
Cultius de Motoneurones (MN) i la seva utilitat per 

a l’estudi de malalties de la MN

Spinal Muscular Atrophy (SMA)

• Hereditary disease
• Degeneration of a-MNs
• Prevalence of 1 in 6000 live births
• Symmetrical muscular weakness
• Caused by deletion or mutation of the Survival Motor Neuron gene (SMN)
• Disease severity varies, based on copy number and expression of SMN2

http://www.krigolsonteaching.com/afferent--efferent-systems.html
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Monani U., Neuron 2005

Disease severity depends on SMN2 copy number and SMN2

expression 

Survival Motor Neuron gene (SMN)

SMN2

SMN2

SMN2

SMN2

SMN2 SMN2

SMN2 SMN2 SMN2

2

SMA Patient

SMN1

SMN2

Healthy individual

Heterozygous

SMN2

SMN1SMN2

SMN2

SMN2

SMN2

D EXON 7 D EXON 7 D EXON 7

SMN1

SMA classification



Cell 2008 133, 572-574DOI: (10.1016/j.cell.2008.05.002) 
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Survival Motor Neuron gene (SMN) Functions



Corsello et al., 2021

SMA THERAPIES
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Amyotrophic Lateral Sclerosis (ALS)

C9ORF72 gene

is the most common inherited cause for both ALS and FTD, in the first intron has expanded GGGGCC repeats, it form inclusions 

throughout the brain of patients. nuclear RNA aggregates, which recruit specific RNAbinding proteins, thereby potentially inhibiting

their functions

SOD1

20% are associated with dominant mutations in Cu/Zn superoxide dismutase (SOD1) genes

TARDBP (TDP43)

10% are genetics
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Obtenció de Lentivirus

Transfección con PEI 

(Polyethylemin)

• Recollir sobrenedant 3-4 dies

• Centrifuguem a1000 rpm/ 5min

• Filtrem amb filtres 0.45-0,22 mm diàmetre

• Sobrenedats a 4ºC (1 mes) a -80ºC 

HEK293 cell line 



Autophagy in SMA

SMA MN cell culture-knockdown approach

Garcera  A et al., Cell Death Dis.  2013
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SMA mouse model spinal cord

Periyakaruppiah A et al., Exp Neurol. 2016
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GM11: control

GM23240*B:  SMA II (SMN2 2 copies, D exon7-8 in SMN1)

Z.W. Du et al., 2015, modified in Portero’s lab

SMA Human induced Pluripotent Stem Cells



Diferenciació de hiPSC a MNs
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AUTOPHAGY IN SMA FIBROBLASTS

3814: unaffected 3813 mother

3813:  SMA II (SMN2 2 copies, D exon7-8 in SMN1)

9677: SMA I (SMN2 3 copies, D exon7-8 in SMN1)



De la Fuente S et al., Mol Neurol. 2018

Calpeptin treatment increases Smn protein level

Calpain

De la Fuente S et al., Cell Death Dis. 2020

Calpeptin

SMA: Signaling pathways altered in the Motoneurons
Calpain

Calpeptin administration extends survival of SMA mice models

Treatment for the
Spinal Muscular Atrophy

PATENT

PCT/ES2018/070177 

Dr. Sandra de la Fuente Ruiz 



cleaved-caspase-3 proteins are increased in 
human differentiated SMA MNs

SMA: Signaling pathways altered in the Motoneurons
Apoptosis Alba Sansa Zaragoza 

Sansa A et al., Neurobiol Dis. 2021

cleaved-caspase-3 proteins are increased 
in SMA MNs

Akt phosphorylation is reduced in mice 
and human cultured SMA MNs



SMA: Signaling pathways altered in the Motoneurons
Apoptosis

Human differentiated MNs
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Arumugam S et al.
Mol Neurol. 2017

Mincheva S and Soler RM. The Neuroscientist. 2012 

Miralles et al., 2022. Front. Cell Neuroscience 

María Miralles Expósito

IKKbeta is reduced in SMA MNs

Mincheva S et al.
J. Neurosci. 2011
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Analysis of the beneficial effects of calpain inhibitors treatment and combined 
therapies on Spinal Muscular Atrophy
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Preclinical Analisis of new combinatorial treatments for spinal muscular atrophy (SMA): 


