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Supplementary Table 1 

Selected TARDBP mutations identified by the resultant protein change. For each TARDBP 

mutation, clinical phenotypes are detailed. Evidence for involvement of downstream 

phenotypes from TARDBP mutant models for in vitro systems, human cells, hiPSC neurons 

or glial cells, rodent primary neurons and mouse models are detailed. Green text specifies 

TARDBP mutant models with evidence for therapeutic interventions. pp 4–13 

Supplementary Table 2  

hiPSC models of TDP-43 proteinopathy 

This table details findings from hiPSC models examining TDP-43 proteinopathy. p 14

Supplementary Table 3  

A multitude of approaches have been used to target TDP-43 in pre-clinical models. 

Approaches using antibodies, small molecules directly targeting TDP-43, small molecules 

targeting other pathways with effects on TDP-43, indirect and direct genetic approaches, 

peptides and bait RNA are detailed with the evidence for their efficacy in different disease 

models. pp 15–31



Supplementary Table 1 

Predicted 
Protein 
Change 

Clinical 
Phenotype 

and 
comments 

in vitro (no 
cells) 

Human/rodent 
cells 

hiPSC neurons hiPSC glia/other 
cells 

Rodent primary 
neurons 

Drosophila 
model 

Mouse model 

K176I Mutated 
lysine 
residue 
associated 
with FTD 
phenotypes 

K181E Mutated 
lysine 
residue 
associated 
with FTD 
phenotypes 

K263E Mutated 
lysine 
residue 
associated 
with FTD 
phenotypes 

Transcriptomic 
impairments; hiPSC-
derived motor neurons 
displayed disrupted 
RNA processing 
(Imaizumi et al. 2022) 

N267S Common 
variant 



G287S Common 
variant 

TDP-43 
mislocalisation, 
phosphorylation, 
accumulated insoluble 
TDP‐43 species 
containing high levels 
of C‐terminal TDP‐43 
fragments and 
mitochondrial 
transport defects, 
improved with HDAC6 
inhibition (Fazal et al 
2021) 

G294V Common 
variant 

D-Sorbitol is known to
induce stress
granules, but 
treatment with this 
improves defective 
axonal transport 
(Kreiter et al. 2018)

G295S Common 
variant 



G298S ALS founder 
variant in 
southern 
China 

1. Purocymin-induced 
and TDP-43-
associated stress
granule formation; 
improved with small 
molecule with 
extended planar 
moeity (Fang et al. 
2019) 2. Widespread 
mislocalisation of both
RNAs and proteins
between the nucleus
and cytoplasm in 
addition to various
cellular phenotypes 
including increased 
ROS generation,
mitochondrial 
depolarisation, 
lysosomal phenotypes 
and DNA damage. 
Phenotypes rescued 
following treatment 
with a VCP D2 ATPase
inhibitor (Harley et al. 
2021; Ziff, Harley, et 
al. 2023). 3. 
cGAS/STING has been 
shown to drive NF-κB 
and interferon
activation in TARDBP 
mutations and STING 
inhibition reduced
death of hiPSCs (Yu et 
al. 2020) 4.
Accumulation of 
insoluble TDP-43 
fragments (Liu-

Oligodendrocytes: 
TDP-43 cytoplasmic 
inclusions and 
aberrant persistence 
of functional Ca2+-
permeable AMPARs 
(Barton et al. 2021) 

Rescue of 
larval 
locomotor 
function 
with small 
molecule 
acting on 
nuclear 
export 
pathway 
(Chou et al 
2018) 

Neuromuscular 
junction phenotypes 
and progress to 
spinal cord gliosis but 
in the absence of 
clear 
neurodegeneration - 
homozygous to a 
greater extent that 
heterozygous  
(Ebstein, 
Yagudayeva, and 
Shneider 2019). 



