AR MR
Astrocyte - : A

(A2
/
Motor t [Ca?]
neuron &
t [ROS]

Wang, G Y et al. 2020

Glutamate recycled through
EAATZ transporter into astrocyte
to prevent excessive firing of
lower moter neurons

Repetitive firing caused by
accumulated synaptic glutamate

Calcium influx,
endoplasmic reticulum (ER) and
mitochondrial stress

P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)
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“Familiar and sporadic”

Monogenic Polygenic

Sporadic (90%) Familial (10%)

Wi Peteteeeee
PR frteeeeee
YY) tttteeeeee
TATSTATRTATRTaArA T £ ATRTeanATATarT
PRUTIIPYRE) | PUPPYRRE R

Key: © SOD1 © FUS ® C9orf72
@ TDP43 O sQsTM1 O Unknown

TRENDS in Genetics

Although sporadic ALS should refer strictly to disease that
presents without a family history of ALS, this term is sometimes
mistakenly used to refer to ALS that occurs without a genetic basis

Low penetrance: few mutation carriers High penetrance: many mutation carriers
develop amyotrophic lateral sclerosis develop amyotrophic lateral sclerosis

Lattante, S., Ciura, S., Rouleau, G.A., Kabashi E., Trends Genet. 2015, 31(5)
Goutman, S. A., Hardiman, O., Al-Chalabi, A., Chid, A., Savelieff, M. G., Kiernan, M. C., & Feldman, E. L. The Lancet. Neurology, 2022, 21(5)
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Treasure hunting in ALS genetics

The NEW ENGLAND JOURNAL of MEDICINE

I ]

Whole-Genome Analysis of Sporadic
Amyotrophic Lateral Sclerosis

Travis Dunckley, Ph.D., Matthew J. Huentelman, Ph.D., David W. Craig, Ph.D.
John V. Pearson, B.Sc., Szabolcs Szelinger, B.S., Keta Joshipura, B.S

ecca F. Halperin, B.Sc., Chelsea Stamper, B.S., Kendall R. Jensen, Ph.D.,
David Letizia, M.S., Sharon E. Hesterlee, Ph.D., Alan Pestronk, M.D.

d Levine, M.D., Tulio Bertorini, M.D., Michal C. Graves, M.D.
Tahseen Mozaffar, M.D., Carlayne E. Jackson, M.D., Peter Bosch, M.D.,

April McVey, M.D., Arthur Dick, M.D., Richard Barohn, M.D.
Catherine Lomen-Hoerth, M.D. senfeld, M.D.

Daniel T. 0'Connr, M 0., Kuising Zhang, M.D., Ph.D., Richard Crook, Ph.0.
Henrik Ryberg, Ph.D., Michael Hutton, Ph.D., Jonathan Katz, M.D.
Ericka P. Simpson, M.D., Hiroshi Mitsumo Robert Bowser, Ph.D.
Robert G. Miller, M.D., Stanley H. Appel, M.D., and Dietrich A. Stephan, Ph.D.

ABSTRACT

‘Approximately 90% of persons with amyotrophic lateral sclerosis (ALS) have the spo-
sadic form, which may be caused by the interaction of multple environmental fac- 3¢

tors and previously unknown genes. o
meTHoDs u

. o
We usin poly-

morphisms {SNDY found in 356 white patients with spor.\dlt ALS and soz neuro- (1
logically normal white controls (the discovery series). Associati

0
ALS were confirmed in two independent repl| P
series 1, with 766 case patients with the disease and 750 neurologically normal con- A
trols, and replication series 2, with 135 case patients and 275 controls 2
"

Resurs o

We identified 10 genetic loci that are significantly associated (P<0.05) with sporadic €
ALS in three independent series of case patients and controls and an additional 41 loci
that had significant associations in two of the three series. The most significant as- i
sociation with disease in white case patients as compared with controls was found for
2 SNP near an uncharacterized gene known as FLJI0986 (=3.0x 10~ odds ratio for (¢
having the genotype in patients vs. contols, 1.35; 95% confidence interval, 113 to &
1.62). The FLJI0986 protein was found to be expressed in the spinal cord and cere- P

zo

b
brospinal fluid of patients and of controls. Specific SNPs seem to be associated with 1
sex, age at onset, and site of onset of sporadic ALS. af

