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Abstract
Spastic paraplegia type 3A (SPG3A) is the second most common form of hereditary spastic paraplegia (HSP). This autoso-
mal-dominant-inherited motor disorder is caused by heterozygous variants in the ATL1 gene which usually presents as a pure 
childhood-onset spastic paraplegia. Affected individuals present muscle weakness and spasticity in the lower limbs, with 
symptom onset in the first decade of life. Individuals with SPG3A typically present a slow progression and remain ambula-
tory throughout their life. Here we report three unrelated individuals presenting with very-early-onset (before 7 months) 
complex, and severe HSP phenotypes (axial hypotonia, spastic quadriplegia, dystonia, seizures and intellectual disability). 
For 2 of the 3 patients, these phenotypes led to the initial diagnosis of cerebral palsy (CP). These individuals carried novel 
ATL1 pathogenic variants (a de novo ATL1 missense p.(Lys406Glu), a homozygous frameshift p.(Arg403Glufs*3) and a 
homozygous missense variant (p.Tyr367His)). The parents carrying the heterozygous frameshift and missense variants were 
asymptomatic. Through these observations, we increase the knowledge on genotype–phenotype correlations in SPG3A and 
offer additional proof for possible autosomal recessive forms of SPG3A, while raising awareness on these exceptional phe-
notypes. Their ability to mimic CP also implies that genetic testing should be considered for patients with atypical forms of 
CP, given the implications for genetic counseling.
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Introduction

Hereditary spastic paraplegias (HSP) are a clinically and 
genetically heterogeneous group of neurodegenerative dis-
eases characterized by the common hallmark of progressive 
spasticity and weakness of the lower limbs [1]. More than 
80 spastic paraplegia genes (SPG) have been identified over 
the last decades for which autosomal dominant, recessive, 
X-linked and mitochondrial modes of transmissions have 
been reported [2]. Among them, SPG3A [MIM:182600] 
is the second most frequent autosomal dominant HSP, and 
the most frequent form of early-onset autosomal dominant 
HSP [3, 4]. SPG3A is usually caused by heterozygous mis-
sense variants in the ATL1 gene which encodes the atlastin 
protein, generating a dominant-negative effect [5, 6]. This 
GTPase is mainly expressed in brain tissues, is located in the 
Golgi apparatus and the endoplasmic reticulum, and inter-
acts with spastin and mitogen-activated protein kinase 4 
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[7]. It is involved in endoplasmic reticulum tubular network 
biogenesis and axonal maintenance [8]. SPG3A is charac-
terized by an early age of onset, typically before the end of 
the first decade, with a mean age at first symptoms of 4.6 
years, and presents with a “pure” phenotype, meaning that 
other neurological syndromes such as cerebellar ataxia or 
developmental delay are normally not observed [3]. Gait 
instability and lower limbs stiffness usually appear first, with 
a slow progression, allowing most patients to maintain an 
independent ambulation throughout their life.

Besides this historical phenotype, rare reports have been 
made of SPG3A patients with complex phenotypes which 
included neuropathy, cognitive impairment, dysphagia, 
dysarthria or limb amyotrophy [9, 10]. Few articles have 
also reported patients carrying biallelic ATL1 variants who 
presented with an earlier and more severe phenotype, while 
heterozygous parents were asymptomatic, raising the ques-
tion of possible autosomal recessive forms of SPG3A [11, 
12]. Additional reports are however needed to sustain this 
statement.

Here, we report three children with very early onset, 
complex and severe phenotypes who started displaying 
symptoms in their first months of life. We discuss a possible 
increase in knowledge on genotype–phenotype correlations 
in SPG3A, extend SPG3A’s phenotype, and offer additional 
proof for possible autosomal recessive forms of SPG3A.

