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Why do we need brains and spinal cord?

* ALS is a disease of the brain and spinal cord

* Currently we do not understand ALS well
enough achieve a cure (but we might get lucky)

* If we understand the problem, then we may be
able to fix it
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Overview

History of our current Current Resource for
understanding understanding exploration and
discovery
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History

 Modern medicine 1800’s | -

* Development of functional
microscope 1830’s - Lister

» 1838 Cells proposed by Schleiden
and Schwann

» 1849 Progressive Muscular Atrophy
- Duchenne

* 1869 Amyotrophic Lateral
Sclerosis - Charcot
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Amyotrophy and Lateral Sclerosis

Amyotrophy - wasting of Lateral — to the side

muscle tissue Sclerosis - hardening
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History of ALS

*1869 - ALS - Charcot

» 1880 - Familial ALS (PMA) - Osler

* 1887 - Neuron - Ramon y Cajal

* 1904 - Primary Lateral Sclerosis - Spiller

* 1993 - SOD1- first cause - Brown and Siddique
« 2008 - TDP43 - Trojanowski and Lee

e 2011 - C90rf72 - most common known cause
Rademakers / Traynor et al
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What is ALS

* Amyotrophic Lateral Sclerosis
* Motor Neuron disease r‘
* Lou Gehrig’s disease [
- Charcot’s disease ¢

* Progressive

Lou Gehrig at Mayo Clinic

* Upper and lower motor neuron disease
* Face/Bulbar or limb onset
* Breathing muscle weakness leading to death
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Upper/ Primary Motor Neuron

FIGRL.
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* Brain to spine
» Spasticity

e Clumsiness
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Lower / Secondary Motor Neuron (Green)

- 2"d part
* From spine to muscle
AV CELQERS

* Atrophy

* Fasciculations
- Cramps
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Clinical

* Weakness

* Onset is 1/3 face / arm / leg (4% thoracic/global)
« Spreads contiguously through the body

 Painless, progressive, no sensory loss
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Look and learn
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Spread of disease

 Affecting “mostly” anterior horn
cells and frontal cortical neurons

EhNE Pictures from Ravits et al 2009
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Neuropathology Spinal Cord
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Neuropathology
Braln : 2 ' ' Control

 Loss of corticalk
neurons

 Contracted
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TDP-43 Proteinopathies

TDP-43 proteinopathies

v ! ! '

Subtype 1 Subtype 2 Subtype 3 Subtype 4
sporadic/ sporadic/ sporadic/ familial
familial familial familial VCP
Chromosome 9

"l »

LK Kwong, K Uryu, JQ Trojanowski, VMY Lee Neurosignals 2008
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Neuropathology TDP-43

« Ubiquitin-positive
Inclusions

 Made up largely
by TDP-43

* Nuclear clearing
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ALS (C90rf72)

Nucleocytoplasmic
transport dysfunction

RNA processing
and splicing defects

Glutamate Ca™

excitotoxicity

Dipeptide repeat protein
aggregate formation

Mitochondrial
dysfunction

Neuronal
branching
defects
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DNA damage

Sequestration
of RNA-binding
proteins

ER stress

Alteration
in P-bodies

Oligodendrocyte
dysfunction

Altered liquid-liquid
phase separation

Vesicle Mitochondrion
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Impaired ubiquitin-
proteasome system Axonal and vesicular

transport dysfunction

Altered stress
granules

Autophagy

Translation
inhibition

and lysosomal
dysfunction

Hyperexcitability
and hypoexcitability

() Balendra et al 2018

Dysfunctional
microglia

Defectsin
growth cone
dynamics

Denervation
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Central Dogma of Biology

DNA (Blueprint) MRNA (Copy) Ribosome (Factory) Protein (Fancy Car)

CK-12 Foundation



The Guardians of the Transcriptome
TAR DNA binding protein (TDP 43)

« Major component of ubiquinated inclusions
* 414-amino-acid nuclear protein
« TARDBP gene on chromosome 1

* Highly conserved widely expressed protein ® o sy
Accurate splicing :

Nonsense-mediated decay (NMD)
Correctly spliced  Functional SIOP el

transcriptome proteins
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(65)) transcripts
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« Physiologic function in CNS =
* Transcription requlation and exon skipping
* DNA binding

