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Abstract
Objectives

To describe a novel familial variant of superoxide dismutase 1 (SOD1)-associated amyotrophic
lateral sclerosis (ALS) in a Lithuanian family, highlighting its variable progression and impli-
cations for treatment inclusion criteria.

Methods

This study presents the clinical and genetic findings of a family with the novel SOD1 variant,
including one member diagnosed with early-onset ALS (onset <40 years) and one with a
particularly rapidly progressing course of ALS.

Results

The SODI variant NM_000454.5:c.446T>C, NP_000445.1:p.(Val149Ala) was identified in
affected family members and 4 asymptomatic members aged 32-56 years. We present detailed
disease course of the affected family members obtained during follow-up. Clinically, this variant
is associated with variable disease progression, with the time from symptom onset to death
ranging from S to 77 months.

Discussion

The novel SOD1 variant p.Val149Ala in this Lithuanian family causes ALS of variable onset and
course, including a case of early-onset ALS and one case of rapidly progressing ALS, necessi-
tating recognition by the scientific community and development of tailored therapeutic
approaches.

Introduction

Amyotrophic lateral sclerosis (ALS) is a relentlessly progressive neurodegenerative disease. In
2022, the treatment landscape was revolutionized with the development of tofersen, targeting
familial ALS caused by superoxide dismutase 1 (SOD1) gene variants." Despite global preva-
lence, SOD1 pathogenic variants show phenotypic diversity across ethnic groups.” Compre-
hensive evaluation of these variants is challenging, particularly in minor populations such as
Lithuanians.

Here, we present a novel SODI variant NM_000454.5:c.446T>C, NP_000445.1:p.(Val149Ala),
associated with a rapidly progressing form of ALS in a Lithuanian family.
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Methods

Patients Characterization

Clinical data including age at onset, age at diagnosis, time to
diagnosis, time to death, and progression milestones were
collected and analyzed to assess disease progression. In-
formed consent forms to disclose were obtained from all living
patients or, in the case of deceased patients, from their legal
representatives. Genetic risk assessment for family members
was informed by pedigree analysis, and presymptomatic testing
was offered for adult family members.

Genetic Analysis

A targeted gene panel for neurodegenerative diseases was
performed as described” in a proband (II:3). Sanger sequenc-
ing was performed for segregation analysis.

Results

The clinical course of affected family members is summarized
in Table. The p.Vall49Ala variant was associated with early
onset, rapid progression, and severe clinical outcomes.

The diagnosis of ALS in the family members was made
according to the revised El Escorial criteria and met the
definition of Probable ALS, laboratory results supported by
the time diagnosis was made.* We used a combination of
clinical, electrophysiologic, and neuroimaging studies to
confirm the presence of both upper and lower motor neuron
degeneration and to exclude other possible causes of the
observed clinical signs. Notably, all affected family members
presented with lower motor signs (i.e., muscle wasting, at-
rophy, fasciculations, and paresis) in their lower limbs. This
observation aligns with published literature on the onset of
SODI-ALS.?

The targeted gene panel of neurodegenerative diseases
revealed heterozygous variant NM_000454.5:c.446T>C,
NP_000445.1:p.(Val149Ala) in SODI. This variant segre-
gated in the affected members. It has been identified in 4
asymptomatic members of the family (aged 32-56 years)
(Figure). The missense variant replaces valine at codon 149 of
SOD1 (p.Vall49Ala), which is located in a highly conserved
position. Several predictive analysis tools considered this
variant to be deleterious (e.g,, CADD score 29.2). According
to the American College of Medical Genetics and Genomics
(ACMG) guidelines, the criteria for pathogenicity (PM1,
PM2, PP1, PP2, PP3, and PMS) are fulfilled.

Discussion

This study identifies a novel heterozygous variant c.446T>C,
p.-Vall49Ala in the SODI gene within a Lithuanian family,
presenting with a variable onset and course, including one case
of early onset and one case of rapidly progressing ALS. The
variant has not been published in association with ALS pheno-
type nor has it been listed in public databases (gnomAD) and
other sources as ClinVar. However, at the same position, an-
other pathogenic missense variant, c.446T>G, p.Val149Gly, has
been reported several times in the literature in various pop-
ulations (the United States, Turkey, Australia, and
Germany).* "

The clinical progression of ALS in the family members carrying
the p.Vall49Ala variant is notably fast. The time from symptom
onset to diagnosis ranged from 2 to 17 months, and the time from
symptom onset to death ranged from S to 77 months. Such
variability, even among individuals with the same mutation within
one family, is a known feature of SOD1-ALS.® Notably, patient II:
8 exhibited an extraordinarily rapid disease course, passing away
just S months after symptom onset. His death was sudden and

Table Patient Disease Course

Parameter 11:6 11:3 11:8 111:10
Sex Female Female Male Female
Date of birth 1963 1958 1966 1991
Age at onset (y) 51 61 56 33

Age at diagnosis (y) 52 61 56 33
Time to diagnosis (mo) 17 5 3 2

Time to death (mo) 77 29 5 —
Time to Amb/Supp (mo) 49 14 3 —
Time to NIV/IV (mo) 61 26 — —

Symptoms at onset Right leg weakness

Right leg weakness

Right leg weakness Left leg weakness

Patients are listed by symptom onset chronologically; their numbers correspond to the family pedigree in Figure.

