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Abstract 

All the neurodegenerat ive diseases seem to have a few common patt erns. Recent 
studies have d iscovered sim i larities between Amyotrophic Lateral Sclerosis (ALS) and 
a sub-type of the Spinocerebellar Ataxia (SCA) d iseases. SCA is charact erised by 
different sub-types; the sub-type Spinocerebel lar Ataxia Type 2 (SCA2) is particu larly 
related to ALS. Similarities in both diseases with other types of neurodegenerative 
diseases make it difficult to diagnose at onset and hence symptomatic treatment, not 
cure, is usually started later on in the progr,ession of the disease. 

In this article, a brief description of both diseases and an overview of the genetics of 
the individual diseases are outlined. In particular, reference is made to studies which 
have shown that the pathological number of CAG trinucleotide repeat-expansions in 
the ATXN2 gene are causative of SCA2 or even ALS. 

Amyotrophic Lateral Sclerosis 

ALS involves progressive motor neuron 
loss in the spinal cord and in the brain, 
affecting both lower motor neuro ns 
(LMNs) and upper motor neurons 
(UM Ns). It is a neurodegenerative 
syndrome and not a neuromuscular 
disease, sharing pathobiological 
characteristics with frontotemporal 
dementia (FTD) (Van Es et al., 2017). ALS 
is a fatal type of motor neuron disorder 
(Zarei et al., 2015). Symptoms usually 
emerge in patients aged between 50 
and 65 (Logroscino et al., 2009), 
however, young-onset ALS has been 
diagnosed and observed clinically 
(Artemiadis et al., 2016). 
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ALS can be divided into two forms: 
• Familial ALS (FALS); 
• Sporad ic ALS (SALS). 

The sporadic form is the most common 
form. 90%-95% of all cases reported are 
of the sporadic type. The sporadic form 
has no evident genetically acquired 
component. 
The other type, FALS, represents the rest 
of the 5%-10% of cases (Ticozzi et al., 
2011). The latter have a genetically 
dominant inheritance factor with 30 or 
more affected genes (Renton et al., 
2013). 



To date no one has developed a cure for 
ALS. Patients suffering from ALS more 
often than not, complain of fatigue, 
which may eventually cause distress 
and impair quality of life (QoL) (Gibbons 
et al., 2018). 

Slowing down disease progression is the 
current aim of clinical trials. This is done 
by testing those drugs that work on the 
processes that come about after the 
onset of the disease. Current novel 
t herapies that are in t r ial include 
(Gordon, 2011): 

• Vaccine therapies; 
• Injections of stem cells; 
• Neuroprotective agents with 

different acting mechanisms; and 
• Diaphragmatic pacing. 

ALS patients have an approximate life 
expectancy of 3 years following onset of 
symptoms. In approximately 5% of 
patients, however, there is a range of 
survival between a few months and ten 
years or longer (Gordon, 2011). At the 
last stages of life the only available 
comfort to patients is pa ll iative care. 

Spinocerebellar Ataxia 

SCAs are a subgroup of a group of 
autosomal dominant cerebellar ataxias 
which are hereditary. Ataxias and SCAs 
share the same clinical features. 
Cerebellar ataxias are the progressive 
type of neu rodegenerative diseases 
affecting primarily the cerebellum with 
progressive degeneration but also 
affecting other regions which are 
connected, including the brainstem. 
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CAG repeat expansions coding for 
polyglutamine are observed in many 
SCAs suggesting that the disease 
involves the polyglutamine protein 
(polyQ), which is the toxic type (Sullivan 
et al., 2018). 

The disease is mostly adult onset 
(Klockgeth er et al., 2019). In particular, 
SCA type 2 is caused by CAG nucleotide 
repeat expansions in the gene ATXN2, 
which codes for the ataxin-2 protein. 
Patients with this disease present with 
slow saccades and progressive ataxia 
(Scoles & Pulst, 2018). 

To date no treatment to stop or slow 
SCAs has been found, many of which 
terminate in premature death. Patients 
suffering from SCA receive clinical care 
which manages the disease's 
symptoms. 