« mRNA binding with export sequence

. I\/{iﬁ‘,localization leads to splicing errors in Stathmin2, UNC13A,
others

» Cryptic peptides
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(A) Structure of TAR DNA-binding protein 43 (TDP-43) protein.
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Nucleo-cytoplasmic Transport

granule
mRNA splicing shuttling

Transcription

miRNA

IncRNA processing
biogenesis

Stress granule
formation TDP-43
‘ Splicing factors
RNA poL Il machinery

mRNA stability mRNA transport

/

Translation

RNA binding proteins
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Drosha complex

EmiRNA __q_, INCRNA === DNA  @=== mRNA === Protein

Eva Maria Johanna de Boer et al. J Neurol Neurosurg
Psychiatry 2021;92:86-95

©2021 by BMJ Publishing Group Ltd




MAYO
CLINIC

@y

Mayo ALS brain bank

« The ALS autopsy program is in its 22"d year

* The bank contains 200+ ALS and 16 PLS and 9
other motor neuron disease brains and spinal
cords.

* Donations are collected from all three Mayo
Clinic sites, with a majority from Mayo Clinic
Florida

* The tissue samples are used for a wide range
of research on the pathology and genetics of
motor neuron disorders, including basic studies
at the cellular level and biochemical studies
examining changes In proteins and other
molecules.



Genotypes

Sporadic Genotypes in Familial ALS

BC9orf72 @Not Identifed mSOD1 mCo B TARDBP @ Not Identified
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Publications from 2022-23

AESEARGHARTICLE
TDP-43 and other hnRNPs regulate cryptic
exon inclusion of a key ALS/FTD risk gene,
UNCI3A

‘Yuka Kolke'?, Sarah Pickles', Virgini Estades Ayuso', Karen Jansen-We;
ZyiLP, L thei Yue', Yong-~Jie Zhang'?, Casey N. Cook'?,
" Leonar T

APOE2 Exacerbates TDP-43 Related
Toxicity in the Absence of Alzheimer
Pathology

e Kog PhD,' Zonghua Li, PhD @,'
! Kai Chen, MS,' Aya Murakami, MD, PhD,'

urti, BS," Michael G. Heckman, aunia White, BS,”

Nicholas B. Martin, BS,' Tadafumi
Long-Jun W, PhD,'"* Pamela J. N
Owen A hD ©,'* Dennis W. Di

A

Acta Newropathologica (2023) 1
hitps://dokorg/10.1007/500401

ORIGINAL PAPER

LATE-NC staging in routine neuropathologic diagnosis: an update

Peter T. Nelson' - Edward B. Lee” - Matthew D. Cykowski® - Irina Alafuzoff* - Konstantinos Arfanakis™® -
Johannes Attems’ - Carol Brayne® - Maria M. Corrada® - Brittany N. Dugger' - Margaret E. Flanagan'' -
Bernardino Ghetti'? - Lea . Grinberg" - Murray Grossman? - Michel J. Grothe'* - Glenda M. Halliday'* -

Masato Hasegawa'® - Suvi R. K. Hokkanen" - Sally Hunter" - Kurt Jellinger'” - Claudia H. Kawas® - C. Dirk Keene'*
Naomi Kouri"® - Gabor G. Kovacs®2'2222. James B. Leverenz™*- Caitlin S. Latimer'®- lan R. Mackenzie® -
Qinwen Mao™ - Kirsty E. McAleese’ - Richard Merrick® - Thomas J. Montine” - Melissa E. Murray'* -

Liisa Myllykangas™ - Sukriti Nag® - Janna H. Neltner' - Kathy L. Newell'* - Robert A. Rissman® - Yuko Saito™ -

5. Ahmad Sajjadi* - Katherine E. Schwetye”' - Andrew F. Teich' - Dietmar R. Thal****- Sandra 0. Tomé** -

Juan C. Troncoso™ - Shih-Hsiu J. Wang™ - Charles L. White III’? - Thomas Wisniewski®® - Hyun-Sik Yang™ -

Julie A. Schneider’ - Dennis W. Dickson'? - Manuela Neumann**
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TDP-43 represses crypticexoninclusionin
the FTD-ALS gene UNCI3A

https://doi.org/10.1038/s41586-022-04424-7  X.Rosa Ma"*, Mercedes Prudencio™*, Yuka Koike™**, Sarat C. Vatsavayai**, Garam Kim',
— T y 1 . . .
Received: 2 April2021 Fred Harbinski’, Adam Briner , Cailin M. Rodriguez’, Caiwei Guo', Tetsuya Akiyama',
H. Broder Schmidt’, Beryl B. Cummings’, David W. Wyatt’, Katherine Kurylo’,

