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INTRODUCTION

BACKGROUND

Pridopidine, a selective Sigma-1 receptor (S1R) 
agonist promotes neuroprotection in ALS models
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OBJECTIVE: Evaluate the neuroprotective effects of 
pridopidine via activation of the S1R in ALS models 

Coyne & Rothstein Nat Rev Neurol. 2022;18(6):348-362; Fujikake et al., Front Neurosci. 2018 22;12:255; Di Malta et al., Front. Cell Dev. Biol., 2019; Fiesel et al., 2011 Mol Neurodegeneration 6, 64 

 Pridopidine’s effects on NCT and autophagy evaluated in motor 
neuron-like NSC34 cell-line overexpressing (G4C2) repeats. 
 Pridopidine’s effect on neurite outgrowth evaluated in primary MNs 

from transgenic mice expressing human TDP-43 lacking the 
nuclear-localization-signal (TDP43∆NLS mice). 
– TDP43∆NLS mice show TDP43 cytoplasmic aggregates and 

recapitulate ALS-like MN pathologies (Walker et al., Acta 
Neuropathol. 2015; 130(5): 643–660)

– Primary motor neurons from TDP43∆NLS mice grown with or 
without Doxycyline (Dox) and pridopidine for 1 week. 

– Neurite growth, branching and cell cluster numbers evaluated using 
the Incucyte automated imaging system.

CONCLUSIONS:
 Pridopidine demonstrates 

S1R-mediated neuroprotective effects 
by rescuing nuclear transport of TFEB 
with resultant improved autophagy.
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Pridopidine is currently being evaluated for the treatment 
of ALS as regimen D in the HEALEY ALS Platform Trial

PROGRESS:
 High (83%) retention in the study, as of July 21, 2022
 Topline results expected by end of 2022
 Orphan Drug Designation (ODD) granted – in US & EU
 Last patient, last visit (LPLV) achieved

 Pridopidine rescues impaired 
neurite outgrowth in the 
TDP43∆NLS model of ALS.

SAFETY DATA:
 DSMB meeting on May 2022 

confirmed no safety issues 
 Passed pre-defined futility 

analysis

RESULTS

Allen Brain Atlas Data Portal: https://human.brain-map.org/microarray/gene/show/10134

High distribution of S1R in brain areas implicated in ALS

High expression of S1R mRNA:
S1R is highly expressed in the brain stem, spinal cord and cortex
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Pridopidine selectively 
occupies the S1R at the 
therapeutic dose

• Human PET study assessed 
pridopidine target occupancy at S1R

• Complete occupancy of S1R 
confirmed after 90 mg single dose of 
Pridopidine (correlates to 45 mg BID 
at steady state, the dose currently 
evaluated in the HEALEY ALS trial) 

• No occupancy of D2/D3 receptors 
using dopamine ligand fallypride

Source: Grachev et al., EJNMMI, 2021 48(4):1103-1115
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Adapted from (1) Al-Saif et al, 2011 Ann Neurol. 2011;70(6):913-9. (2) Watanabe et al, 2016; EMBO Mol Med. 2016; 8(12):1421-1437.
(3) Izumi et al, 2018 Geriatr. Gerontol. Int. 2018;18:1519–1520

Target validation in humans: Mutations in S1R cause ALS
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Complete Loss of Function (LOF) mutations in S1R cause juvenile form of ALS1,2

Missense mutations with partial loss of function cause late-onset form of ALS3

A gene dose and clinical correlation

Amin et al., Cells 2020;9(11):2413; Chua et al., 2022 Autophagy,18:2, 254-282, Fujikake et al., 
Front Neurosci. 2018 22;12:255

Autophagy is essential for cellular survival 
and its dysregulation in implicated in ALS

• Autophagy degrades damaged organelles, 
misfolded and aggregated proteins

• Accumulation of aggregated proteins (i.e. SOD1, 
TDP43, FUS) is a common feature of ALS

• Impaired autophagy is implicated in ALS, 
and other neurodegenerative diseases

• Enhancing autophagy is a potential therapeutic 
target for the treatment of ALS.

