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Abstract

. . . . Keywords
Amyotrophic Lateral Sclerosis (ALS) is the most common fatal motor neuron disease

characterized by involvement of the combination of upper (UMNs) and lower Amyotrophic lateral
(LMNSs) motor neurons. The degeneration of LMNs and UMNs leads rapidly to

progressive muscle atrophy and paralysis, dysphagia, dysarthria, fasciculations, scletosis,
muscle cramps, and finally death due to respiratory failure. ALS,
ALS is an adult-onset neurodegenerative disease; its age at onset (AAO) is usually SoDI,
50-60 years. However, AAO of the disease is variable (1 - 94 years old). Mean

survival of patients with ALS has been reported as 3-5 years from the disease onset. Corf72,
However, 10-20% of patients survive more than 10 years. The incidence and Iran

prevalence of ALS in the European population is 1-2 and 2-7 people per 100,000,
respectively.
Due to the great clinical variability in ALS manifestations, the diagnosis of ALS can
be challenging. Thus, the El Escorial criteria were developed based on clinical data
to ALS diagnosis.
ALS can be categorized into different forms:
a) It can be classified into familial and sporadic based on the presence and )
absence of other patients in the family. Most ALS cases are sporadic (SALS) Received: 05/02/2023
and only about 1-13% of ALS cases are familial (FALS). Published: 08/04/2023
b) It can be sub-grouped based on the mode of inheritance of the disease;
autosomal dominant, autosomal recessive, X-linked, mitochondrial or de
novo.
c) ALS can be categorized based on the age at onset of the disease: juvenile
ALS; age at onset below 25 years, and adult ALS; the onset age is over 25
years old - usually the onset age of the disease is over 45 years old.
d) ALS can be classified based on the locus and gene involved in the
development of the disease. To date, more than 40 ALS-causative genes
have been identified. These loci are only responsible for about two-thirds of
FALS and about 10% of SALS.
Molecular analyses of the known ALS genes have demonstrated that their encoded
proteins are involved in several physiological pathways, including, oxidative stress,
axonal transport, autophagy, proteins folding, glutamate excitotoxicity, RNA
metabolism and involvement of non-neuronal cells (microglia, astrocytes and
oligodendrocytes).
Among the ALS-causative known genes, five genes including SOD1, C9orf72,
TARDBP, FUS/TLS and TBK1 seem to more important and account for about 15%
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of all ALS patients. Meanwhile, mutations of SOD1 and C90rf72 genes are detected
in a significant percent of patients.

Superoxide dismutase 1 gene - SOD/ - is the first gene identified for ALS disease.
Mutations of this gene have been observed in 20% (12-23%) of FALS cases and
about 3% (1-7%) of SALS patients.

The repetitive sequence of six nucleotides (GGGGCC; G4C2), in intron 1 of the
C90rf72 gene was also associated with ALS. The number of G4C2 repeats in healthy
people is less than 23, while in affected individuals, the number of these repetitions
was more than 23 and up to 1500 and even more. The dynamics of such repetitions
in this gene may be an explanation for the phenotypic variability and different
penetrance of the disease in these families.

