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Abstract
Dominant mutations in serine palmitoyltransferase long chain base subunit 1 (SPTLC1), a
known cause of hereditary sensory autonomic neuropathy type 1 (HSAN1), are a recently
identified cause of juvenile amyotrophic lateral sclerosis (JALS) with slow progression. We
present a case of SPTLC1-associated JALS followed for 30 years. She was initially evaluated at
age 22 years for upper extremity weakness. She experienced gradual decline in muscle
strength with development of weakness and hyperreflexia in lower extremities and diffuse
fasciculations in the upper extremities at 26 years. She lost independent ambulation at age
45 years. Pulmonary function declined from a forced vital capacity of 94% predicted at
27 years to 49% predicted at 47 years, and she was hospitalized twice for respiratory failure.
To our knowledge, this is the longest documented follow-up period of JALS caused by a de
novo pathogenic variant in SPTLC1.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder of upper
and lowermotor neurons in the central nervous system resulting in decreasedmotor function
[1]. Most cases of ALS are sporadic with onset of symptoms around age 60 years. Familial ALS
accounts for approximately 10% of cases; they have a slightly younger mean age at onset of
symptoms (40–60 years) [1, 2].

Juvenile ALS (JALS) is a rare form of ALS defined by age at onset of less than 25 years, with
a genetic cause identified in at least 40% of cases [3, 4]. The most common genes associated
with JALS include Fused in Sarcoma (FUS), Senataxin (SETX), and ALS2/Alsin [4]. There are at
least twelve additional JALS genes, including serine palmitoyltransferase long chain base
subunit 1 (SPTLC1) [3, 4]. SPTLC1 and SPTLC2 encode subunits of serine palmitoyl transferase
(SPT) [5], which catalyzes the rate-limiting step in sphingolipid biosynthesis [5, 6].

SPTLC1 is the known genetic cause of hereditary sensory autonomic neuropathy type 1
(HSAN1) [7]. Surprisingly, several mutations in exon 2 of SPTLC1 were recognized as a cause
of JALS in 2021 [5, 8]. In reported cases, the age of onset was 3–16 years of age [3, 5, 8] and
most cases had a follow-up period from 5 to 24 years. Patients typically present with
spasticity or weakness of the lower extremities [5, 8] followed by progressive weakness that
can include respiratory or bulbar muscles [5, 8].

We describe a case of JALS due to a de novo pathogenic SPTLC1 variant who was followed for
30 years at a single academic center, adding to our understanding of the clinical course and
phenotypic spectrum of this rare disease. The CARE checklist has been completed by the authors
for this case report, attached as online supplementary material (for all online suppl. material, see
https://doi.org/10.1159/000530974).

Case Report

A 22-year-old female presented to the neuromuscular clinic with upper extremity
weakness resulting in difficulty lifting objects overhead. In retrospect, she and her parents
felt she had normal strength through at least 18 years of age, with subsequent insidious
development of arm weakness. She was otherwise healthy, and she had no family history of
weakness. Her physical exam at age 22 showedmarkedwasting of arms, significant proximal >
distal muscle weakness in her upper extremities, and near-normal strength in the legs. Deep
tendon reflexes were absent in her arms and 3+ in the legs. Sensory examination was normal.
Nerve conduction studies were normal in both upper and lower limbs. Electromyography
showed diffuse fibrillation potentials and p waves in the upper and lower extremities,
indicative of a chronic motor neuron disease. Deltoid muscle biopsy showed marked type
1 fiber predominance and large groups of angular atrophic fibers interspersed with normal-
sized muscle fibers (Fig. 1). The fiber type predominance was interpreted as reinnervation
fiber type grouping that is skewed toward type I fibers, and rare myonecrosis was considered
a secondary myopathic feature. A C-spine MRI showed a segmentation anomaly at T1–T2, but
the spinal cordwas normal. Based on these findings, she was given the presumptive diagnosis
of late onset spinal muscular atrophy (SMA).

Over the next 4 years, weakness progressed to involve both upper and lower extremities, and
she developed fasciculations in bilateral arms and tongue, a subtle waddling gait and persistent
hyperreflexia (3–4+) in her lower extremities. Diagnostic and carrier testing for SMAwere normal.
Forced vital capacity (FVC) was normal (serial testing is summarized in Fig. 2). She began to use a
manual wheelchair for long distances at age 34 years, and at 36 years she was having difficulty
with activities of daily living, such as bathing herself and driving. New findings on examination
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included mild facial weakness and dysarthria. EMG/NCV studies were unchanged and remained
consistent with a motor neuron disease. She developed increased work of breathing with use of
accessory respiratory muscles and a weak cough when evaluated at age 39 years. Following
referral to a pulmonologist, the use of cough assist was started.

She was hospitalized locally for hypercapnia due to respiratory insufficiency at age
44 years. She was initially placed on nocturnal continuous positive air pressure and later
switched to bi-level positive airway pressure and daily use of cough assist. One year later, she
was hospitalized for 9 days for hypoxemic hypercapnic respiratory failure. She was placed on
an average volume assured pressure support system at night and later that year daytime
mouthpiece ventilation was added.

She started to experience short-term anterograde memory loss following her first
hospitalization. Neuropsychiatric testing at age 44 years showed moderate focal impairment
felt secondary to recurrent hypercapnia episodes and a progressive syndrome was not
suspected. C9orf72 genetic testing was normal.