Genetics of ALS 

In approximately 60% to 80% of FALS 
patients, mutations of genes of grand 
effect are identified, in particu lar, 
mutations in the below tabulated genes 
(Renton et al., 2013): 



Genes: Percentage of patients: 

Chromosome 9 open reading frame 72 
40% 

(C9orf72) 

Superoxide dismutase 1 (SOD1) 20% 

Fused in Sarcoma (FUS) 1.5% 

TARDBP-43 (Trans-active response DNA-
1.5% 

binding protein 43 [TDP-43]) 

Table 1: Patient Percentages of Gene Mutations in FALS. Most patients 
(40%) with FALS present with a gene mutation in C9orf72. Second most 
common mutation (20%) is in the SODl gene, fol lowed by roughly equal 
lesser presentations (1.5%) of FUS and TDP-43 gene mutations. 

The inheritance in FALS patients follows 
a Mendelian genetic pattern and is 
autosomal dominant (He et al., 2014). 
The C9orf72 gene mutation in FALS is 
referred to as a hexanucleotide repeat 
expansion (HRE). This mutation causes 
degeneration of neurons in 3 ways 
(Brown & Al -Chalabi, 2017; Balendra & 
Isaacs, 2018): 

• Loss of function; 
• Ribonucleic acid (RNA) toxicity -

which leads to toxic gain of function; 
and 

• Dipeptide repeat proteins (DRPs) -
which also lead to toxic gain of 
function. 

Mutations in the SODl gene cause cell 
cytotoxicity. It primarily affects RNA and 
deoxyribonucleic acid (DNA) 
metabolism. 
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Adenosine triphosphate (ATP) 
production and free calcium release in 
the mitochondria are also impacted. 
Astrocytes and microglia that are 
associated with motor neurons are also 
impaired and hence cause progression 
of the ALS disease. This disease 
progression is caused because of the 
astrocyte cel ls' reduced uptake of 
g lutamate resulting in t he 
accumulation of glutamate - which is 
toxic to the motor neurons (Pasinel li & 
Brown, 2006). 

Both FUS and TDP-43 are genes which 
are responsible for gene regulation and 
gene expression. In particular, RNA 
splicing, transcription, translation, 
transport and the processing of 
regulatory RNA (Kiernan et al., 2011). 



Genetics of SCA2 

SCAs are genetically grouped according 
to repeat expansions. In most SCAs, 
damage is caused to the Purkinje 
neurons in the cerebellum which results 
in atrophy of the cerebellum. The 
damage is not only limited to the 
cerebellum, however, damage may also 
be caused t o the brainstem pontine 
nuclei, basal ganglia and the spinal cord 
(Klockgether et al., 2019). 

In part icular, SCA2 disease is caused by 
a t rinucleot ide CAG expansion of 31 or 
more repeats in the gene that codes for 
the ataxin-2 protein, i.e. ATXN2. The 
trinucleotide repetitive sequence of 
( CAG)8(CAA)l (CAG)4(CAA)l (CAG)8 found 
in the amino-terminus of the gene 
codes for repetitive glutamine residues. 
CAA trinucleotides also code for 
glutamine, however, their presence in 
the repetitive sequence allows for 
stability of the expansion and has an 
effect on the secondary structure of 
RNA (Sobczak & Krzyzosiak, 2005). These 
observations are said to possibly 
contribute to the disease's phenotypic 
variability (Antenora et al., 2017). 

Ataxin-2 in ALS and SCA 

The ataxin-2 protein is expressed in 
normal human brain, in particular, in the 
midbrain, trochlear neurons, Purkinje 
neurons and large neurons found in the 
substantia nigra. Wild-type protein 
ataxin-2 is limited to the cytoplasm, but 
it can also be found in the endoplasmic 
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reticulum and Golgi apparatus (van de 
Loo et al., 2009). The pattern of ataxin-2 
expression was the same both in the 
brains of SCA2 patients and in 
unaffected individuals (Antenora et al., 
2017). 

The exact function of ataxin-2 is still not 
known. A study conducted on mice 
deficient of ataxin-2 showed that they 
remained viable and only gained weight 
when fed on a fat-enhanced diet 

' 
indicat ing that its function in 
development is not essential (Kieh l et al., 
2006). Other studies showed evidence 
that it is involved in the regulation of the 
amount of calcium released from 
endoplasmic reticula, involved in RNA 
processing and also in stress granules 
assembly as well as epidermal growth 
factor receptor (EGFR) endocytic 
trafficking (Antenora et al., 2017). 