Methods

Patient’s 1 variant was identified through exome sequencing, 
performed as detailed in previous publications [13]. Fol-
lowing this identification, a call for collaboration and data 
sharing was initiated in France through the AnDDI-Rares 
network and the national network of expert centers for neu-
rogenetic disorders, and in Europe though the European Ref-
erence Network ITHACA. The AnDDI-Rares collaboration 
call identified patient 2 and the ITHACA collaboration call 
patient 3, both diagnosed by gene panel sequencing. Within 
the ninety-six patients with confirmed pathogenic ATL1 vari-
ants in the French neurogenetic databases, none had a severe 
phenotype evidenced in the first year of life.

Results

Patient 1

The first patient was a 6-year-old male referred to our center 
regarding spastic quadriplegia, dystonic movements and 
axial hypotonia. He was the first born of healthy unrelated 
parents. After an uneventful pregnancy, he was delivered at 
full-term without any complications. Birth measurements 

and APGAR scores were within norms. Examination at birth 
revealed axial hypotonia.

At 3 months, he started presenting progressive hypertonia 
of the four limbs and could not hold his head. Just before 
2 years, he started presenting dystonia of his four limbs 
for which L-Dopa was administered, without significant 
improvement. Clinical examination also revealed impaired 
gross motor skills with difficult prehension, inability to 
hold his head and to sit alone. At 8 years, he still could not 
hold his head, roll over, sit or walk unaided. He presented 
several musculoskeletal deformities which included asym-
metric equinovarus, kyphosis, scoliosis and hip dislocation. 
Limb spasticity altered his fine hand movements and gener-
ated a typical flexion of elbows and wrists. Due to chewing 
difficulties, he was only fed on soft food. Facial hypotonia 
generated drooling and made speech impossible. He could 
however communicate through augmentative and alterna-
tive communication (AAC). He was wheelchair-bound and 
could operate his power wheelchair himself with head array. 
This ability to communicate through AAC and to steer his 
wheelchair, added to the fact that he could read small sen-
tences and do simple math, contrasted dramatically with his 
impaired motor development. Brain MRI at 3 years found 
a temporal subarachnoid cyst with mild and diffuse parietal 
white matter T2 hyperintensities.

This clinical presentation led to the initial diagnosis 
of cerebral palsy (CP). However, over the years the lack 
of congruent medical history and brain MRI abnormali-
ties evocative of CP motivated additional tests. Biological 
investigations including lactate, thyroid hormone, plasmatic 
amino acid chromatography and urinalysis were normal. 
Cerebrospinal fluid analyses (protein, cells, glucose, neuro-
transmitters) were also normal. Array-CGH and a targeted 
panel sequencing of 450 genes associated with intellectual 
disability failed to identify any pathogenic variant. Exome 
sequencing revealed a heterozygous de novo ATL1 variant 
(NM_015915.4.c:1216A > G; p.Lys406Glu). This mis-
sense was absent from general population databases (gno-
mAD v3.1.2) and presented in silico scores in favor of its 
pathogenicity (CADD5: 21.9; PolyPhen-: 0.68–0.79; GERP: 
5.46; grantham: 56, misZ: 2.809). It affected an amino acid 
residue located in the 3HB domain of the ATL1 protein. 
According to the ACMG classification, this missense was 
classified as pathogenic (PS2, PM1, PM2, PM5, PP3, PP5).

Patient 2

The second patient was a 7-year-old male who presented 
with severe spastic paraplegia and intellectual disability. He 
was the first child of a related couple from Turkey (parents 
were first cousins). He was born full-term with APGAR 
scores of 2/8, due to circular cord. Birth weight and height 
were normal but head circumference was below the 10th 
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percentile (32.5 cm). Examination at birth was marked with 
axial hypotonia. At 9 months, he presented a generalized 
tonic–clonic seizure requiring antiepileptic drugs (sodium 
valproate). Neurological examination revealed lower limb 
spasticity, in addition to the already observed axial hypo-
tonia. Upon clinical follow-up at 2 years, head control had 
been acquired but he could not sit or stand and presented 
language delay with absent speech. Lower limbs spastic-
ity worsened resulting in spastic diplegia. At 4 years head 
circumference was below the 3rd percentile, sitting was still 
unsteady, and walking was only possible for a few steps with 
human help. He could say a few words but could not asso-
ciate them. Dysarthria due to facial hypotonia was noted, 
along with mild swallowing impairment. At 7 years, he pre-
sented severe spastic diplegia. Upper limbs did not show 
spasticity but the patient had impaired fine hand movements. 
Clinical assessment of his functional abilities was in favor of 
a moderate intellectual disability requiring institutionaliza-
tion in a center dedicated for disabled children.