Accepted: 13 January 2022 Georgiana Miller’, Shila Mekhoubad’, Nathan Sallee’, Gemechu Mekonnen™",

- Laura Ganser?, Jack D. Rubien*, Karen Jansen-West?, Casey N. Cook™", Sarah Pickles®*,
Published online: 23February2022  pis oskarsson®, Neill R. Graff-Radford™, Bradiey F. Boeve®, David §. Knopman®,
Open access Ronald C. Petersen™, Dennis W. Dickson®*, James Shorter™, Sua Myong™”*, Eric M. Green’,

23 152
)] Check for updates William W. Seeley*%, Leonard Petrucelli*** & Aaron D. Gitler'

:ictklils o5 thole C ) (2022) 10:107 ACta NeuropathOIOglca
ta Neuropathologica Communications ) 10: et
https://doi.org/10.1186/540478-022-01408-6 Communlcatlons

RESEARCH Open Access

Evidence of cerebellar TDP-43 loss
of function in FTLD-TDP

Sarah Pickles'?*, Tania F. Gendron'?", Yuka Koike'- uping Song', Jennifer M. Kachergus®,
Michael DeTure'~, E. Aubrey Thompson®, Bjorn Oskarsson”, Neill R. Graff-Radford* Bradley F. Boeve’,
Ronald C. Petersen’, Zbigniew K. Wszolek”, Keith A. Josephs’, Dennis W. Dickson'?, Leonard Petrucell
Casey N. Cook'“ and Mercedes Prudencio

DOL 10111 1/bpa. 13100

/4 Brain
RESEARCH AR ‘LE Pathology

Old age amyotrophic lateral sclerosis and limbic TDP-43 pathology

Aya Murakami' © | Shunsuke Koga' © | Hiroaki Sekiya' | Bjorn Oskarsson® |
Kevin Boylan® | Leonard Petrucelli' | Keith A. Josephs® | Dennis W. Dickson'

'."frontiers ORIGINAL RESEARCH
10 nite

®

HDACS6 Interacts With Poly (GA) and
Modulates its Accumulation in
c9FTD/ALS

Giulia del Rosso ', Yari Carlomagno "', Titfany W. Todd', Caroline Y. Jones',
2, Liian M. Daughrity’, Mei Yue', Karen Jansen-West', Jimei Tong’,

Karen Ling’, Frank Rigo", Dennis W. Dickson ™, Tso-Pang Yao", Leonard Petrucelli'%,
Casey N. Cook'?* and Yong Jie Zhang'**

ARTICLES

hitos:/Adokorg/101038/541593-021-00975-6

TREM2 interacts with TDP-43 and mediates
microglial neuroprotection against TDP-43-related
neurodegeneration

Manling Xie'2®, Yong U. Liu ©3%9%, Shunyi Zhao ", Lingxin Zhang", Dale B. Bosco’, Yuan-Ping Pang 0%,
Jun Zhong ©°, Udit Sheth™, Yuka A. Martens 7, Na Zhao 0, Chia-Chen Liu ©’, Yongxian Zhuang’,
Liewei Wang 2*, Dennis W. Dickson ”, Mark P. Mattson*, Guojun Bu®” and Long-Jun Wu 795

Knai ot ol dogenevaton

- Molecular Neurodegeneration
s/ dolong/10.1186/513024.022.00585-1

'RESEARCHARTICLE ~ OpenAccess
. . ®
Nuclear import receptors are recruited

by FG-nucleoporins to rescue hallmarks
of TDP-43 proteinopathy

Khalil', Deepak Chhangani, M




Mayo Clinic Florida ALS Center

e Tissue bank

» Cross sectional blood biomarker study
» Longitudinal Blood and CSF
« TARGET ALS Longitudinal Blood and CSF

« TAPESTRY Whole genome sequencing
* PLS Natural History (Closed)

* REFINE (Closed)

* ALSpire ATXN2 ASO phase 1

» Calico Phase 1 (Closed)

« COMBAT Ibudilast phase II-lI

« HIMALAYA Sanofi phase Il

« TJ-68 against muscle cramps

Lo 0 e i

» Healy Platform phase Il o
4 \
ciiNies Mayo Stem Cell phase Il (Closed) Birdsall Research Building
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