The Nucleopore (NP) stability and function are impaired in ALS

• Nucleocytoplasmic transport is impaired in ALS, HD and AD –
(Grima et al., Neuron. 2017; 94(1): 93–107.e6; Eftekharzadeh et al., Neuron. 2018; 
99:925–40.e7; Fallini et al., Neurobiology of Disease Vol 140; 2020)

• The G4C2 expansion within the C9orf72 gene is the most 
common cause of familial ALS (~40%) 
(DeJesus-Hernandez et al., Neuron 2011 72(2):245-56)

• C9orf72 G4C2 expansion disrupts nucleocytoplasmic transport 
(Zhang et al, Nature 2015; 525(7567):56-61)

From: Cunningham Elife 2020 10;9:e59419

A critical step in autophagy is nuclear transport of the 
transcription factor EB (TFEB) via the Nucleopore (NP)

TFEB translocates from 
the cytosol to the nucleus 
via the NP

↑ Autophagy-related genes

↑ Autophagy 

↑ Neuroprotection

↑ Autophagy

Autophagy-
related 
genes

TFEB
NP Cytosol 

Pridopidine ↑ TFEB nucleus/cytoplasm ratio

Wang et al., Autophagy. 2022 4:1-26

G4C2 repeats ↓ TFEB transport into the nucleus 
Pridopidine restores TFEB transport into the nucleus

• TFEB nucleus/cytoplasm 
ratio is ↓ in motor 
neuron-like cell line 
expressing (G4C2)31

• Pridopidine ↑ TFEB 
nuclear transport
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Transcription factor EB (TFEB) 
NSC-34: motor neuron cell line.
Data is mean ± SEM; N=3; two-tailed unpaired 
Student’s t test, *p<0.05; **p < 0.01 

Autophagy

Wang et al., Autophagy. 2022 4:1-26

Pridopidine ↑ of nuclear transport of TFEB 
restores autophagy

Data are mean ± SEM; N=3; one-way ANOVA followed 
by Tukey’s multiple comparisons test, *p<0.05 

• Autophagy is ↓ in motor 
neuron-like cell line 
expressing (G4C2)31

– ↓ autophagy leads to
↑ neuronal death

– Pridopidine ↑
autophagy

NSC-34 cells transfected with (G4C2)31

Pridopidine ↑ Autophagy
LC3-II levels – marker of autophagy activation 

WT (G4C2)31 (G4C2)31 +pridopidine
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Fanny Lemarié, Michael Hayden, UBC, unpublished data

Pridopidine ↑ autophagy markers Beclin-1 and P62

HEK293 cells treated with pridopidine (2.5 µM) or DMSO (vehicle). Bafilomycin (baf) was used to inhibit autophagy.  
Beclin, P52 and calnexin levels assessed by Western Blot. One-way ANOVA with Dunnet’s post-hoc test, *p<0.05; ***p=0.0012

Pridopidine ↑ Beclin-1 Pridopidine ↑ P62 flux 
• Beclin-1 and P62 are central 

regulators of autophagy

• Beclin-1 ↑ autophagy and 
↓ neuronal death

• ↑ in P62 flux indicates 
↑ autophagy 

– Pridopidine significantly 
↑ Beclin-1 and P62 

+− +−
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Wang et al., Autophagy 2022 4;1-26.

Pridopidine enhances cell viability 
in (G4C2)288 expressing cells

NSC34 cells treated for 1h with pridopidine, then 
transfected with (G4C2)288. After 24 h, cells were 
exposed to 100 μM H2O2 for 3 h. Cell viability 
was assessed using Cell Counting Kit-8 from 
Abcam. Data are means ± SEM; N=3; two-tailed 
unpaired Student’s t test, ***p<0.001

Pridopidine ↑ cell viability
• Motor neuron-like cell line 

expressing (G4C2)288 shows 
↓ viability in response to 
H2O2 insult

• Pridopidine 1 μM ↑ viability 

pridopidine (1μM)
GFP-(G4C2)288
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TFEB = transcription 
factor EB

Summary: Pridopidine activation of the S1R stabilizes 
the nuclear pore and increases autophagy

Stabilization of the Nuclear Pore

Rescues nucleocytoplasmic transport

Nuclear Pore

NucleusCytoplasm

Autophagy

↑ TFEB

Pridopidine increases TFEB transport into the nucleus to initiate autophagy

↑ transcription of 
Autophagy genes

Autophagy

Walker et al., Acta Neuropathol. 2015; 130(5): 643–660

Inducible TDP43 aggregate mouse model recapitulates 
cellular and motor pathologies of ALS

+Dox 

-Dox 

No cytoplasmic aggregates of TDP43
Healthy mouse

Deletion of the nuclear localization signal (ΔNLS) prevents TDP43 entrance into 
the nucleus, causing pathological cytoplasmic aggregates which is observed in ALS.