Similarly to patient 1, this individual was first diagnosed 
with CP until follow-up in an expert center and the lack 
of congruent brain MRI abnormalities motivated further 
tests. Indeed, brain MRI at 5 years revealed white matter 
T2 hyperintensities evocative of myelination delay (Fig. 1). 
Laboratory exams including blood and urinary tests were 
normal. A targeted panel sequencing of HSP genes was done 
and revealed a novel homozygous ATL1 frameshift variant 
(NM_015915.4:c.1207del; p.Arg403Glufs*3, exon 12/14). 
This variant most likely activates the nonsense-mediated 
mRNA decay surveillance pathway, thus resulting in the 
absence of the atlastin protein. According to the ACMG 
classification, this variant was classified as pathogenic 
(PVS1, PP5, PM2). Familial segregation revealed that both 
parents were asymptomatic heterozygous carriers.

Patient 3

This third patient was a 10-year-old male who started dis-
playing global hypotonia at the age of 3 months, followed by 

spasticity of the four limbs at the age of 7 months. Follow-up 
confirmed the phenotype of spastic tetraplegia, secondar-
ily associated with global developmental delay, as he never 
acquired the ability to sit, walk, or talk. Upon last follow-up, 
he could only utter isolated words. Brain MRI performed at 
the age of 2 years was normal. Similarly to previous patients, 
he also presented with swallowing problems and dysarthria. 
A panel of genes associated with HSP was sequenced and 
revealed a homozygous missense variation within exon 11 
of the ATL1 gene (c.1099T > C; (p.Tyr367His). Familial 
segregation revealed both parents, who were not related but 
originated from the same small village, were asymptomatic 
heterozygous carriers. Here again in silico scores pleaded in 
favor of the variant’s pathogenicity and the variant impacted 
a highly conserved amino acid, within the 3HB domain. 
However, the fact that the parents were asymptomatic het-
erozygous carriers, evocative of the rarely described and 
poorly known autosomal recessive mode of inheritance, 
led to the variation being classified as of “unknown signifi-
cance” according to the ACMG criteria.

Discussion

We report 3 unrelated patients presenting with neonatal, 
complex and severe phenotypes of SPG3A. Their very early 
age of onset, the severity and the wide range of symptoms 
they presented clearly contrasted with the usual phenotype 
of SPG3A patients. Two of the 3 patients (patients 2 & 3) 
even presented with confirmed intellectual disability, inde-
pendently from their motor impairment. All patients pre-
sented the striking sequence of an initial axial hypotonia, 
secondarily associated with progressive limb spasticity. 
This feature has, to our knowledge, never been reported in 
SPG3A and is also unusual in childhood or adult-onset HSP. 
It may thus represent an extension of SPG3A’s phenotype, 
only observed in neonatal forms.

Such severe presentations are extremely rare in SPG3A 
as only 5 reports have been made of individuals with such 

Fig. 1  Patient 2’s brain MRI at the age of 5. Notice the posterior T2 white matter hyperintensities evocative of myelination delay (white circles)
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early (first symptoms before 6 months of age), severe and 
complex phenotypes [9, 10, 14, 15] (Table 1). These indi-
viduals presented phenotypes very congruent to the ones of 
our patients with severe spastic tetraplegia, but also difficul-
ties in swallowing, chewing or speaking (Table 1).

