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TDP-43 Clinical Relevance?

Higher likelihood of dementia when beyond amygdala stage

Associations with HS, tangle density & A burden

Independently increases trajectory of cognitive decline
With HS and/or ADNC = increases odds of developing dementia

“ALS, FTLD TDP43 A-E etc...

e Nag$, YuL, Wilson RS, Chen EY, Bennett DA, Schneider JA (2017) TDP-43 pathology and memory impairment in elders without pathologic diagnoses of AD or FTLD. Neurology 88:653-660.
e Josephs KA, Whitwell JL, Weigand SD, Murray ME, Tosakulwong N, Liesinger AM et al (2014) TDP-43 is a key player in the clinical features associated with Alzheimer’s disease. Acta Neuropathol 127:811-824.
e  Bennett DA, Wilson RS, Arvanitakis Z, Boyle PA, de Toledo-Morrell L, Schneider JA (2013) Selected findings from the religious orders study and rush memory and aging project. ] Alzheimers Dis 33(Suppl 1):5397-S403.

Proportion with TDP43 pathology

——HAAS = =NS

Figure 1: Proportion of subjects with pathologic TDP43
staining by cognitive performance (quartiles), HAAS
and NS. CERAD/CASI quartiles: 1=highest

performance quartile, 4=lowest performance




TDP43

Highly conserved heterogeneous nuclear ribonucleoprotein

TDP43-2>essential gene in mammals, zebrafish, & flies

Not essential in C. Elegans*

Broadly expressed but expression is very tightly regulated
* Directly regulates its own expression: binds to 3’UTR of its own mRNA

*  promoting its degradation

Understanding TDP43’s normal structure, function &
pathologic aberrations=crucial for delineating mechanisms of
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TDP-43 Structure & Function

Specificity for UG-rich RNA & TG-rich DNA : Top43

Dimerization NLS NES
N‘terminal Structural dOmain (1’78) :JMMT“Z::IZMS L 0
Ubiquitin like fold & canonical nuclear localization sequence (82-98) CN

Regulates TDP homodimerization to ensure appropriate folding & mRNA splicing B \ c

R
&)

2 RNA recognition motifs
e RRMI: aas 105-169
 RRM2: aas 193-253->Contains nuclear export sequence (239-250)

C-terminal domain (aas 244-414)

*  “Prion-like domain”: low complexity, prone to aggregate/form inclusions

* Important for mRNA splicing & hnRNP interactions

» Site of >50 dic & ALS iated '
ite 0 sporadic associated mutations Guo et. al 2017
Zhang Y] et al. The dual functions of the extreme N-terminus of TDP-43 in regulating its biological activity and inclusion formation. Hum Mol Genet. 2013;22:3112-22. l l | Health
¢ Conicella AE et al. ALS Mutations Disrupt Phase Separation Mediated by alpha-Helical Structure in the TDP-43 Low- Complexity C-Terminal Domain. Structure. 2016;24:1537-49. .
¢ Suk TR et al. The role of TDP-43 mislocalization in amyotrophic lateral sclerosis. Mol Neurodegener. 2020;15:45. p San Antonio

¢ JoMetal. The role of TDP-43 propagation in neurodegenerative diseases: integrating insights from clinical and experimental studies. Exp Mol Med. 2020;52:1652-62.
de Boer EM] et al. TDP-43 proteinopathies: a new wave of neurodegenerative diseases. ] Neurol Neurosurg Psychiatry. 2020;92(1):86-95.




TDP43 Structure & Function

Amyloidogenic core region (residues 311-360)

e 2 alpha-helices that convert into 8 sheets in TDP43 aggregates

Canonical NLS (82-98) = Critical for TDP43’s physiological function

e Mutations or deletions of NLS result in TDP43 mislocalization & aggregation
e Importin-a facilitates TDP43 transport inside nucleus by binding to NLS

e (Characteristic of disease models o
43

Dimerization NLS NES

1 788298105 169 193 253 277 414
Ubiquitin-like fold Guo et. al 2017

*  Zhuo XF et al. Solid-State NMR Reveals the Structural Transformation of the TDP-43 Amyloidogenic Region upon Fibrillation. ] Am Chem Soc. 2020;142:3412-21.