Yesucevitz et al. 2014) 
5. Motor neurons - but 
not sensory or cortical
neurons carrying the
same mutations - 
captured up to one 
third of the
transcriptomic 
changes seen in lower 
motor neurons 
microdissected from
ALS postmortem 
tissue cases (Held et 
al. 2023) 6. Increase in
axon initial segment 
(AIS) length, perturbed 
activity-dependent AIS 
plasticity and 
hyperexcitability 
(Harley et al. 2023) 



A315T Common 
variant 

An acridine 
derivative, 
AIM4, inhibits 
the in vitro 
phase 
separation of a 
TDP-43 C-
terminal 
fragment with 
the 
TARDBPA315T 
mutation 
(Girdhar et al. 
2020) 

Reduced (TDP-43 
related) granule 
density and 
mobility (Liu-
Yesucevitz et al. 
2014) 

1. Repeated 
intrathecal TDP-43 
monoclonal antibody 
treatment reduces
TDP-43 
mislocalisation and
NF-κB activation
(Pozzi et al 2020) 2.
Treatment with a CK-
1δ (protein casein 
kinase-1δ) inhibitor 
led to preserved 
motor neurons in the 
lumbar anterior horn, 
reduced TDP-43 
phosphorylated and 
reduced microglial 
and astroglial 
reactivity (Martínez-
González et al. 2020). 
2. 3. cGAS/STING has
been shown to drive 
NF-κB and interferon 
activation in TARDBP 
mutations and STING 
inhibition led to
preservation of 
cortical neurons and
improved motor 
performance (Yu et 
al. 2020). 

M323K Not found in 
humans, 
studied in a 
mouse 
model 

Homozygous: Slowly 
progressive motor 
neuron death, 
aberrant splicing 
(Fratta et al. 2018) 



Q331K SecinH3, a 
cytohesin 
inhibitor, 
reduced toxicity 
induced by TDP-
43Q331K 
overexpression in 
human cells by 
increasing 
autophagic flux 
(Hu et al. 2019) 
TDP-43Q331K 
overexpression in 
N2a cells led to 
cytoplasmic 
mislocalisation 
of Nup98 and 
cytoplasmic 
aggregates of 
Nup93, Nup107 
and Nup214 
(Chou et al. 
2018) 

Rescue of 
nucleocytoplasmic 
defects with small 
molecule acting on 
nuclear export 
pathway (Chou et 
al 2018) 

Heterozygous 
mutation: disturbs 
TDP-43 
autoregulation, 
increased TDP-43 
expression, gain of 
splicing and cognitive 
dysfunction (White et 
al. 2018) 



M337V Common 
variant 

1. Elevated levels of 
soluble and insoluble 
TDP-43 protein
together with a survival 
phenotype and 
susceptibility to PI3K 
pathway (Bilican et al 
2012) 2. Glutamate-
induced calcium 
release and 
mitochondrial calcium 
buffering (Dafinca et 
al. 2020) 3.
Electrophysiological 
aberrance (Devlin et 
al. 2015). 4. Increased
cytosolic TDP-43, and 
this improved with an 
siRNA to TARDBP 
(Nishimura et al 2014)
5. Altered SORTILIN 
splicing and loss of 
activity-dependent 
BDNF secretion (Tann 
et al 2019), improved 
with CRISPR/Cas9 
correction  6. 
cGAS/STING has been
shown to drive NF-κB 
and interferon
activation in TARDBP 
mutations and STING 
inhibition reduced
death of hiPSCs (Yu et 
al. 2020). 

1. Astrocytes: 
Increased TDP-43 
expression, 
nucleocytoplasmic 
mislocalisation and 
a survival phenotype
(Serio et al 2013) 2. 
Oligodendrocytes: 
TDP-43 cytoplasmic
inclusions and 
aberrant persistence
of functional Ca2+-
permeable AMPARs
(Barton et al. 2021) 

Cumulative death 
rate improved with 
small molecule 
with extended 
planar moeity (Fang 
et al. 2019) 

Neuromuscular 
junction phenotypes 
and progress to 
spinal cord gliosis but 
in the absence of 
clear 
neurodegeneration - 
homozygous to a 
greater extent that 
heterozygous  
(Ebstein, 
Yagudayeva, and 
Shneider 2019). 
Decreased retrograde 
transport of 
endosomes has been 
demonstrated (Sleigh 
et al. 2020). 