Time to Diagnosis - time in months from symptom onset to diagnosis of probable ALS, laboratory results supported, using the revised El Escorial criteria.*
Time to Amb/Supp - time in months from symptom onset to becoming nonambulatory or requiring substantial support. Time to NIV/IV - time in months from
symptom onset to needing noninvasive ventilation or invasive ventilation intermittently or continuously.
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Figure Family Pedigree and Genetic Analysis
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(A) Family pedigree indicating affected and unaffected members with the p.Val149Ala variant; (B) Sanger sequencing traces indicating heterozygous c.446T>C,

p.(Val149Ala).

occurred before the implementation of either noninvasive or
invasive ventilation. In the final weeks of his life, he experienced
progressively worsening nightly dyspnea, without fever or other
systemic symptoms. The patient was scheduled for admission to
an intensive pulmonary unit for long-term treatment with non-
invasive pulmonary ventilation because of his recurrent episodes
of desaturation while in a supine position. However, he opted not
to present at the hospital, citing an improvement in his dyspnea.
He subsequently passed away during the night, and an autopsy
was not performed. Such rapid progression in a male compared
with their female counterparts with the same mutation is con-
sistent with other aggressive SODI variants.""

Given the observed variable progression in affected family
members and the identification of asymptomatic carriers aged
32-56 years, it is plausible that the p.Vall49Ala variant has
high but potentially age-dependent penetrance. This means
that while most carriers will likely develop ALS symptoms at
some point, the age at onset may vary, with some individuals
remaining asymptomatic until later in life. It is noteworthy that
both patients I:1 and I:2 exhibited no signs of motor neuron
disease at the time of their deaths, which occurred at a relatively
advanced age. The mother (patient I:1) died at the age of 61
years from an unknown adrenal disease, while the father (pa-
tient 1:2) died at the age of 71 years from a myocardial in-
farction. In addition, patient III:10 presented with symptoms
early in life and was diagnosed with early-onset ALS (onset <40
her mother (patient II:7)

years), whereas remains
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asymptomatic as of the writing of this article (as ascertained by
clinical examination and serum NfL within normal limits).

The p.Vall49Ala is in a critical region of the SODI1 dimer in-
terface.'” This location is vital for the structural integrity and
functional activity of the SOD1 enzyme. Disruptions in this region
can significantly impair the enzyme’s ability to scavenge super-
oxide radicals, leading to increased oxidative stress and motor
neuron death." Structural models suggest that variants at this site
destabilize the protein, exacerbating the pathogenic process."*

Early identification of the p.Val149Ala variant through genetic
testing is crucial for prompt diagnosis and intervention. Genetic
testing not only helps predict prognosis but also identifies at-
risk family members who may benefit from presymptomatic
monitoring and early therapeutic interventions. Tofersen, an
antisense oligonucleotide targeting SOD1 variants, has shown
promise in clinical trials and provides a potential therapeutic
option for patients with this variant.' Including the p.Val149Ala
variant in treatment protocols like the ATLAS study could
significantly benefit presymptomatic patients."®

Conclusion

In conclusion, the novel SODI variant p.Vall49Ala is asso-
ciated with variable disease course and onset with a case of
rapidly progressing form of ALS and a case of early-onset
(<40 years) ALS in a Lithuanian family. This finding expands

Neurology: Genetics | Volume 10, Number 6 | December 2024

€200217(3)


http://neurology.org/ng

the known spectrum of SODI pathogenic variants and un-
derscores the importance of early genetic diagnosis and tai-

lored therapeutic approaches.

Study Funding

The authors report no targeted funding.

Disclosure

The authors report no relevant disclosures. Go to Neurology.

org/NG for full disclosures.

Publication History

Received by Neurology: Genetics June 21, 2024. Accepted in final form
October 1, 2024. Submitted and externally peer reviewed. The handling

editor was Raymond P. Roos, MD, FAAN.

Appendix Authors

Name Location

Contribution

Domantas
Valancius, MD

Center of Neurology,
Vilnius University

Drafting/revision of the
manuscript for content,
including medical writing
for content; analysis or
interpretation of data

Birute Burnyté, Institute of Biomedical

Drafting/revision of the

PhD Sciences, Faculty of manuscript for content,
Medicine, Vilnius including medical writing
University for content; major role in
the acquisition of data
Raminta Center of Neurology, Major role in the

Masaitiene, MD  Vilnius University

acquisition of data

Ausra Institute of Biomedical Major role in the

Morkuniene, Sciences, Faculty of acquisition of data;

PhD Medicine, Vilnius analysis or interpretation
University of data

Ausra Institute of Biomedical Major role in the

Klimasauskiene, Sciences, Faculty of acquisition of data; study

MD, PhD Medicine, Vilnius University concept or design

Neurology: Genetics

| Volume 10, Number 6 |

December 2024

€200217(4)

References

1.