The cause of most ALS cases is not yet known, but it is certain that several cellular
functions are disturbed in the motor neurons of these patients, which can probably
lead to the degeneration of these neurons. It is clear that most of the genes responsible
for ALS do not exclusively play a role in the development of this disease, and
mutations in these genes are not only involved in the development of ALS, but also
can result in the occurrence of other neurodegenerative disorders like frontotemporal
dementia (FTD), hereditary spastic paraplegia (HSP), Parkinson disease, progressive
supranuclear palsy, ataxia, corticobasal syndrome, and Huntington disease-like
syndrome. So, understanding the pathogenesis of ALS is essential in developing
diagnostic methods and providing new effective treatments in the clinical trials.
Here, we reviewed the clinical, epidemiologic and genetic of ALS and briefly
explained those in Iran. Our results showed (a) the average incidence and prevalence
of ALS were 0.42/100 000, and 1.57/100 000, respectively. (b) In contrast to
European countries, mutations of SOD/ are the common cause of ALS in Iranian
FALS patients; they are causative in approximately 30% of the FALS cases but
mutations of C9orf72 are rare. (c) A significant difference in disease progression rate
is observed between patients who used riluzole and those who did not.
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Locus/ Gene Gene name OMIM | Inheritance/ Analysis type (initial) Year Protein
Chromosome Phenotype Function
ALS1/21q22.11 SOD1 Cu/Zn superoxide 105400 AD, AR, Linkage analysis 1993 Superoxide
dismutase 1, soluble De novo, metabolism
(ALS 1) Adult-onset
ALS2/2q33.2 Alsin/ALS2 | Amyotrophic lateral | 205100 AR, Linkage analysis 2001 Endosomal
sclerosis 2 Juvenile- dynamics and
(juvenile) homolog onset type trafficking,
3 neurite
outgrowth
ALS3/18q21 ? ? 606640 | AD, Adult- Linkage analysis 2002 | Disulfide redox
onset protein
ALS4/9q34.13 SETX Senataxin 602433 AD, Linkage analysis 2004 DNA/RNA
Juvenile- metabolism
onset and helicase
activity
ALSS5/15q14 SPG11 Spatacsin 602099 AR, Linkage analysis 2010 Cytoskeletal
Juvenile- stability,
onset typel regulating
synaptic
vesicle
transport
ALS6/16p11.2 FUS Fusion (involved in | 608030 AD, AR, Linkage analysis & Candidate gene | 2009 Splicing
t(12;16) in De novo, regulation,
malignant Adult-onset RNA transport,
liposarcoma) maintenance of
genomic
integrity,
miRNA
processing
ALS7/20p tel- ? ? 608031 | AD, Adult- Linkage analysis 2003 ?
pl3 onset
ALS8/20q13.33 VAPB Vesicle-associated | 608627 | AD, Adult- Linkage analysis 2004 Vesicle
membrane protein- onset trafficking
associated protein B
ALS9/14q11.1 ANG Angiogenin 611895 | AD, Adult- | Linkage analysis & Candidate gene | 2006 RNA
onset processing,
neurite
outgrowth,
vascularisation,
stress granule
formation
ALS10/1p36.22 TARDBP Transactivation 612069 | AD, Adult- Candidate gene 2008 Splicing
response DNA onset regulation,
binding; TDP-43 AR is very Linkage analysis RNA transport,
rare miRNA
biogenesis
ALS11/6q21 FIG4 Phosphatidylinositol | 612577 | AD, Adult- Endosomal
3,5-bisphosphate 5- onset/ AR Candidate gene 2009 trafficking to
phosphatase is very rare Golgi network,
autophagy
regulation
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Locus/ Gene Gene name OMIM | Inheritance/ Analysis type (initial) Year Protein
Chromosome Phenotype Function
ALS12/10p13 OPTN Optineurin 613435 AD, AR, Homozygosity mapping | 2010 Golgi
Adult-onset maintenance,
membrane
trafficking,
exocytosis,
autophagy
ALS13/12q24.1 ATXN2 Ataxin 2 183090 AD, Candidate gene 2010 RNA
Adult-onset processing
(interacts with
TDP-43),
endocytosis,
modulates
mTOR
signaling
ALS14/9p13.3 40/ Valosin 613954 AD, WES 2006 Protein
containing Adult-onset degradation
protein via UPS,
autophagy,
membrane
fusion
ALS15/Xpl11.21 UBQLN2 Ubiquilin 2 300857 | Dominant- Linkage analysis 2011 Protein
X-linked, degradation
Adult-onset via UPS
ALS16/9p13.3 SIGMARI Sigma non- 614373 AR, Homozygosity mapping | 2010 | Lipid transport
opioid Juvenile- from ER,
intracellular onset mitochondrial
receptor 1 axonal
transport,
BDNF and
EGF signaling
ALS17/3p11.2 CHMP2B CHMP2B 614696 | AD, Adult- Candidate gene 2006 | Multivesicular
(charged onset body
multivesicular formation,
protein 2B) protein
trafficking to
lysosomes
ALS18/17p13.3 PFNI Profilin 1 614808 | AD, Adult- WES 2012 Cytoskeletal
onset signaling,
regulates actin
polymerization
ALS19/2q33.3- ERBB4 v-erb-b2 avian 615515 AD Linkage Analysis & WES | 2013 Receptor
q34 erythroblastic tyrosine kinase
leukemia viral activity
oncogene Neuronal cell
homolog 4 mitogenesis
and