. ™
e Walker AK et al. Functional recovery in new mouse models of ALS/FTLD after clearance of pathological cytoplasmic TDP-43. Acta Neuropathol. 2015;130:643-60. UT Health

* DPinarbasi ES et al. Active nuclear import and passive nuclear export are the primary determinants of TDP-43 localization. Sci Rep. 2018;8:7083. ¥ San Antonio

¢ Besnard-Guerin C. Cytoplasmic localization of amyotrophic lateral sclerosisrelated TDP-43 proteins modulates stress granule formation. Eur J Neurosci. 2020;52:3995-4008.




New AD/TDP43 LATE Mouse Moe B

Selectively express human TDP43 & TDP43 with a defective nuclear
localization signal (ANLS) in hippocampus in APP/PSEN1 background

24- month-old mice display severe neuronal loss in the hippocampus, change
in A3 deposition, changes in neuroinflammation & decrease in survival

Our new HS like model may provide a greater understanding of the
pathogenesis of neurodegeneration seen in TDP43 proteinopathies.
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Nuclear Export Sequence (NES)

Remains controversial
TDP43’s export from nucleus=>cytoplasm

* Thought to be mediated by exportin XPO1 binding to NES in RRM?2

* Recent data suggests that export from nucleus to cytoplasm goes not require XPO1 or NES

* Potentially actually exported via passive diffusion

A
TDP-43

Dimerization NLS NES

1 788298105 169 193 253 277 414
Ubiquitin-like fold Guo et. al 2017
*  DPinarbasi ES et al. Active nuclear import and passive nuclear export are the primary determinants of TDP-43 localization. Sci Rep. 2018;8:7083. ‘ UT Health

*  Nishimura AL et al. Nuclear import impairment causes cytoplasmic trans-activation response DNA binding protein accumulation and is associated with frontotemporal lobar degeneration. Brain. 2010;133:1763-71.
*  Winton MJ et al. Disturbance of nuclear and cytoplasmic TAR DNA-binding protein (TDP-43) induces disease-like redistribution, sequestration, and aggregate formation. ] Biol Chem. 2008;283:13302-9. San Antonio

*  Archbold HC et al. TDP43 nuclear export and neurodegeneration in models of amyotrophic lateral sclerosis and frontotemporal dementia. Sci Rep. 2018;8:4606.
» Ederle H et al.Nuclear egress of TDP-43 and FUS occurs independently of Exportin-1/ CRM1. Sci Rep. 2018;8:7084.




TDP43 Function!

Normally mostly located in nucleus: regulates gene expression & other aspects of RNA processing
e Targets >4000 different mRNA transcripts—=2ranging from disease-associated transcripts to its own mRNA transcript

Downregulates Tau expression by destabilizing its mRNA transcripts & might regulate ratio
of 4R/3R Tau via alternative splicing of Tau exon 10 (Gu ] et. al)

However not replicated in another independent study of AD (Niblock et al)
NORMAL NEURON

|

S~ Z L.
TDP43 shuttles between the cytoplasm & nucleus DO O
* Dependent on transcriptional needs (Ayala YM et al) 7= -\ S
- )& \ TDP-43 TN
: Ser 2T U in nucleus -
AN L \
Low TDP43 levels in mitochondria of human neurons NEURON WITH TDP-43 PATHOLOGY
* Agematched neurons from individuals w/ALS & FTLD!? Sy {:\/,/.ifﬁfs?cf’n L
* Expressed significantly higher amount of mitochondrial TDP-43 = @ L,
*  Altering their morphology and impairing mitochondrial function (Wang Wetal). —— - \ Nucleus oy
T Aw NAL \' without TDP-43
The Winnower 5:¢143894.48617 (2015). DOI: 10.15200/winn.143894.48617
.
Gu ] et al. Transactive response DNA binding protein 43 (TDP-43) regulates alternative splicing of tau exon 10: Implications for the pathogenesis of tauopathies. ] Biol Chem. 2017;292:10600-12. v UT Hea].th
Niblock M et al. Lack of association between TDP-43 pathology and tau mis-splicing in Alzheimer's disease. Neurobiol Aging. 2016;37:45-6. ) San Antonio

Ayala YM et al. Structural determinants of the cellular localization and shuttling of TDP-43. ] Cell Sci. 2008;121:3778-85.
Wang W et al. The inhibition of TDP-43 mitochondrial localization blocks its neuronal toxicity. Nat Med.2016;22:869-78.




TDP43 Function: Pivotal Roles?
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Ratti, A. et al (2016), PJ. Neurochem., 138: 95-111.