Q343R Elevated levels of 
arachidonic acid and, 
reduced by 
pharmacologically 
targeting this pathway 
with caffeic acid (5-
LOX inhibitor) (Lee et 
al. 2021) 

Reduced (TDP-43 
related) granule 
density and 
mobility (Liu-
Yesucevitz et al. 
2014) 

N345K hiPSCs 
differentiated to 
brain microvascular 
endothelial cells 
revealed cell 
autonomous 
increased 
permeability to small 
molecules due to 
loss of tight junction 
integrity (Matsuo et 
al. 2024) 

N352S Purocymin-induced 
and TDP-43-
associated stress 
granule formation; 
improved with small 
molecule with 
extended planar 
moeity (Fang et al. 
2019) 

Y374Term Atypical 
TDP-43 
expression 
in person 
with ALS 



G376D Dysregulated axonal 
growth  (Mitsuzawa et 
al. 2021) 

A382T Common 
variant in 
Sardinia 
leading to 
behavioural 
variant FTD 
with 
temporal 
lobe 
atrophy. 

1. Specific 
vulnerability of hiPSC-
derived motor but not 
sensory neurons to 
oxidative stress 
(Onda-Ohto et al. 
2023) 2. TDP-43 
mislocalisation, 
phosphorylation, 
accumulated insoluble
TDP‐43 species 
containing high levels 
of C‐terminal TDP‐43 
fragments and 
mitochondrial 
transport defects, 
inproced with HDAC6 
inhibition (Fazal et al 
2021) 3. cGAS/STING 
has been shown to
drive NF-κB and 
interferon activation in 
TARDBP mutations 
and STING inhibition 
reduced death of 
hiPSCs (Yu et al. 
2020). 

I383T Glutamate-induced 
calcium release and 
mitochondrial calcium 
buffering (Dafinca et 
al. 2020) 



N390S TDP-43 
mislocalisation, 
phosphorylation, 
accumulated insoluble 
TDP‐43 species 
containing high levels 
of C‐terminal TDP‐43 
fragments and 
mitochondrial 
transport defects, 
improved with HDAC6 
inhibition (Fazal et al 
2021) 

N390D Heterozygous: TDP-
43 pathology and 
motor neuron 
degeneration (Huang 
et al 2020) 

S393L D-Sorbitol is known to
induce stress
granules, but 
treatment with this 
improves defective 
axonal transport 
(Kreiter et al 2018) 



Supplementary Table 2 

Reference Findings 

Hall et al. 
2017 

Wild-type TDP-43 mislocalisation in VCP-mutant hiPSC-derived spinal cord motor neurons coincide with ER stress. 

Smethurst et 
al. 2020 

Sarkosyl insoluble extracts from sporadic ALS post-mortem tissue transfected into control hiPSC-derived motor neurons and astrocytes to 
study seeded aggregation. Demonstrated a prion-like spread of TDP-43 in these cell culture models, leading to TDP-43 mislocalisation from 
the nucleus to the cytoplasm, aggregation and cell death. Motor neurons were more vulnerable than astrocytes to the seeded aggregation. 

Weskamp et 
al. 2020 

Hyperexcitability leads to alternative splicing of TARDBP and to shortened TDP-43 (lacking a C-terminus) accumulating in cytoplasm in hiPSC-
neurons. 

