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Introduction
Pridopidine is a selective and potent Sigma-1 receptor agonist (S1R) in clinical development for Huntington Disease (HD) and Amyotrophic Lateral Sclerosis (ALS). 
The S1R is an intracellular chaperone located at the endoplasmic reticulum (ER)-mitochondria interface, where it modulates diverse cellular processes commonly impaired in HD, 
including Ca2+ signaling, BDNF expression and transport, mitochondrial function and oxidative stress. 
Synaptic transmission and plasticity in the corticostriatal network are impaired in HD.
Striatal neurons depend on BDNF from cortical afferents to survive and function. 
Activation of the S1R exerts neuroprotective effects, acting to stimulate brain repair and plasticity.
The S1R is highly expressed in the basal ganglia and cortex, areas impaired in HD
Pridopidine demonstrates S1R-mediated neuroprotective effects in several preclinical models of HD, including enhancing BDNF signaling, enhancing mitochondrial function, 
restoring synaptic plasticity and promoting pro-survival pathways.

Cortico-striatal networks are created in a microfluidic chamber from primary mouse HTTCAG140/+ neurons.
In the chamber, the axon, pre- and post-synapse are compartmentalized. Pridopidine (1 μM) is added to pre, post and synaptic chambers for 4h.
We investigate presynaptic dynamics, synaptic transmission, BDNF trafficking, as well as global network dynamics in live cells.
Cortical neurons in the presynaptic chamber are stimulated by glycine strychnine treatment (15 min) to activate NMDA signaling.
Synapse functionality is assessed by measuring of glutamate release by cortical synapses (iGluSnFR signal).
Neurons are fixed, immunostained for Phospho-ERK (p-ERK) to measure downstream signaling in the striatal neurons (postsynaptic chamber) with high-resolution microscopy 
and quantified.

Results
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Here, we investigate the effect of pridopidine on corticostriatal circuitry in a “disease-on-a-chip” model
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Pridopidine ↓ reactive oxygen species (ROS) levels in 
HD striatal neurons

ROS levels in mitochondria

Striatal HD YAC128 neurons ; n=4, 20 cells/condition
Mito PY1 fluorescence, ****p<0.0001 by two-way ANOVA Naia et al., Neurotherapeutics. 2021

Ryskamp et al., Neurobiology of Disease 2017 Striatal neurons from YAC128 HD mice, Pridopidine 100 nM, n=3, ****p<0.0001 

Pridopidine activation of the S1R in HD positively influences 
multiple pathways that lead to neuroprotection

Pridopidine ↑ BDNF secretion in a S1R-mediated mechanism

1. Christ et al, Cells. 2019; 2. Tesei et al, Frontiers in Pharmacology. 2018; 3. Hayashi and Su, Cell. 2007; 4. Tsai et al, PNAS. 2009; 5. Hayashi et al, Trends in Cell Biol. 
2009; 6. Fujimoto et al, Synapse. 2012; 7. Xu et al, Psychopharmacology. 2014; 7. Kourrich et al, Trends Neurosci. 2012; 8. Ryskamp et al, Front. Neurosci. 2019; 9. Pal et 
al, Eur J Pharmacol. 2012. 10. Ryskamp et al, NBD. 2017 11.Allen Brain Atlas Data Portal

Pridopidine increases dendritic spine density in HD striatal neurons 
Effects not seen in the absence of S1R (S1R-/-)

AntA-Antamycin A induces ROS production by inhibiting 
complex III of the electron transport chain

1
2 3Reconstituting cortico-striatal network on-a-chip The effects of pridopidine were measured in 

the pre-, post- and synaptic compartments of 
the corticostriatal circuit

Pridopidine ↑ axonal transport and global flux of 
BDNF vesicles in HD HTTCAG140/+ cortical neurons

Pridopidine ↑ Global BDNF Flux

4 5 6Pridopidine ↑ p-ERK in post-synaptic HD 
HTTCAG140/+ striatal neurons

Pridopidine ↑ synaptic transmission in 
HTTCAG140/+ cortico-striatal co-culture 

Pridopidine ↑ p-ERK in HD HTTCAG140/+ striatal 
neurons in an S1R-dependent mechanism

Conclusions
Pridopidine restores impaired pre- and post-synaptic functions in the 
cortico-striatal network of an HD cellular model.
The neuroprotective effects of pridopidine are exclusively mediated by the S1R.