Stress granules are cytoplasmic foci in response to cellular stress that contain non-essential RNA

Gu ] et al. Transactive response DNA binding protein 43 (TDP-43) regulates alternative splicing of tau exon 10: Implications for the pathogenesis of tauopathies. ] Biol Chem. 2017;292:10600-12. ‘
Niblock M et al. Lack of association between TDP-43 pathology and tau mis-splicing in Alzheimer's disease. Neurobiol Aging. 2016;37:45-6. UT Health
Ayala YM et al. Structural determinants of the cellular localization and shuttling of TDP-43. ] Cell Sci. 2008;121:3778-85.

»' San Antonio

Wang W et al. The inhibition of TDP-43 mitochondrial localization blocks its neuronal toxicity. Nat Med.2016;22:869-78.
Jiang L et al. Altered TDP-43 structure and function: Key insights into aberrant RNA, mitochondrial, and cellular and systemic metabolism in amyotrophic lateral sclerosis. Metabolites 2022;12:709
Cheemala Aet al. Loss of endothelial TDP-43 leads to blood brain barrier defects in mouse models of amyotrophic lateral sclerosis and frontotemporal dementia. bioRxiv 2023; 10.1101,/2023.12.13.571184
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TDP43’s Relationship with Tau?

Overexpression of phospho-TDP43 in APP/PSENI mutation transgenic AD mouse model?

* increased hyperphosphorylated tau immunoreactivity (Davis SA et al)

Physiologic TDP43 may have suppressive role in regulation of tau mRNA (Gu J et al)

 TDP43 function lost=2increases tau mRNA production & subsequent translocation of tau proteins

available for hyperphosphorylation

TDP type B inclusions associated w/NFTs in same neuron (Josephs et al, Tome et al, McAleese et al)
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Gu ], et al. TDP-43 suppresses tau expreeq on via promotmg its mRN \ 1n%tab1ht§ Nﬂf/ EAE zlJ R,e,r 2017, 45(1()) 6177-93
Josephs KA, et al. Pathological, imaging and genetic characteristics support the existence of distinct TDP-43 types in non-FTLD brains. Acta Neuropathol 2019; 137(2): 227-38
Tomé, S.O., ¢ al. Distinct molecular patterns of TDP-43 pathology in Alzheimer’s disease: relationship with clinical phenotypes. acta neurgpathol commun 8, 61 (2020).

McAleese, K. E., et al. "Concomitant LATE-NC in Alzheimer's disease is not associated with increased tau or amyloid-f pathological burden." Neuropathology and Applied Neurobiology 46.7 (2020): 722-734.
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TDP43’s Relationship with A3?

Knocking out TDP43 in hippocampus & cortex of APP background mouse reduced AB plaques,

accelerated neurodegeneration & lead to cognitive deficits (LaClair et al)
e Loss of nuclear TDP43 compromises repression of cryptic exons

e Incorporation of cryptic exons that usually induce nonsense mediated decay of associated mRNAs, thereby altering proteome of affected
cells.

TDP43 nuclear depletion in forebrain neurons of AD mouse model exacerbated degeneration &
correlated w/increased prefibrillar olicomeric AR & decreased AP plaque burden (LaClair et al)
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61 AD cases underwent neuropathological assessment for LATE-NC and quantitative assessment [area covered by

immunoreactivity (IR)] for amyloid-$ in the amygdala and five neocortical regions (McAleese et al)

4G8-IR (% area fraction)

UT Health

. ™
* LaClair KD et al. Depletion of TDP-43 decreases fibril and plaque 8-amyloid and exacerbates neurodegeneration in an Alzheimer's mouse model. Acta Neuropathol. 2016 Dec;132(6):859-873. E San Antonio
*  McAleese, K. E., et al. "Concomitant LATE-NC in Alzheimer's disease is not associated with increased tau or amyloid-f pathological burden." Neuropathology and Applied Neurobiology 46.7 (2020): 722-7




Table 2. Genes linked to LATE-NC /hippocampal sclerosis (HS) neuropathologic phenotypes

Main finding

Disease-related

replicated? Gene (protein) phenotype(s) Notes Selected Refs.
Replicated TMEM106B LATE-NC, FTLD-TDP, TMEM106B C-terminal (129, 171, 173, 188, 242, 243)
pediatric leukodystrophy, amyloidogenic fragments form
viral pathogenesis disease-associated “inclusion
bodies”
GRN LATE-NC, HS, FTLD-TDP, GRN is an inflammation- (167, 170, 244, 245)
(Progranulin) neuronal ceroid regulating growth factor also
lipofuscinosis implicated in cancers
APOE LATE-NC, ADNC, Lewy APOE is prime driver of (111, 129, 171, 2085, 236, 246)
body diseases, late-onset AD neuropathologic
hypercholesterolemia changes
SORLI LATE-NC+ADNC, clinical SORLI1 variants are associated (211, 213,214, 228)