Altman et al. 
2021 

TDP-43 has been found to accumulate in axons in hiPSC derived motor neurons from ALS patients with C9orf72 mutations, leading to 
assembly of G3BP1 ribonucleoprotein condensates and a resultant inhibition of local translation in distal axons and NMJs 

Ziff, Neeves, 
et al. 2023 

All public data from ALS hiPSC-derived motor neurons used (429 hiPSC-MNs) and demonstrated a positive correlation between TDP-43 
nuclear depletion and p53 activation, in the context of demonstrating that genome instability is a hallmark of sALS and fALS. 

Hung and 
Patani 2024 

Wild-type TDP-43 mislocalisation in VCP-mutant hiPSC-derived cortical neurons. 



Supplementary Table 3 

Type of 
therapy Molecule 

Compound 
type / 
Mechanism of 
action 

in vitro (no 
cells) Yeast 

Rodent 
cells lines 
/ primary 
neurons 

Human 
cells hiPSCs 

Drosop
hila in 
vivo 
model Rodent in vivo model 

Antibody 

A single-chain variable 
fragment intrabody derived 
from a monoclonal antibody 
to TDP-43 

Bind to TDP-43 
protein 

Improves 
viability in 
HEK293A 
cells and 
N2a cells 
through 
proteasom
e, 
autophagy-
lysosomal 
pathways 
and HSP70 
(Tamaki et 
al. 2018) 

Reduced 
mutant 
TDP-43 
aggregation 
in HEK293A 
cells and 
improves 
viability in 
HEK293A 
cells 
through 
proteasome
, 
autophagy-
lysosomal 
pathways 
and HSP70 
(Tamaki et 
al. 2018) 

Reduced TDP-43 
aggregation in embryonic 
mouse brain 
overexpressing mutant 
TDP-43 (Tamaki et al. 2018) 



Monoclonal antibody 
targeting C-erminal domain 
of TDP-43 

Bind to TDP-43 
protein 

Reduces 
pathogenic 
TDP-43 
seed 
amplificatio
n in CSF 
from 
sporadic 
ALS 
patients 
(Audrain et 
al. 2023) 

Reduced 
seeding 
induced by 
FTD-TDP 
brain 
derived 
extracts in 
vitro (Afroz 
et al. 2023) 

Reduced aggregrated and 
pheophorylated TDP-43 in 
rNLS8 mouse model and 
reduced neuronal loss 
resulting from inoculating 
FTD-TDP brain extracts in a 
mouse model (Afroz et al. 
2023) 

Small 
molecul
es Auranofin 

 Organic gold 
thiol 
compound  

Inhibits 
TDP-43 
self-
interaction 
in a screen 
of 
compound
s in mouse 
cell lines 
(Oberstadt 
et al. 2018) 



Chelethryne 
Benzophenanth
ridine alkaloid 

Inhibits 
TDP-43 
self-
interaction 
in a screen 
of 
compound
s in mouse 
cell lines 
(Oberstadt 
et al. 2018) 

N-acetylcysteine Antioxidant 

Reduced 
stress 
granule 
formation, 
TDP-43 
ubiquitylati
on and 
insolubility 
in a human 
cell model 
(Hans, 
Glasebach, 
and Kahle 
2020) 



  
Protein casein kinase-1δ 
(CK-1δ) inhibitor  

Protein casein 
kinase-1δ (CK-
1δ) inhibitor        

Decreased 
the 
phosphoryl
ation of 
TDP-43, and 
improved 
its nucleo-
cytoplasmi
c 
mislocalisat
ion in 
lymphoblas
ts from 
sporadic 
ALS 
patients 
(Posa et al. 
2019)       

  
Small molecules inhibiting 
CK1 CK1 inhibition        

Led to lower 
levels of 
TDP-43 
inclusions 
in a 
neuronal 
cell model 
(Hicks et al. 
2020).       



  

rTRD01 and nTRD22: 
Compounds binding to TDP-
43’s RRMs or N terminal 
domain (in silico screen) 

Bind to TDP-43, 
modulate TDP-
43-RNA 
interaction     

Reduced 
TDP-43 
levels in 
primary 
motor 
neurons 
(Mollasale
hi et al. 
2020).     