W
conciusions o

Variants of FLJ10986 may confer susceptibility o sporadic ALS. FLJ10986 and 50 other 20
candidate loci warrant further investigation for their potential ole in conferring sus-
ceptibility to the disease. o
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A multi-ethnic meta-anal
including ACSLS, associat:
lateral sclerosis

Ryoichi Nakamura® et al.*

Amyotrophic lateral sclerosis (ALS) is 3 devastating progressive
affects people of all ethnicities. Approximately 90% of ALS cases
have multfactorial pathogenesis. To understand the genetics of

 genome-wide association study using 1,173 sporadic ALS cas
Japanese population. A combined meta-analysis of our Japaness
European ancestry revealed a significant association at the ACSL
10°8). We validated the association with ACSLS in a replicat
population and an independent Japanese population (1941 ALS c
b %1074). I the combined meta-analysis, the intronic AC:
the strongest association (p=7.81x 10", Using a gene-base
ethnic dataset, we uncovered additional genes significantly as
RAPGEFS, FNBP1, and ATXN3. These results advance our understaf
sporadic ALS.

*A Tst of authors and ther affations appears at the end of the paper
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Abstract
Following reports of an increased incidence of amyotrophic ateral sclerosis (ALS) in U,
high-density genomewide association study (GWAS) of ALS outcome and surival time

veteran cases diagnosed with definite or probable ALS and 348 Caucasian veteran con'
n't

association betureen SNPs and post-clagnosi sunival time in 639 Caucasan veteran ca

Afer this discovery phase, we performed follow-up genotyping of 299 SNPs in an in
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Novel Genetic Signatures Associated
With Sporadic Amyotrophic Lateral
Sclerosis

Robert Logan", Juleah Dubel-Haag’, Nicolas Schcolnicov’ and Sean J. Miller'
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Establshing a diagnosis for ALS is a challenging and lengthy process. By the time a
diagnosis is made, the ffespan prognosis is only about two 1o 5 years. Genefic testing can
for ALS, provid the known famil

genes. However, the vast majority of ALS cases are sporadic and have no known
assodiated genetic signatures. Our analysis of the whole genome sequencing data
from ALS patients and healthy controls from the Answer ALS Consortium has
uncovered twenty-three novel mutations - twenty-two _protein-coding ~ genes
assodiated with sporadic ALS cases. The resuts show the majority of patients with the
sporadic form of ALS have at least one or more mutation(s) n the 22 genes we have
identified with probabilties of developing ALS ranging from 25-99%, depending on the
number of mutations a patient has among the identified genes. Moreover, we have
identified a subset of the ALS cohort that has >17 mutations in the 22 identiied. In
this case, a patient with this mutation profie has a 99% chance of developing ALS and
‘could be classified as being at high isk for the disease. These genetic biomarkers can be
used as an early ALS disease diagnostic tool with a rapid and non-invasive technique.

INTRODUCTION
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14 Fabrur 2019). These complications result in a late diagnosis, after the underlying pathology is already well
e e underway. The universal prognosis of about two to 5 years left to live post-diagnosis is evidence of
Siorroundin Tou Gitation: s fact (Knibb et al., 2016; Su et al., 2021). There is a dire need to establish an earlier diagnosis of
R Tt e o 'ALS 0 that those withthe cisase <an havea Fghting chance at caler therapeuic inervntin.
i 80255 o Gt

s can be grouped by two categories: fumilal ALS (ALS), where the patint has 2

geneticall related family member al dic ALS (SALS),
fmly sty o 15 hangt 2016 Mun 019, Fiorily, 5 10% of s e ALS,
and the other 90-95% cases are SALS (Foylan, 2015). In the past 10 years, the CIORF72

RESULTS BY YEAR
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1993 2023

“Genome Analysis Sporadic ALS”
> 300 results

Great demand of whole-genome sequencing in ALS research
fo identify known pathogenic mutations in up to 70% of familial and 15% of sporadic cases

Sequencing technology development to enable easier whole genome sequencing



4. Clinical practices and social impacts
There is no cure, but there is hope



Clinical practices against ALS

Diagnosis

Revised ALS Functional Rating Scale (ALSFRS-R)
A questionnaire-based scale as the gold standard measure of disability progression

Today
ALSFRS development begins ALSFRS revised to ALSFRS-R Proposed clinical relevance ALSFRS-R widely accepted
due to need for easily administered to balance respiratory with limb to be a 20% to 25% change in measure of ALS progression
clinical rating instrument? and bulbar categories'? decline of the ALSFRS-R scale?* by clinical trialists and

regulatory bodies?