Not yet replicated

ABCC9 (SUR2)

KCNMB2

WWOXxX

AHRGEF28
(RGNEF)
TPCNI

AD, clinical FTLD

HS, Cantu syndrome,
ABCC9-related intellectual
disability and myopathy
syndrome, cardiomyopathy
and cardiac arrhythmias

HS, possibly ALS, Epilepsy

LATE-NC, HS, arterioloscle-
rosis, clinical AD, spinocer-
ebellar ataxia, epilepsy

LATE-NC (suggestive), Cri-
du-Chat syndrome

LATE-NC (suggestive), clini-
cal AD

with ADNC+LATE-NC
pathologic phenotype
ABCCO9 variants are also
associated with vascular
malformations and white
matter hyperintensities

KCNMB2 encodes a potassium
channel expressed in
hippocampus

WWOX was a GWAS “hit” for
clinical AD and pathological
LATE/HS

ALS lesions have been shown to
stain for RGNEF

TPCNI1 is a lysosomal protein
linked by GWAS to clinical
AD

(129, 169, 170, 217, 247)

(129, 166, 230, 231, 248)

(169, 225, 226, 229, 249)

(233), in press

(213, 228)

Nelson PT et. al. Limbic-predominant age-related TDP-43 encephalopathy (LATE-NC): Co-pathologies and genetic risk factors provide clues about pathogenesis. ] Neuropathol Exp

Neurol. 2024 Apr 13
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TMEM106b Filaments

Variants in TMEM106b affect the risk & severity of FTD

Protective variant: inhibits filament formation, delays disease progression

Risk variant: promotes filament formation, accelerating disease progression

Recent Studies Highlighting TMEM106b Filaments?

Chang et al., 2022: Found TMEM106b filaments consistently in all 4 FTLD-
GRN & older PSP samples

* agerelated presence in various conditions’

Jiang et al., 2022: Identified TMEM106b as filamentous protein in other types
of FTLD-TDP (vs. TDP43)

* challenges the exclusive focus on TDP-43?

Schweighauser et al., 2022: 25 brain samples across various diseases & ages

* findings sugegest that TMEM106b filaments may be an age-related feature

* potentially independent of specific diseases?

@ CelPress Cell 185, 1346-1355, April 14, 2022

Homotypic fibrillization of TMEM106B
across diverse neurodegenerative diseases

Andrew Chang, Xinyu Xiang, * Jing Wang, Carolyn Lee, Tamta Arakhamia,

Marija Simjanoska, Chi Wang,” Yari Carlomagno,® Guoan Zhang,” Shikhar Dhingra,’ Manon Thierry,

Jolien Pemeel,”'* Bavo Heeman,* ° Lauren M. Forgrave,’'* Michael DeTure,” Mari L. DeMarco,'"'* Casey N. Cook,
Rosa Rademakers,” '° Dennis W. Dickson,” Leonard Petrucelli,” Michael H.B. Stowell,"*" lan RA. Mackenzie,

and Anthony W.P. Fitzpatrick 2

Article Nature | Vol 605 | 12May 2022

Amyloid fibrilsin FTLD-TDP are composed of
TMEM106Band not TDP-43

hitps: jdoi.org/101038/541586-022-04670-0 i Xiao Jiang'**, Qin Ca0™***, Michael R. Sawaya™*, Romany Abskharon'’, Peng Ga®,

2 25 September 2021 Michae! DeTure’, Dennis W. Dickson’, Janine Y. Fu’, Rachel R. Ogorzalek Loo', Joseph A. Loo'

& David S. Elsenberg'™
Accepted: 22 March 2022

Article Nature | Vol 605 | 12 May 2022

Age-dependent formation of TMEM106B
amyloidfilamentsinhumanbrains

hitps://dol.org/10.1038/541586-022-04650-2  Manuel Schwelghauser'™, Diana Arseni"™, Mehtap Bacloghu™, Melissa Huang™
. Sofialovestam'™ Yang Shi*, Yang Yang", Wenjuan Zhang'”, Abhay Kotecha’