Virlogeux et al., Cell Reports 2018: 22:1, 110-112

NMDA signaling induced by glycine + strychnine. Nuclei stained with Hoechst, 
N=at least 36 fields from 5 independent cultures. Data is mean + SEM, 
One-way ANOVA followed by Dunnett’s post-hoc test ,**p<0.01

NMDA signaling induced by glycine + strychnine. Nuclei stained with 
Hoechst, N=at least 28 fields from 4 independent cultures. Data is mean 
+ SEM, One-way ANOVA followed by Dunnett’s post-hoc test ,*p<0.05

Synaptic functionality measured by iGluSnFR, a glutamate sensor
NMDA signaling induced by glycine + strychnine,, N=45 fields from 
3 independent cultures. Data is mean + SEM, Nonparametric 
ANOVA followed by Dunn's post-hoc test,****p<0.0001

Pridopidine ↑ BDNF axonal 
transport velocity

BDNF velocity: speed including pausing and static vesicles;  Global Flux: velocity and the number of motile vesicles giving an 
estimated numerical value of the overall trafficking within the axon.  Neurons treated with 1μM pridopidine for 4 hours. Oneway ANOVA 
followed by Dunnett's post-test, *p<0.05, **p<0.01. 3 independent experiments with at least n=49 per condition

Synaptic transmission BDNF ↑ ERK phosphorylation, 
facilitating pro-survival signaling

p-ERK staining of striatal neurons Pridopidine ↑ p-ERK
Effect abolished with S1R antagonist

Pridopidine ↑ neuronal
connec�vity in HD neurons

untreated Pridopidine 5μM
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ERK phosphorylation (p-ERK) 
is induced when the BDNF 

pathway is activated

Pridopidine ↑ ERK 
phosphorylation

ERK phosphorylation
is ↓in HD

p-ERK nuclei

WT HD HD + 
pridopidine (1μM)

Glutamate is released 
from projecting

corticostriatal neurons
Pridopidine ↑  

glutamate release
 In HD neurons, 

glutamate release
is impaired
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Data is mean  SEM; ***P< 0.001; one way ANOVA followed by Dunnett’s test Geva et al., HMG 2016 15;25(18):3975-3987

The S1R antagonist NE100 abolishes BDNF secretion

Rat neuroblastoma cells
Pridopidine ↑ BDNF and p-ERK in the striatum of 6-OHDA 

Parkinson’s Disease model mice

Francardo et al, Neurotherapeutics 2019; 16(2):465-479

Western blot analysis of striatal samples from 6-OHDA lesioned 
wild-type mice treated with saline as control (n=11) or pridopidine 0.3 
mg/kg (n=9) for 5 weeks. Data is mean ± SEM, unpaired t-test, *p<0.05

control

Pridopidine
0.3 mg/kg

BDNF p-ERK

P-ERK upregulation is downstream of BDNF activation of the TrKB receptor

nucleus

ER

mitochondria

MAM

↑ Nucleocytoplasmic transport
↑ Autophagy

Rescues ER Ca2+ signaling
 ↓ ER stress

Improves mitochondrial function
 ↓ Oxidative stress

↑ BDNF secretion
↑ Axonal transport
↑ Dendritic spine density
↑ Synaptic plasticity

A protein highly expressed in the brain
 
Plays an important role in the cell's response
     to stress

Activation of the S1R has neuroprotective effects:
         ↓ degeneration and death of neurons
         ↑ neuronal health and function by ↑ energy 
               production and clearance of toxic proteins
         ↑ neuronal connectivity
         ↓ cellular stress and neuroinflammation

What is the Sigma-1 Receptor (S1R)?
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