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Amyotrophic lateral sclerosis (ALS) is the most common of the
Motor Neurone Diseases and is commonly called Lou Gehrig’s disease
in North America. ALS is a rapidly progressive disease that attacks both
upper and lower motor neurons responsible for controlling voluntary
muscles, consequently leading to muscular paralysis and invariably
death, most often within three years of diagnosis. The prevalence of
ALS internationally is estimated to be between 3 � 7 people per
100,000, but the rapid progression and poor prognosis of the disease
result in lifetime risk of around 1:300�1:400. Although the underlying
cause of sporadic ALS remains a mystery, there is a rapidly growing list
of genes in which mutations have been linked to inherited forms of
familial ALS (fALS) which accounts for 5�10% of all ALS cases.

The proportion of fALS kindreds that are linked to mutations in
SOD1 depends on the geographical location and ranges from 13% in
Australia to 20% in the USA and up to 50% in China. Behind C9ORF72
repeat expansions, mutations in SOD1 is by far the second leading
known cause of ALS. Globally, there are over 150 disease-causing
mutations in SOD1 associated with ALS. It is well established that the
mutations cause a gain of function rather than loss of function, and
the mutations have in common an ability to destabilize the native
structure of the SOD1 protein [1]. It is likely that much of the newly
synthesized SOD1 never reaches its properly folded native state, since
it is particularly supersaturated in the cellular milieu [2] and that the
disease-associated fibrillary aggregate structures it forms are thermo-
dynamically favourable [3]. In stark contrast, once it reaches its
mature tertiary structure, it is amongst the most stable in the human
body with a thermal melting point of around 90 C. The consequence of
such destabilization are the SOD1 inclusions found in post mortem tis-
sue, and downstream consequences such as ubiquitin-proteasome
DOI of original article: http://dx.doi.org/10.1016/j.ebiom.2020.102980.
* Corresponding author.
E-mail address: Neil.Cashman@vch.ca (N.R. Cashman).

https://doi.org/10.1016/j.ebiom.2020.102997
2352-3964/© 2020 The Author(s). Published by Elsevier B.V. This is an open access article un
dysfunction, endoplasmic reticulum stress, mitochondrial dysfunction,
and calcium dyshomeostasis leading to subsequent motor neuron
death. The misfolding, and thus also the downstream consequences,
can be propagated throughout the nervous system [4]. Misfolded wild
type SOD1 has been detected in sporadic ALS tissue [5], of uncertain
significance. It is likely that promoting the correct folding and matura-
tion of SOD1 will address the underlying causes of SOD1 familial ALS,
and perhaps will prove beneficial in sporadic ALS.

Although limited to a handful of studies, previous attempts at devel-
oping SOD1 pharmacological chaperones have predominantly targeted
the maintenance of the SOD1 dimeric state [6] which is the starting
point inmisfolding from the native dimer.Whilst effective at preventing
SOD1 aggregation of purified protein in vitro, the use of chemical cross-
linkers as a therapeutic is limited by the fact that they typically have
off-target effects such as toxic non-specific protein-protein crosslinking,
and by the fact that much of newly synthesized protein in the cell never
achieves the dimeric state. Previous work has shown that the selenium-
based antioxidant compound ebselen pushes the folding equilibrium
towards the native dimer in several SOD1-FALS mutants in vitro and in
cells [7]. There is an important distinction between the dimer-promot-
ing activity of ebselen and a mere tethering of already interacting subu-
nits. In addition, the same work also demonstrated that ebselen could
significantly increase the amount of disulfide oxidized SOD1 in cells [7].
Together these effects increase the thermal stability of the protein that
should result in a protective effect in SOD1 ALS.

It is at this point that the current work of Hasnain and colleagues
[8] weighs in. Their paper, recently published in EBioMedicine, reports
that feeding G93A SOD1 mice ebselen as part of their diet from
70 days old delayed disease onset by 10 days. The mice were fed food
mixed with or without 0.016% w/w powdered ebselen at 24mg/kg.