Seouic Owaer 0 Holly 1 Garinger”, Ruben Vidat*, Grace | Hallnan®, Kathy L. Newell*, A Tarutanf

Shigeo Murayama®, Masayuk! Miyazak’, Yuko Saito®, Mart Yoshida®, Kazuko Hasegawa®
Tammaryn Lashley”, Tamas Revesz”, Gabor G. Kovacs™, John van Swieten®

Masaki Takao™, Masato Hasegawa’, Bemardino Ghettr', Marta Grazia Spillantinf’
Benjamin Ryskeldi-Falcon', Alexey G. Murzin', Michel Goedert™= & Sjors H. W. Scheres'®=

Accepted: 15 March 2022
Published online: 28 March 2022
Open access
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TMEM106b Summary?

Accumulation of TMEM106b CTFs & filaments is a common age-related process

TMEM106b: subcellular in lysosomal membranes

e Maintains lysosomal function

* Biomarker potential?
Consistent features=» FTD-GRN and LATE-NC

Potential therapeutic target?

Perhaps only certain species of TMEM106b CTFs may be related to diseas'e‘s.tates?
v UT Health

San Antonio




Pathologic TDP43?

Loss of normal nuclear localization

Cytoplasmic protein aggregation
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« de Boer EM]J et al. TDP43 protei
e Ayala YM et al. Structural dete

Loss of normal nuclear TDP43 function?

When TDP-43 aggregates in the cytoplasm=>nuclear concentration decreases

Nuclear depletion leads to loss of its normal RNA-regulatory functions
* Disrupts multiple cellular processes & contributes to neurodegeneration

e Disrupts RNA metabolism: Leads to widespread dysregulation of RNA species that TDP43 regulates

Alters gene expression: Errors in splicing: inclusion of cryptic exons/alterations in RNA stability & transport

May also impair the neuron's ability to cope with stress & repair mechanisms
* Neurons become more vulnerable to other toxic processes
* including those triggered by the accumulation of TDP43 inclusions themselves

Therapeutic strategies to enhance TDP43 nuclear localization are crucial!
 TDP43 nuclear depletion is a key feature of its pathology

e modulating nuclear transport receptors
* inhibiting nuclear export signals to retain TDP43 within the nucleus

o
ZOZO 15:45. v UT Health

»’  San Antonio

l cal and expe tal studies. Exp Mol Med. 2020;52:1652-62.
es: a new wave of neurodegeners diseases. gl sychiatry. 2020 ;92(1): 8( 95.
)fthe cellular local nd s h l ng of TDP43. ] Ce llb 2008 121:3778-85.




Pathologic TDP43?

Loss of normal nuclear localization

Cytoplasmic protein aggregation
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Cytoplasmic TDP43 protein aggregation?

Prion-like Domain plays critical role in TDP43 aggregation
-Promotes TDP43 misfolding into toxic oligomers & fibrillar aggregates

Post-translational modifications impair TDP43’s RNA binding & splicing functions
-Phosphorylation, Acetylation

TDP43 is recruited to stress granules under cellular stress
-Hypothesized to influence its aggregation and pathological seeding

Therapeutic strategies? SN ) 8
1) Inhibit aggregation: Small molecules to stabilize TDP43’s native conformation '& - >
2) Disaggregate existing inclusions: potentiated variants of Hsp104 %
3) Gene therapy: reduce mutant TDP43 or modify post-translational processing
4) RNA interference: knock down specific genetic contributors to pTDP43 .

v UT Health
»’  San Antonio

*  Zhang Y] et al. The dual functions of the extreme N-terminus of TDP-43 in regulating its biological activity and inclusion formation. Hum Mol Genet. 2013;22:3112-22.
*  Conicella AE et al. ALS Mutations Disrupt Phase Separation Mediated by alpha-Helical Structure in the TDP-43 Low- Complexity C-Terminal Domain. Structure. 2016;24:1537-49.
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Ubiquitin-like fold
Loss of function? particularly insidious =2 less visible than the gain of toxic function

* But potentially just as harmful!

Therapeutic Strategies

Aim not only to prevent the toxic gain of function (e.g., aggregation & mislocalization)

Also aim to restore or compensate for loss of TDP43’s normal functions in the nucleus

* Dual approach (1+ even more simultaneous targeted approaches): ESSENTIAL for effectively
addressing the multifaceted nature of TDP43’s pathobiology in neurodegenerative diseases!
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