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Abstract: Amyotrophic lateral sclerosis (ALS) is one of typical neurodegenerative diseases characterized by progres-
sive degeneration of motor neurons in the brain and/or spinal cord. A large number of ALS pathogenic genes have been
screened out by DNA sequencing and broadened our scope with the occurrence of ALS. However, the downstream signal-
ing pathways of these genes leading to the progression of ALS disease remains unclear. With the continuous progress of ba-
sic research, it has been found that mitochondrial damage, abnormal mitochondrial dynamics, and mitophagy play impor-
tant roles in the pathogenesis of neurodegenerative diseases such as ALS. In this review, we mainly discussed the possible
mechanism of mitochondrial dysfunction caused by pathogenic genes of ALS, in order to emphasize the importance of mito-
chondrial dysfunction in the development of ALS.
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Mutations in SODI lead to reduced MAM and excessive mitochondrial fission (1, 9); mutations in CHCHD10 lead to abnormal mitochondrial cristae
structure and protein aggregates within mitochondria (2, 8); (3) mutations in SODI and TDP—-43 lead to excessive release of mtDNA and Ca2" into the
cytoplasm via mPTP; (4, 10) mutations in TDP-43 lead to abnormal mitochondrial transcription and local translational abnormalities of mitochondrial
precursor proteins; (5) mutations in SODI and C9ORF72 lead to mitochondrial ROS production; (6) mutations in TDP—-43 and C9ORF72 lead to abnor-
malities in the mitochondrial respiratory chain; (7) mutations in SOD1 and CHCHD10 lead to activation of mitophagy.
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Fig.1 Schematic diagram of the impact of ALS-related gene mutations on mitochondria
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Table 1 Effects of mutations in ALS risk genes on mitochondria
Gene Mutation Description Reference
Mitochondrial respiration and ATP produc-
Cell Death Differ. 2021 Apr;28(4):1379-1397.
tion reduction ; Intramitochondrial inclusion
/ Sporadic ) Acta Neuropathol. 2007 Dec; 114(6) : 633-9.
bodies; Mitochondrial membrane potential ,
o o Mol Neurodegener. 2017 Oct 24;12(1) :76.
respiration, and glycolysis increase
s Mitochondrial calcium buffering capacity re- J Neurosci. 2013 Mar 13;33(11):4657-71.
s s duction; Mitochondrial excessive fragmenta- EMBO Mol Med. 2018 Mar; 10(3) : e8166.
_— tion and ROS production; Mitophagy activa- EMBO Mol Med. 2018 Oct;10(10) : e8888.
tion; MAM reduction EMBO Mol Med. 2016 Dec 1;8(12):1421-1437.
Mitochondrial damage ; Abnormal mitochon-
ALS2 Knock—out Hum Mol Genet. 2016 Mar 15;25(6) : 1074-87.
drial structure
Mitochondrial membrane potential and mtD-  Autophagy. 2021 Aug;17(8) :1889-1906.
SETX L389S
NA loss Mol Cell. 2018 Feb 1;69(3):426-437.€7.
Mitochondrial localization, morphology, Autophagy. 2019 Jul;15(7) : 1214-1233.
VAPB P56S mobility, and fission/fusion defects; Mito- Hum Mol Genet. 2012 May 1;21(9):1979-88.
chondria aggregation Hum Mol Genet. 2012 Mar 15;21(6) : 1299-311.
G298S Complex I subunits defects; mtDNA re- Nat Med. 2016 Aug;22(8) :869-78.
TARDBP A382T lease ; Local translational abnormalities of Cell. 2020 Oct 29;183(3) :636-649.¢18.
Q331K mitochondrial proteins Nat Commun. 2021 Nov 25;12(1):6914.
Respiratory chain complex mRNA seques-
Proc Natl Acad Sci US A. 2018 Oct 9;115(41) : E9678—
FUS P52L tration; ATP synthase complex disruption ;
E9686.
MAM reduction
OPTN E478G Mitophagy inhibition Nat Commun. 2016 Aug 24;7:12547.
R155H R191
Mitochondrial uncoupling; ATP synthesis Neuron. 2013 Apr 10;78(1) :57-64.
vcp Q R155C
reduction; Mitophagy inhibition Neuron. 2013 Apr 10;78(1) : 65-80.
A232E
Defective import and/or delivery of TIMM44
UBQLN2 P497S ) ) Hum Mol Genet. 2021 Jun 17;30(13) : 1230-1246.
to mitochondria
SIGMAR1 E102Q MAM reduction Cell Death Differ. 2017 Oct;24(10):1655-1671.
Tl Complex I damage ; Mitochondrially encod-  Nat Neurosci. 2019 Jun;22(6) : 851-862.
nock out
ed transcripts dysregulation; Complex V Cell Metab. 2021 Mar 2;33(3) :531-546.¢9.
C90RF72 (G4C2), . .
(GGXCGX) component ATP5A1 degradation; Mitochon- Acta Neuropathol. 2021 Feb; 141(2) :257-279.
" drial ribosomal protein dysfunction Neuron. 2016 Oct 19;92(2) :383-391.
SQSTM1 S403A Mitochondrial complex I inhition Autophagy. 2020 Aug; 16(8):1396-1412.
Mitochondrial damage ; Abnormal mitochon-
PNF1 G118V Front Cell Neurosci. 2019 Nov 7;13:489.
drial structure
TS Mitophagy activation; Protein aggregates Nat Commun. 2021 Mar 26;12(1):1924.
and mtISR activation; Mitochondrial respi-  Acta Neuropathol. 2019 Jul; 138(1): 103-121.
CHCHDI10 S59L
0108P ratory dysfunction; Mitochondrial cristae EMBO Mol Med. 2018 Jun; 10(6) :e8558.
loss EMBO Mol Med. 2016 Jan 1;8(1):58-72.
T R3570Q Mitophagy inhibition; Mitochondrial stress ~ Proc Natl Acad Sci U S A. 2021 Jun 15;118(24) :
MS559R induction €2025053118.

ATP: adenosine triphosphate; ROS: reactive oxygen species; MAM: mitochondria associated membranes; mtDNA: mitochondrial DNA;

mtISR: mitochondrial integrated stress response.
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