Turing in bed, walking, climbing stairs
Administered by a

healthcare provider RESPIRATORY

Dyspnea, otthopnea, respiratory insuffiency

https://www.alspathways.com/assessing-function/



Clinical practices against ALS

Diagnosis

Revised ALS Functional Rating Scale (ALSFRS-R)
A questionnaire-based scale as the gold standard measure of disability progression

Today
ALSFRS development begins ALSFRS revised to ALSFRS-R Proposed clinical relevance ALSFRS-R widely accepted
due to need for easily administered to balance respiratory with limb to be a 20% to 25% change in measure of ALS progression
clinical rating instrument? and bulbar categories'? decline of the ALSFRS-R scale?* by clinical trialists and

regulatory bodies?

BULBAR Speech, salivation, swallowing

Speech

4 Normal FINE MOTOR
Detectable speech disturbance

3
2 |Intelligible with repeating
1

Speech combined with nonvocal
icati GROSS MOTOR . . . . . .
e v Turing in bed, walking, climbing stairs

Loss of useful speech

Handwriting, cutting food, dressing and hygiene

RESPIRATORY

Dyspnea, otthopnea, respiratory insuffiency

https://www.alspathways.com/assessing-function/
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Gene testing

— High penetrance —

C9orfr72
SOD1
FUS
TARDBP

Free Genetic Testing with ALS Identified

sponsored by Biogen

Clinical practices against ALS

—— High risk, strongly associated ——

* ALS2, CHMP2B, KIF5A, NEK1, UBQLN2

Gene targeted by FDA-approved therapy

Whole-genome sequencing

1) A diagnosis of ALS

or

2) A family history of ALS. This includes

patients both familial ALS as well as patients

with seemingly sporadic ALS

https://www.als.org/understanding-als/symptoms-diagnosis



Clinical practices against ALS
FDA-approved therapies

1995 Riluzole (oral pill fomulation)

| ASRILUTEK® 50 mg Inhibits glutamate release
film-coated tablets by bloking voltage-sensitive Ca2+ channel

Riluzole

Voie orale Oral use
6 rimés pelliculés film-coated table r:/ F N
; = &i aventis \
T san F>k N H2
8 }

2018 Tiglutik (thickened liquid formulation) 2019 Exservan (oral film formulation)
Y Tiglutik - Exsenan | |
iuzole L) for patients with severe
I v swallowing difficulties

22018 GS e

2-3 months expansion of lifespan

https://www.als.org/navigating-als/living-with-als/fda-approved-drugs



Clinical practices against ALS
FDA-approved therapies

2017 Radicava (lV infusion)

{ } :—é—m- OW CHj
Radicava ; ~ = W
N3 \“\:\1\1::\, ,_.-‘..: 'I' \ »
(edaravone) e =" | -y i
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Radical scavenger, protects neurons from oxidative damage

2022 Radicava (oral suspension)

Radicava OR \\4 . =y

Oral Suspension

(edaravone) % Sue

6 months expansion of lifespan

https://www.als.org/navigating-als/living-with-als/fda-approved-drugs



Clinical practices against ALS
FDA-approved therapies

2022 RELYVRIO (AMX0035)

‘P relyvrio
(sodium phenylbutyrate and
taurursodiol) sigersin son:

Sodium phenylbutyrate Taurursodiol

Act to prevent nerve cell death by blocking stress signals in cells

6-10 months expansion of lifespan

https://www.als.org/navigating-als/living-with-als/fda-approved-drugs



Clinical practices against ALS
FDA-approved therapies

2023 Accelerated Approval Antisense therapy against SOD1

QALSODY (monthly injection) antisense S OH SH OH SH SH SH SH SH SH SH SH SH SH SH OH SH OH SH

Y

Open-label extention

OPEN-LABEL
STUDY 1 - EXTENSION (OLE) INTERIN

Participants received QALSODY or placebo RESe LTS All participants receive QALSODY RES#'LTS

QALSODY QALSODY '
The OLE
_ o
Placebo

] T 1 T | —
0 28 WEEKS 52 WEEKS

Compassionate use access

Enable patients access to investigational medical products
for treatment outside of a traditional clinical trial

Intrathecal
Targeted delivery of
the drug directly

nto the cerebra

spinal fluid.

