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SOD1 Oxidation in
Biological Aging

B I O
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R E S E A R C H

Background: Amyotrophic lateral sclerosis (ALS) is a devastating neuro-

degenerative disease. There is no cure currently. The discovery that mu-

tations in the gene SOD1 are a cause of ALS marks a breakthrough for the 

search of effective treatments for ALS. SOD1 is an antioxidant that is 

highly expressed in motor neurons. Human SOD1 is prone to aberrant 

modifications. Familial ALS-linked SOD1 variants are particularly suscep-

tible to aberrant modifications. Once modified, SOD1 undergoes confor-

mational changes and becomes misfolded. This study aims to determine 

the effect of selective removal of misfolded SOD1 on the pathogenesis of 

ALS. 

Methods: Based on chaperone-mediated protein degradation pathway, 

we designed a fusion peptide named CT4, and tested its efficiency in 

knocking down intracellularly misfolded SOD1 and its efficacy in modify-

ing pathogenesis ofALS.

Results: Expression of a plasmid carrying the CT4 sequence in human HEK 

cells resulted in robust removal of misfolded SOD1 induced by serum depri-

vation. Co-transfection of the CT4 and the human SOD1 G93A plasmids at 

various ratios in rat PC12 cells demonstrated a dose-dependent knockdown 

efficiency on G93A, which could be further increased when misfolding of 

SOD1 was enhanced by serum deprivation. Application of the full length 

CT4 peptide to primary cultures of neurons expressing the G93A variant of 

human SOD1 revealed a time-course of the degradation of misfolded SOD1; 

misfolded SOD1 started to decrease by 2 h after the application of CT4 and 

disappeared by 7 h. Intravenous administration of the CT4 peptide at 10 

mg/kg to the G93A mice at the age of 4 months old induced reduction of 

human SOD1 in spinal cord tissue by 68% in 24 h and 54% in 48 h. Intraper-

itoneal administration of the CT4 peptide starting from 60 days of age sig-

nificantly delayed the onset of ALS and prolonged the lifespan of the G93A 

mice. Conclusions: The CT4 peptide directs degradation of misfolded SOD1 

in high efficiency and specificity. Selective removal of misfolded SOD1 sig-

nificantly delays the onset of ALS, demonstrating that misfolded SOD1 is 

the toxic form of SOD1 that causes motor neuron death. The study provides 

a proof of concept that selective removal of misfolded SOD1 is a promising 

treatment for ALS.

O B J E C T I V E S

1. Posttranslational modification of SOD1 plays a role in ageing and age-re-

lated neurodegenerative diseases.

2. Selective removal of misfolded SOD1 is a promising treatment for ALS.

3. SOD1 oxidation accelerates celluar senescence in neural stem cells; Knock-

down oxidized SOD1 increases proliferation and stemness of neural stem 

cells.
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