Alleles are said to be 'normal' if they 
have CAG repeats in the ATXN2 gene 
which amount to 31 or even lower. SCA2 
is seen in patients with an expansion of 
CAG repeats in the ataxin-2 gene. A CAG 
repeat expansion in the ATXN2 gene 
greater t han or equal to 34 is causative 
of SCA2 (Pulst et al., 1996). 

Elden et al., (2010) suggested that 29 to 
34 repeat expansions of the 
trinucleotide CAG repeats at the ATXN2 
polyQ locus present a risk factor for ALS. 
This type of ATXN2-associated ALS IS 

referred to as classic ALS because it 
presents with a number of UMN and 



LMN signs. In this particular type of ALS 
it is reported that in the cerebellar 
vermis there is remarked loss of 
Purkinje cerebellar cells which is not 
present in other forms of ALS (Tan et al., 

2016). 

This link is in line with the study that 
many risk genes in ALS, in particular 
TDP-43 are involved in RNA metabolism 
hence further enhancing the observed 
link between the p roteins ataxin-2 and 
TDP-43. TDP-43, like ataxin-2, is involved 
in certain RNA processes especially in 
RNA stability, alternative splicing and 
transcription all of which are associated 
with RNA metabolism (Paulson et al., 
2017). 

In a study using a yeast screen, the 
Pablp-binding protein (PBPl), which is a 
yeast homologue of ataxin-2, is shown 
to increase toxicity which is TDP-43 
mediated. This increase in TDP-43 
toxicity was also related to the ATX-2 
Drosophila homolog of ataxin-2. This 
concludes that the association between 
ataxin-2 and TDP-43 is RNA-dependent 
in both mammalian and yeast cells 
(E lden et al., 2010). It was also observed 
that ataxin-2, like TDP-43 is mis­
localised to t he cytoplasm in motor 
neurons of ALS patients giving it a toxic 
gain-of-function. The trinucleotide CAG 
intermediate-length repeat expansions 
were observed to be less frequent in 
normal individuals as opposed to ALS 
patient s (Van Damme et al., 2011). Th is 
concludes t hat t he polyQ length in t he 
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ATXN2 gene (wild-type as well) affects 
the function in RNA metabolism, 
involving both ataxin-2 and TDP-43 
(Paulson et al., 2017). 

Community Care and Patient W e ll 
Being 

In Malta, 'Dar Bjorn' is a nursing home 
for patients suffering from ALS and 
other neurological conditions. Ever since 
its setting up in November 2017, it has 
provided cont inuous a id and care for 
the residents of the nursing home. 

It has helped in improving the Qol of 
patients suffering from neurological 
conditions, many of whom would not 
have had the same level of comfort from 
home. 

Conclusion 

Studies are being done on famil ies to 
see if there are any families w ith 
coexisting ALS and SCA2. A study done 
by Tazen et al., (2013) showed how two 
members of the same family, a paternal 
uncle and his niece, were diagnosed 
with ALS and SCA2 respectively, both 
having the full CAG trinucleotide repeat 
expansion . Their fami ly pedigree is 
shown in Figure 1. This study showed 
that the mutation in the ATXN2 gene 
can present with different phenotypes 
in the same family, hence strongly 
suggesting that genetic tests to check 
for polyQ repeat expansions in the 
ATXN2 gene should be done in patients 
suffering from ataxia and coming from 
an ALS family h istory. 



Ataxia: 
Onset in SOs 
Death at aoe 62 y of Ml 

II 

111 

IV 

Figure 1: 

ALS CAG repeat Of 
39/22 lnATXNl 
Onset at ~ge 62 y 
Death at aoe 64 y 

'SCA2: CAG repeat 
of 40/22 lnATXN2 
onset at age 36 y 

/Deceased 
• Affected ALS 
O Unaffected 
OAtaxfa 
OUnaffected 
...-Proband 

Family Pedigree (Tazen et al., 2013). The proband - female with SCA2 with 
an unaffected mother and a deceased unaffected father, having CAG 
repeat expansions in ATXN2. The paternal deceased uncle had ALS with 
the same trinucleotide repeat expansion as the proband but with different 
lengths. 
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