differentiation
ALS20/ HNRNPAI heterogeneous 615426 AD Linkage Analysis & WES | 2013 mRNA
12q13.1 nuclear processing,
ribonucleoprotein splicing, and
Al transport
ALS21/5q31.2 MATR3 Matrin 3 606070 AD WES 2014 RNA
processing,
chromatin
organization
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Locus/ Gene Gene name OMIM | Inheritance/ Analysis type (initial) Year Protein
Chromosome Phenotype Function
ALS22/2q35 TUBA44 Tubulin o-4A 191110 AD WES 2014 | Component of
chain microtubules
ALS23/10q22.3 ANXAIl Annexin Al1 602572 AD WES 2017 Phospholipid
and calcium-
binding
ALS24/4q33 NEK1 NIMA (Never | 604588 AD WES 2016 | Cilia formation,
In Mitosis Gene DNA-damage
A)-Related response,
Kinase 1 microtubule
stability,
neuronal
morphology,
axonal polarity
ALS25/12q13.3 KIF54 Kinesin Family | 602821 AD WES 2018 Cellular
Member 5A transport
ALS26/2pl13.3 TIAI TIAL1 cytotoxic | 603518 AD WES 2017 Stress granule
granule assembly
associated RNA
binding protein
ALS- CYorf72 Chromosome 105550 | AD, Adult- Linkage analysis 2011 Transcription,
FTD1/9p21.2 9,0pen reading onset splicing
farme 72 regulation,
endosomal
trafficking,
autophagy
ALS- CHCHD10 Coiled-coil- 615911 | AD, Adult- Exome sequencing 2014 | Mitochondrial
FTD2/22q11.23 helix domain- onset protein, cristae
containing morphology,
protein 10 oxidative
phosphorylation
2pl3 DCTNI Dynactin 1 105400 AD, Candidate gene 2004 | Axonogenesis,
Slowly microtubule
Progressive anchoring, ER
LMN to Golgi
disease transport,
spindle
formation,
vesicle
transport, cilia
formation
5g35.3 SOSTM1 Sequestosome 1 | 616437 AD Candidate gene 2011 Protein
degradation via
UPS and
autophagy
6p25,21q22 ? ? - AR, Linkage analysis o o
Juvenile-
onset
20q13.33 SS18L1 SS18-Like gene | 606472 AR Exome sequencing 2014 Calcium-
1 or Calcium- responsive
Responsive transactivator
Transactivator; and/or neuronal
CREST chromatin
remodeling
complex
12q14.2 TBK1 Tank-binding 604834 AD Exome sequencing 2015 Autophagy,
kinase 1 innate
immunity
signaling
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Locus/ Gene Gene name OMIM Inheritance/ Analysis type (initial) Year Protein Function
Chromosome Phenotype
19p13.11 UNC134 Caenorhabditis 609894 - Genome-wide association study 2009 SALS
eleganss A homolog
12q24 DAO D-amino acid 124050 AD, Adult Whole genome screen/ Linkage Analysis | 2010 | Regulates D-serine
oxidase onset levels, N-methyl-
D-aspartate
receptor regulation
22ql12.1 NEFH Neurofilament 162230 AD, Adult Cloning and sequencing 1994 Maintenance of
constitutive 200- onset neuronal caliber,
kDA heavy chain intracellular
transport
12q12 PRPH Peripherin 170710 AD, AR, Restriction Digest Analysis of Variants | 2004 Cytoskeletal
Adult onset protein, neurite
elongation, axonal
regeneration
17q11.1- TAF15 TATA box binding | 601574 AD Candidate gene 2011 transcription
qll.2 protein-associated initiation; RNA
factor polymerase II
2p24 SPAST Spastin 604277 Juvenile Candidate gene 2005 microtubule
onset dynamics
8p21.1 ELP3 Homolog 612722 ? Linkage disequilibrium 2009 | Protein synthesis,
elongation protein 3 maturation of
(Saccharomyces projection neurons
cerevisiae)
5q23.2 LMNBI Laminin B1 150340 AD WES and linkage analysis Spindle assembl
22q12.2 EWSRI EWS RNA Binding | 133450 Adult onset SNP genotyping 2012 RNA splicing,
Protein 1 transcriptional
repressor
Tpl15.2 hnRNPA2B1 Heterogeneous 600124 AD WES and linkage analysis 2013 | mRNA processing,
nuclear splicing, and
ribonucleoproteins transport
A2/B1
19q12 CI90RF12 Protein C19orf12 614297 | AR/juvenile Sequence analysis 2012 Mitochondrial
onset protein
19p13.2 PNPLA6 Neuropathy target 603197 | AR/childhood Sequence analysis 2008 Regulation of
esterase onset neuronal
membrane
composition
15¢25.1 CHRNA3,44, Neuronal 118503 Adult onset Sequence analysis 2009 Cholinergic
20q13.33 B4 acetylcholine 118504 Neurotransmission
15g25.1 receptor subunit o- 118509
3, a-4, -4
3p21.1 GLT8D1 Glycosyltransferase | 618399 AD WES 2019 | Glycosyltransferase
8 domain containing activity
1

AD: autosomal dominant; AR: autosomal recessive; FALS: familial amyotrophic lateral sclerosis; SALS: sporadic amyotrophic lateral sclerosis; WES: whole
exome sequencing
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Parkinson/
Parkinsonism

CMT: Charcot-Marie—Tooth
PDB: Paget's disease of bone
SMA: Spinal muscular atrophy
FTID: Frontotemporal dementia
PCH: Pontocerebellar hypoplasias
ALS: Amyotrophic lateral sclerosis
HSP: Hereditary spastic paraplegia
BVVL: Brown-Vialetto-Van Laere syndrome
NBIA: Neurodegeneration with brain iron accumulation

Motor
neuropath:

PCH

HSP

Myopathy
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