12.

13.

14.

1S.

Miller TM, Cudkowicz ME, Genge A, et al. Trial of antisense oligonucleotide
tofersen for SOD1 ALS. N Engl ] Med. 2022;387(12):1099-1110. doi:10.1056/
nejmoa220470S

Andersen PM, Al-Chalabi A. Clinical genetics of amyotrophic lateral sclerosis: what
do we really know? Nat Rev Neurol. 2011;7(11):603-615. doi:10.1038/
nrneurol.2011.150

Siavriené E, Petraitytée G, Burnyté B, et al. Compound heterozygous ¢.598_612del
and ¢.1746-20C>G CAPN3 genotype cause autosomal recessive limb-girdle muscular
dystrophy-1: a case report. BMC Musculoskelet Disord. 2021;22(1):1020. doi:
10.1186/512891-021-04920-3

Brooks BR, Miller RG, Swash M, Munsat TL, World Federation of Neurology
Research Group on Motor Neuron Diseases. El Escorial revisited: revised
criteria for the diagnosis of amyotrophic lateral sclerosis. Amyotroph Lateral
Scler  Other Mot Disord.  2000;1(5):293-299.  doi:10.1080/
146608200300079536

Opie-Martin S, Iacoangeli A, Topp SD, et al. The SOD1-mediated ALS phenotype
shows a decoupling between age of symptom onset and disease duration. Nat Com-
mun. 2022;13(1):6901. doi:10.1038/s41467-022-34620-y

McCann EP, Williams KL, Fifita JA, et al. The genotype—phenotype landscape of
familial amyotrophic lateral sclerosis in Australia. Clin Genet. 2017;92(3):259-266.
doi:10.1111/cge.12973

Giess R, Holtmann B, Braga M, et al. Early onset of severe familial amyotrophic
lateral sclerosis with a SOD-1 mutation: potential impact of CNTF as a candi-
date modifier gene. Am ] Hum Genet. 2002;70(5):1277-1286. doi:10.1086/
340427

Ozoguz A, Uyan O, Birdal G, et al. The distinct genetic pattern of ALS in Turkey and
novel mutations HHS Public Access. Neurobiol Aging. 2015;36(4):1764-1773. doi:
10.1016/j.neurobiolaging

Fujisawa T, Homma K, Yamaguchi N, et al. A novel monoclonal antibody

Neuron

reveals a conformational alteration shared by amyotrophic lateral sclerosis-
linked SOD1 mutants. Ann Neurol. 2012;72(5):739-749. doi:10.1002/
ana.23668

Broom HR, Rumfeldt JAO, Vassall KA, Meiering EM. Destabilization of the
dimer interface is a common consequence of diverse ALS-associated mutations
in metal free SODI. Protein Sci. 2015;24(12):2081-2089. doi:10.1002/
pro.2803

Tang L, Ma Y, Liu XL, Chen L, Fan DS. Better survival in female SOD1-mutant
patients with ALS: a study of SOD1-related natural history. Transl Neurodegener.
2019;8(1):2. doi:10.1186/s40035-018-0142-8

Das A, Plotkin SS. Mechanical probes of SOD1 predict systematic trends in metal and
dimer affinity of ALS-associated mutants. ] Mol Biol. 2013;425(5):850-874. doi:
10.1016/j.jmb.2012.12.022

Cassina P, Cassina A, Pehar M, et al. Mitochondrial dysfunction in SOD1G93A-
bearing astrocytes promotes motor neuron degeneration: prevention by
mitochondrial-targeted antioxidants. J Neurosci. 2008;28(16):4115-4122. doi:
10.1523/JNEUROSCI.5308-07.2008

Roberts BR, Tainer JA, Getzoff ED, et al. Structural characterization of zinc-deficient
human superoxide dismutase and implications for ALS. ] Mol Biol. 2007;373(4):
877-890. doi:10.1016/.jmb.2007.07.043

Benatar M, Wuu J, Andersen PM, et al. Design of a randomized, placebo-controlled,
phase 3 trial of tofersen initiated in clinically presymptomatic SOD1 variant carriers:
the ATLAS Study. Neurotherapeutics. 2022;19(4):1248-1258. doi:10.1007/s13311-
022-01237-4

Neurology.org/NG


https://ng.neurology.org/content/0/0/e200217/tab-article-info
https://ng.neurology.org/content/0/0/e200217/tab-article-info
http://neurology.org/ng