She lost independent ambulation at age 45 years and required increased daytime use of the
mouthpiece ventilation. At her most recent follow-up at age 51 years, she was no longer able to
lift her hand to her mouth to feed herself but she could take steps in the house with use of a
walker. She continued to use noninvasive ventilation at night and frequently during the day.
Muscle strength testing was mostly unchanged; she lacked antigravity strength in nearly all
upper extremity muscle groups, while in lower extremities she had at least antigravity strength,
and quadriceps and hamstrings had normal strength on manual muscle testing. Tongue atrophy
was not observed, and all other physical exam findingswere unchanged compared to prior visits.

a b c

Fig. 1. Pathological findings from left deltoid muscle biopsy at age 22 years. Groups of angular atrophic fibers
(black arrows in panels a and c) are interspersed with normally sized to mildly hypertrophic muscle
fibers. The slow myosin immunostaining (panel b) is roughly equivalent to ATPase at pH 4.3 and stains
positive for type 1 muscle fibers (slow twitch). Type 1 muscle fibers are negative on fast myosin
immunostaining (see, for example, muscle fibers 1a, 1b, 1c, and 1d in panel c). The fast myosin
immunostaining (panel c) is roughly equivalent to ATPase at pH 9.4 and it stains positive for type 2
muscle fibers (fast twitch). Type 2 muscle fibers are negative on slow myosin immunostaining (see, for
example, most of the angulated atrophic fibers in panel b). Widely scattered fibers are undergoing
myonecrosis/myophagocytosis (white arrow in panel a).
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Extensive genetic and biochemical testing was normal over the years of follow-up. In
2021 when she was 49 years old, research-based genetic testing on the patient and her
parents through the Inherited Neuropathy Consortium using the GENESIS platform [9]
identified a previously reported de novo pathogenic variant c.115_117del (chr9:
94874785_94874787del, p. Leu39del) in SPTLC1 that was confirmed through commercial
diagnostic laboratory testing (Invitae).

Discussion

We describe a 51-year-old female with early onset alS due to a c.115_117del variant of
SPTLC1who has been followed for 30 years. This is a recurring mutation; at least 7 additional
cases from 4 families with JALS have been reported with this SPTLC1 variant [5, 8]. There is
striking phenotypic variation among the individuals with this genotype, summarized in
Table 1. Our case was older at presentation than the other cases (22 years vs. 3–16 years of
age), and the patient reported here is currently older than any of those reported. While most
previously reported cases started with lower extremity weakness or abnormal gait, our
patient presented with upper extremity weakness [5, 8]. Loss of ambulation occurred as early
as age 10 years in reported cases, while one individual was walking short distances at
34 years of age (case 7, Table 1). Our patient did not lose the ability to walk without assistance
until age 45 years. Respiratory involvement is rare among those reported with this variant,
although it has been seen in patients with other SPTLC1 genotypes. The patient reported here
had her first abnormal FVC measured at age 39 years. All previously reported cases with the
same genotype were younger than 39 years, and only one had low FVC. It is of interest that
case 7 in Table 1, with a phenotype most similar to the present case, took Riluzole starting at
age 15 years [5].

Fig. 2. Forced vital capacity by age. Not plotted here are the mean inspiratory andmean expiratory pressures.
At age 45 years, for example, these pressures were 26 cm H20 and 27 cm H20, respectively.
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Pathogenic variants in SPTLC1 also cause HSAN1, an autosomal dominant disorder that
presents in teens through adulthoodwith sensory loss [7]. SPTLC1 variants associatedwith JALS are
clustered in the second exon [10], while those associated with neuropathy are more broadly
distributed [6]. A severe childhoodHSAN1phenotypewith systemic features such as growth failure,
intellectual disability, and cataracts has been associated with missense variants affecting serine
331 [11]; case 3 reported by Johnson et al. [8] as JALS-Plus (p.Ser331Tyr) likely has this phenotype.

SPTLC1-associated JALS and HSAN1 are biochemically distinct. Variants associatedwith JALS
have a sphingolipid signature of increased sphinganine and circulating ceramide and normal
deoxy sphingolipid levels, while thosewithHSAN1 show increased deoxy sphingolipid levels [10].
Importantly, L-serine, which is used for the treatment of HSAN1, has been shown to exacerbate the
biochemical phenotype associatedwith JALS variants due to their differences in the impact on the
SMT metabolic pathway [5]. New therapeutics such as siRNA targeting ALS mutant allele mRNA
to normalize sphingolipid levels are a potential treatment approach for this disease [12].

Like the present case, most SPTLC1-associated JALS cases that included parental genetic
testing are de novo variants. An exception that remains unexplained is autosomal dominant
inheritance from a father who had an HSAN1 phenotype [5]. Our case, which is one of the
longest documented follow-ups of JALS due to a de novo pathogenic SPTLC1 variant, adds to
our understanding of the clinical course and phenotypic spectrum of this rare disease.
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Table 1. Clinical features in current and reported cases of juvenile amyotrophic lateral sclerosis due to
SPTL1C variant c.115_117del, p.(Leu39del)

Case name listed
in literature
[reference
number]

Age at
report,
years

Sex Age at onset or
presentation,
years

Initial symptom Age at loss of
ambulation,
years

Respiratory
insufficiency

Current case 51 F 22 Arm weakness 45 +

Patient 5 [5] 13 M 3 Falls 10 –

Patient 4 [5] 28 M 8 Toe walking 17 +*

Patient II-1 [5] 27 F 16 Upper extremity
discoordination

19 –

Patient II-2 [5] 25 F 14 Abnormal gait 23 –

Patient II-3 [5] 21 M 10 Abnormal gait 14 –

Patient II-4 [5] 19 F 6 Abnormal gait 13 –

Case 4 [8] 34 F 15 Arm and leg weakness – –

*FVC abnormal, but no support needed.
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