They found that while ebselen significantly delayed the onset of
ALS in mice, the treatment did not significantly alter mean survival
time, body weight, or motor performance. While the ad libitum diet
drug delivery method could be improved upon in future study, the in
vivo drug efficacy is encouraging. To this end, the authors synthesized
ebselen analogues and put them through a barrage of tests, from
dimer dissociation, x-ray crystalization, and cell-based SOD1 toxicity
experiments. Amongst the panel of analogues were a few that had
enhanced activity when compared to ebselen. Future studies should
determine the proportion of the drug that reaches the brain and the
maximum tolerated dose of ebselen. It will be important to see if the
der the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebiom.2020.102997&domain=pdf
http://dx.doi.org/10.1016/j.ebiom.2020.102980
mailto:Neil.Cashman@vch.ca
https://doi.org/10.1016/j.ebiom.2020.102997
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebiom.2020.102997
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ebiom


2 J.J. Yerbury and N.R. Cashman / EBioMedicine 59 (2020) 102997
lead analogues from the current work improve on the efficacy of
ebselen in vivo.

Importantly, ebselen is part of the National Institutes of Health
Clinical Collection, a chemical library of bioavailable drugs considered
clinically safe but without proven use, enabling rapid translation to
the clinic. Apart from the implication for future clinical practice, the
study also demonstrates that pharmacological chaperones discovered
through in vitro studies can translate to in vivo rodent studies and
hopefully to humans with ALS.

Authors disclosure

Dr. Yerbury declares no conflicts of interest. Dr. Cashman reports
grants, personal fees and non-financial support from ProMIS Neuro-
sciences, which does not conflict with this commentary.

Contributors

Drs. Yerbury and Cashman shared the writing and editing of this
commentary.
References

[1] Lindberg MJ, Tibell L, Oliveberg M. Common denominator of Cu/Zn superoxide dis-
mutase mutants associated with amyotrophic lateral sclerosis: decreased stability
of the apo state. Proc Natl Acad Sci U S A 2002;99(26):16607–12.

[2] Ciryam P, et al. Spinal motor neuron protein supersaturation patterns are associ-
ated with inclusion body formation in ALS. Proc Natl Acad Sci U S A 2017;114(20):
E3935–43.

[3] Rakhit R, Chakrabartty A. Structure, folding, and misfolding of Cu,Zn superoxide
dismutase in amyotrophic lateral sclerosis. Biochim Biophys Acta 2006;1762
(11�12):1025–37.

[4] Crown A, et al. Tryptophan residue 32 in human Cu-Zn superoxide dismutase
modulates prion-like propagation and strain selection. PLoS ONE 2020;15(1):
e0227655.

[5] Grad LI, et al. Intercellular propagated misfolding of wild-type Cu/Zn superoxide
dismutase occurs via exosome-dependent and -independent mechanisms. Proc
Natl Acad Sci U S A 2014;111(9):3620–5.

[6] McAlary L, Yerbury JJ. Strategies to promote the maturation of ALS-associated
SOD1 mutants: small molecules return to the fold. Neural Regen Res 2019;14
(9):1511–2.

[7] Capper MJ, et al. The cysteine-reactive small molecule ebselen facilitates effective
SOD1 maturation. Nat Commun 2018;9(1):1693.

[8] Amporndanai K, et al. Novel Selenium-based compounds with therapeutic potential
for SOD1-linked Amyotrophic Lateral Sclerosis. EBioMedicine 2020 In press.

http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0001
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0001
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0001
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0002
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0002
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0002
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0003
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0003
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0003
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0003
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0004
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0004
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0004
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0005
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0005
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0005
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0006
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0006
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0006
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0007
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0007
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0008
http://refhub.elsevier.com/S2352-3964(20)30373-X/sbref0008

	Selenium-based compounds: Emerging players in the ever-unfolding story of SOD1 in amyotrophic lateral sclerosis.
	Authors disclosure
	Contributors
	References