Small 
molecul
es 
which 
improve
d the 
locomot
or 
function 
of 
Drosoph
ila larval 
models 
of ALS 
(Françoi
s-
Moutal 
et al. 
2019; 
Mollasal
ehi et al. 
2020).    

  Trimethylamine N-oxide  
Chemical 
chaperone 

Increases 
the LLPS of 
TDP-43, 
whilst  inhib
iting its 
fibrillation 
(Choi et al. 
2018)             



Compounds which inhibit 
TDP-43 nuclear export 

Nuclear export 
inhibition 

Improveme
nts of 
survival of 
primary 
motor 
neurons 
overexpres
sing wild 
type TDP-
43 
(Archbold 
et al. 2018) 

Partial rescue of a motor 
phenotype in a TDP-43 
overexpression rat model 
(Archbold et al. 2018). 

VCP D2 ATPase inhibitor  

Rescue 
molecular and 
cellular 
phenotypes in 
both TARDBP 
and VCP 
mutations  in 
hiPSC-derived 
motor neurons 
(Ziff, Harley, et 
al. 2023). 



  PARP inhibitors PARP inhibition     

Rescued 
primary 
neuronal 
cultures 
from TDP-
43 
mediated 
toxicity (L. 
McGurk et 
al. 2018) 

1. Reduced 
arsenite-
induced 
TDP-43 
aggregation 
in human 
cells (L. 
McGurk et 
al. 2018) 2. 
Reduced 
TDP-43 
induced 
cytotoxicity 
in a neural 
cell model 
(Duan et al. 
2019)       

  

Small molecule inhibitor of 
Tankyrase-1/2  (part of the 
PARP family) 

Tankyrase 1/2 
inhibition       

Reduced 
arsenite-
induced 
TDP-43 
cytoplasmi
c foci in a 
human cell 
line 
(Leeanne 
McGurk et 
al. 2018).        



  Diallyl trisulfide 
Organosulphur 
compound       

Clearance 
of 
overexpress
ed TDP-43 
by inducing 
autophagy 
(Liu et al. 
2018)       

  EN6 
Autophagy 
activator       

Clearance 
of 
overexpress
ed TDP-43 
by inducing 
autophagy 
(C. Y.-S. 
Chung et al. 
2019)       

  MEK5 inhibition 

MEK5 is a 
component of 
the autophagy-
lysosome 
pathway       

Reduced 
TDP-43 in 
the 
cytoplasm 
and toxicity 
in neural 
cells 
overexpress
ing TDP-43 
(Jo et al. 
2019)       



Trehalose 
Autophagy 
activator 

Led to 
decreased 
TDP-43 
levels in 
human 
cells 
overexpress
ing TDP-43 
(Y. Wang et 
al. 2018).  

AIM4 (acridine derivative) 
Reduce TDP-43 
aggregation 

Inhibits 
TDP-43 
aggregat
ion in 
yeast 
model 
(Prasad 
et al. 
2016) 

Ibudilast - in clinical trial 
(See Table 1) 

Phosphodiester
ase inhibitor, 
enhances 
autophagy 

Reduced 
TDP-43 
aggregates 
in 
transfected 
HEK cells 
and 
rescued 
survival in 
NSC-34 
cells 
overexpress
ing TDP-43 
(Chen et al 
2020) 



Tideglusib - in clinical trial 
(See Table 1) 

Non-ATP 
competitive 
GSK-3β 
inhibitor 

Reduced 
pTDP-43 
levels and 
improved 
TDP-43 
nuclear 
localisatio
n in  a TDP-
43 
neuroblast
oma model 
(Martínez-
González 
et al. 
2021). 