Pre-symptomatic prevention (till 2027)

To determine whether tofersen can delay the onset of signs
or slow declines in function once signs or symptoms appear

Delayed disease progression

https://www.qalsody.com/
https://www.als.org/navigating-als/living-with-als/fda-approved-drugs



Clinical practices against ALS

Ongoing clinical trials

(DCLICDATA

Dashboard Last Updated: 11/13/2023

#QLS  ssoesom
|am ALS Signal: Clinical Research Dashboard | Genetcas
servational Studies

Click Here for More Detailed Definitions @ L
Approved In Any
o ° o o Open Lébel o ° 9 FDA Appr9veq for © Country fo~r l
Country Recruitment Status Randomization Date Listed Bxtension Drug/Treatment Supplement  Genetic Target Stheridications gthenincications
Search Search Search Search Search Search Search Search Search Search
OSelect All OSelect All OSelect All OSelect All  OSelect All OSelect All OSelect All  OSelect All OSelect All OSelect All
OAntiguaan... I DActive, notrecru...| 0O1:1 02015 | ONo | OABBV-CLS-7262 ' ONo 0 C9orf72 | (] I ]
OArgentina OEnrolling by invi... § O1:1:1 02016 OUnknown | [OABBV-CLS-7262.. (OYes aFus ONo OConditional Approval
OAustralia ONot Yet Recruiting | [J1:2:2 02017 OvYes OAlloRx (allogenei... OHealthy Volu... OYes ONo
O BeIEium ONot yet recruitinL (=425 [J2018 OAmantadine (M... (JSOD1 OYes
Drug Name Therapy Type Target Phase
ION-363 (jacifusen) ASO FUS mRNA Phase 3
Monoclonal Misfolded and .
AP-101 : Phase 2
antibody aggregated SOD1
BIIB105 / ION-541 ASO ATXN2 mRNA Phase 1/2*
WVE-004 ASO C9orf72 mRNA Phase 1/2**
APB-102 / AMT-162 miRNA SOD1 mRNA Phase 1/2

74 clinical trials ongoing

https://iamals.clicdata.com/v/eKU04ajTv7TA



https://www.als.org/research/research-we-fund/scientific-focus-areas/genetics/antisense-therapy-for-als

Clinical practices against ALS

Supportive care

Speech Therapy Respiratory Therapy

Physical therapy Psychotherapy




Clinical practices against ALS

ALS reversal

,TﬂolIIIAI.SIMI'Sﬂ

ALS
[Reversals

NOV 23 | 2022
ALS Expert Talk Series

ALS Reversals: An Update for
2022

Richard Bedlack

MD, PhD, MS, Neurologist at Duke Health

i;
WRITTEN & NARRATED ?

by McFinn Loyere:

“To gather and study rare reversal cases
and replicate them in other patients”

https://alsreversals.com/
https://www.als.org/blog/als-reversals-what-are-they-and-how-can-we-make-them-happen-more-often



Bringing attention to ALS

-bucket challenge

ice




Bringing attention to ALS

ice-bucket challenge




Dave MacMillan did ice-bucket challenge
another kind. ..




Bringing attention to ALS

ice-bucket challenge

AB people participated
ASSOCIATION in the viral Ice
2 0 1 4 Bucket Challenge,

raising over $115M
DID YOU KNOW?
The ALS A iation has dedi
over $127M to ALS research since
the Ice Bucket Challenge

ALS IGE BUGKET
CHALLENGE

— from Hope to Impact —
ALS.org

B o 2016

We invested $2.2M ina
promising experimental
drug, AMX0035.

4
- " L3
l: - ') . 4 - rd N - »
gl oo ~ 9 e "y
v 2 4 ¥
o - - v = Phase 2 trial shows AMX0035

to be both safe and effective

Prelyvrio- ',
(sodium phenylbutyrate and
taurursodiol) Simsin song



There Is
NO CURE
for ALS




Thank you!

There is no cure
but there is

HOPE