Cytoplasmic TDP43 aggregation 
in brain and spinal cord

In vitro In vivo
↑ Oxidative stress
↓ Autophagy
↓ Axonal transport
↓ Cell viability
↓ Neurite Length
↓ Branching
↓ Cell clustering

↓ NMJ integrity
↑ Motor disability
↑ Spinal cord MN loss
↑ Death

NLS = nuclear localization signal; DOX = doxycycline
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Neurite length is ↓ in TDP43ΔNLS mouse motor neurons
Pridopidine ↑ neurite length

N=3 independent experiments, 5 replicates 
per condition. Data are means ± SEM; ONE 
WAY ANOVA ***p<0.001

Pridopidine ↑ neurite length
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• Neurite length is ↓ in 
TDP43ΔNLS cells

• Pridopidine ↑ neurite length 

TDP-43

• Neurite branching points are 
↓ in TDP43ΔNLS cells

• Pridopidine ↑ branching 
points

Axonal branch points are ↓ in TDP43ΔNLS mouse 
motor neurons, Pridopidine ↑ number of branch points

N=3 independent experiments, 5 replicates 
per condition. Data are means ± SEM; ONE 
WAY ANOVA **p<0.05, ***p<0.001

Pridopidine ↑ neurite branch points
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TDP-43 Cell clusters are ↓ in TDP43ΔNLS mouse motor neurons
Pridopidine restores cell clusters

N=3 independent experiments, 5 replicates 
per condition. Data are means ± SEM; ONE 
WAY ANOVA *p<0.05, ***p<0.001

Pridopidine ↑ cell body clusters
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• Cell cluster number are ↓
in TDP43ΔNLS cells

• Pridopidine ↑ cell clusters

TDP-43

These data provide further insight into pridopidine’s mechanism of action.

 Pridopidine is a selective and potent Sigma-1 receptor (S1R) agonist in clinical 
development for ALS and Huntington Disease (HD).
– The S1R is highly expressed in the brain and spinal cord, areas relevant for ALS.

 Persons with complete LOF mutations in the S1R develop juvenile ALS, while partial 
LOF mutations result in late-onset ALS, showing a gene-dosage relationship. 
 Localized at the endoplasmic reticulum (ER)-mitochondria interface, 

(i.e. Mitochondrial Associated Membrane, MAM) the S1R modulates autophagy, 
nucleocytoplasmic transport and neuritic outgrowth and other key cellular 
pathways.
 S1R activation exerts neuroprotective effects including autophagy, restoring 

nucleocytoplasmic transport,  BDNF,   mitochondrial function, and  ER and 
oxidative stress.  

 Pridopidine demonstrates neuroprotective effects which are exquisitely mediated 
by the S1R in preclinical models of ALS.

 In SOD1G93A motor neurons (MNs), pridopidine restores BDNF axonal transport, 
enhances NMJ formation and function, and promotes neuronal survival via 
ERK pathway activation. 
 Nucleocytoplasmic transport (NCT) is disrupted in ALS

– The S1R interacts with nucleopore complex proteins (NUPs) and mediates 
nucleocytoplasmic transport

 Autophagy is impaired in ALS, leading to toxic protein aggregation
– Nuclear transport of the transcription factor EB (TFEB) upregulates 

transcription of genes essential for autophagy initiation
 Reduced neurite outgrowth is observed in numerous ALS models, disrupting 

synaptic formation in MNs, leading to neurodegeneration 
 Pridopidine is currently being evaluated in the HEALEY ALS Platform Trial and 

in a phase 3 trial for the treatment of HD. 

METHODS