Over the years, no clear genotype/phenotype correlation 
has been demonstrated in SPG3A. It is however noteworthy 
that these severe and early-onset phenotypes have been par-
ticularly associated with missense variants within the 3HB 
domain (between the 347th and 432nd amino acids) and the 
linker region [16]. Three-dimensional structural studies of 
large SPG3A cohorts have shown that these clusters may be 
explained by the importance of some specific amino acids 
in the protein’s ability to form monomers [17]. Indeed atlas-
tin-1 functions by forming tetrameric complexes and forma-
tion of heterocomplexes between normal and abnormal atlas-
tin-1 may interfere with tetramer activity [8]. In this process, 
some residues carry a more critical role in the crossover 
dimerization, and may thus impact more significantly the 
protein’s function when altered by a variation.

Our report reinforces these observations, espe-
cially patients 1 and 3 whose variants (p.Lys406Glu, 
(p.Tyr367His)) were missense variants located in the 3HB 
domain, very close to the previously reported p.Met408Thr 
and p.Gly409Asp variants of other early-onset forms.

Regarding patient 2, he harbored a homozygous 
frameshift variant (p.Arg403Glufs*3). Very few reports have 
been made of patients with biallelic ALT1 variants [11, 12] 
and even fewer of loss-of-function variants [18]. Willkomm 
et al. described such a case: an Arabic consanguineous fam-
ily in which three of the six siblings had HSP [12]. The 
three brothers were homozygous for a truncating ATL1 
variant (p.Arg217*). First symptoms occurred between 18 
months and 5 years of age with lower limb spasticity. They 
had learning difficulties and slow speech. In this family, het-
erozygous carriers were asymptomatic, as observed in our 
patients’ families. Frameshift and stop-gain variants result 
in mRNAs harboring a premature termination codon, lead-
ing to their degradation via the NMD system. Consequently, 
individuals carrying biallelic ATL1 truncating variants such 
as patient 2 most likely present a complete lack of atlastin-1 
protein, thus explaining their very severe, early onset and 
complex phenotypes. On the other hand, individuals with a 
heterozygous truncating variant do not produce any abnor-
mal atlastin-1 protein. The atlastin-1 protein produced from 
their normal allele is indeed functional and can dimerize 
correctly, most likely explaining why such individuals are 
asymptomatic, and why SPG3A presents as an autosomal 
recessive disorder in such cases.

The mechanisms that explain why some missense vari-
ants are only pathogenic at the heterozygous state is however 
more elusive. Beyond the 2 patients we report here (1 and 
3), Khan et al. reported a consanguineous Pakistani family 

in which six males carried a homozygous ATL1 missense 
variant (p.Arg118Gln) who had a pure HSP with an onset 
before 2 years of age. Altogether these observations, support 
the statement that missense variants may also be associated 
with autosomal recessive forms of SPG3A.

Finally, it is worthy to note that patients 1 and 2 were 
both temporarily diagnosed with Cerebral Palsy (CP). The 
diagnosis of CP may be made challenging by its wide and 
heterogenous range of clinical manifestations which includes 
spastic diplegia, and developmental delay. Numerous genetic 
disorders, including HSP, may thus mimic CP, especially 
because a normal brain MRI does not necessarily rule out 
CP [19–21]. Yet, identification of a genetic, hereditary dis-
order is critical to offer adequate care, follow-up and genetic 
counseling. In the case of our patients, investigations were 
continued because their medical history lacked perinatal 
brain injury, and because brain MRIs showed abnormalities 
inconsistent with what is normally observed in CP (namely 
basal ganglia T2 FLAIR hyperintensities in the acute phase, 
and signs of Wallerian degeneration with cortical atrophy at 
the chronic stage).

In conclusion, we report here the cases of 3 patients 
with severe forms of early-onset SPG3A, offering detailed 
descriptions of this poorly known phenotype made of neo-
natal hypotonia, secondary limbs spasticity (spastic para or 
tetraplegia), developmental delay, speech and swallowing 
problems. We also show that these patients may present T2 
white matter hyperintensities evocative of myelination delay. 
We finally provide knowledge on the molecular insights of 
biallelic variants, genotype/phenotype correlations and 
further evidence for an autosomal recessive form of ATL1-
related HSP.
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