Reduced 
pTDP-43 
levels and 
improved 
TDP-43 
nuclear 
localisation 
in  ALS 
lymphoblas
ts 
(Martínez-
González et 
al. 2021). 

Oral treatment reduced 
pTDP-43 in the spinal cord 
of Prp-hTDP-
43A315T mouse model  
(Martínez-González et al. 
2021). 



  
Bosutinib  - in clinical trial 
(See Table 1) 

Src/c-Abl 
inhibitor, 
tyrosine kinase 
inhibitor         

Reduced 
fragmented/misf
olded TDP-43 
and increased 
survival in 
TARDBP mutant 
hiPSC lines 
(Imamura et al. 
2017).   

Reduced TDP-43 postive 
cells in mouse TDP-43 
model, reduced neuronal 
cell death in brain and 
spinal cord and reversed 
motor and cognitive 
phenotypes (Wenqiang et 
al. 2014). Restored 
synpatic proteins, 
astrocytic function and 
neurotransmitter 
homeostasis in TDP-43 
mice (Heyburn et al. 2016). 

          



Bait RNA 
Bait RNA oligonucleotides 
which bind to TDP-43  Bind to TDP-43       

Improve 
aberrant 
TDP-43 
phase 
transition in 
TDP-43 
overexpress
ing human 
cortical 
neurons, 
and can 
reduce 
neurotoxicit
y (Mann et 
al. 2019)       

          



Indirect 
genetic 
approac
hes Ataxin 2 ASO 

Reduced Ataxin 
2 mRNA 

Leads to improved 
phenotypes in a mouse 
model overexpressing 
human TDP-43 (Becker et 
al. 2017) Note that 
Biogen/Ionis Phase 1/2 
clinical trial terminated due 
to no reduction in NfL 
(https://investors.biogen.c
om/news-releases/news-
release-details/biogen-
and-ionis-announce-
topline-phase-12-study-
results) 



  

Ataxin 2 targeting with RNA-
targeting CRISPR effector 
proteins         

RfxCas13d 
reduced 
TDP-43 
aggregation 
in human 
cells 
(Zeballos et 
al. 2023)     

RfxCas13d improved motor 
phenotypes, slowed 
disease progression and 
reduced TDP-43 in a mouse 
TDP-43 model (Zeballos et 
al. 2023) 



  CHMP7 ASO 
Reduced 
CHMP7 mRNA         

Leads to an 
improved 
disease 
phenotype and 
TDP-43-related 
molecular 
changes, and 
TDP-43 
mislocalisation 
in a subset of 
sporadic ALS 
hiPSC lines 
(Coyne et al. 
2021).     

  

Degron gene therapy vector 
targeting interaction of  14-
3-3θ with TDP-43 

Degrades TDP-
43             

Improved phenotypes in 
three mouse models of 
disease (Ke et al. 2024) 

          



Genetic 
approac
hes 
targetin
g TDP-43 

TDP-REG vectors encoding 
a TDP-43/Raver1 fusion 
protein 

Activated in 
cells with TDP 
loss of function 

TDP-REG is 
activated by 
TDP-43 loss 
of function 
and leads to 
autoregulat
ed splicing 
rescue in 
human 
cells 
(Wilkins et 
al. 2024) 

TDP-REG is activated by 
TDP-43 loss of function in 
mice (Wilkins et al. 2024) 

Peptides 

D4 peptide - hydrophobic 
motif, TDP recognition motif 
and cell penetrating peptide 
motif 

Reduces 
TDP-43 
levels in 
N2A cells 
overexpres
sing TDP-
43 (Gao et 
al. 2019) 

Reduces TDP-43 levels in 
Drosophila overexpressing 
TDP-43 in muscles (Gao et 
al. 2019) 

QBP1 (small peptide) 

Polyglutamine 
amyloid 
inhibitor 

Binds TDP-
43 and 
prevent its 
amyloid 
formation in 
vitro 



(Mompeán 
et al. 2019). 
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