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Abstract
Introduction  An increasing number of cases of comorbid hereditary spastic paraplegia (HSP) and multiple sclerosis (MS) 
have been described. We report a patient with the SPG3A form of HSP and features of relapsing-remitting MS (RRMS). We 
took this opportunity to review the current literature of co-occurring MS and HSP.
Method  The patient underwent clinical, laboratory and neuroimaging evaluations. We performed a literature search for cases 
of HSP and MS. The 2017 McDonalds Criteria for MS were retrospectively applied to the selected cases.
Results  A 34-year-old woman, presenting a molecular diagnosis of SPG3A, complained subacute sensory-motor symptoms. 
Spinal MRI disclosed T2-hyperintense lesions at C2, T6 and T4 level, the latter presenting contrast-enhancement. CSF 
analysis showed oligoclonal bands. She was treated with intravenous high-dose steroids, with symptom resolution. The 
literature review yielded 13 papers reporting 20 possible cases of MS and HSP. Nine patients (5 M, median age 34) met the 
2017 McDonald criteria. Five (25%) received a diagnosis of RRMS and four (20%) of primary progressive MS. Brain MRI 
showed multiple WM lesions, mostly periventricular. Six of seven cases (85.7%) had spinal cord involvement. Oligoclonal 
bands were found in 6/8 (75%) patients. Seven patients (77.7%) improved/stabilized on immunotherapy.
Conclusion  This is the first description on the association between SPG3A type of HSP and MS. This report adds to the other 
reported cases of co-occurring HSPs and MS. Although it remains unclear if this association is casual or causal, clinicians 
should be aware that an HSP diagnosis does not always exclude a concomitant MS.
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Introduction

Hereditary spastic paraplegia (HSP) is a group of clinically 
and genetically heterogeneous disorders that share the pri-
mary feature of a progressive lower extremity weakness and 
spasticity [1]. Multiple sclerosis (MS) is an autoimmune 

disease of the central nervous system characterized by 
inflammatory demyelination [2]. Despite differences in 
the underlying pathogenetic mechanisms, HSP shares with 
multiple sclerosis (MS), particularly its primary progres-
sive (PPMS) variant, some clinical features, including the 
progressive degeneration of the corticospinal tracts. Fewer 
studies investigated the association between gene variants 
in HSP-associated genes and MS outcome [3–5] with vari-
able results. Conversely, increasing cases of co-occurrence 
of HSP and MS, both the relapsing-remitting (RRMS) and 
the PPMS variants, in the same patient or in the same family, 
have been described [4, 6–18]. Here, we report a new HSP 
patient harbouring a pathogenic mutation in ATL1/SPG3 and 
presenting RRMS. We also reviewed the current literature 
of co-occurring MS and HSP.
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Methods

We searched PubMed and Scopus for articles published up 
to February 2022. We used the search terms: (“hereditary 
spastic paraparesis”) OR (“hereditary spastic paraplegia*”) 
AND (“multiple sclerosis”), restricting the search to stud-
ies published in English. Bibliographies were examined 
manually for further eligible articles. Duplicate cases were 
identified whenever possible and, in overlapping cohort 
cases, only the larger was included. The results were 
screened independently by two reviewers (GR and MPG) 
who reached a consensus on potentially eligible articles. 
Extracted data were reported in a predefined form including 
sex, age at evaluation, gene mutation and inheritance pat-
tern, age at onset, clinical features, neuroimaging and CSF 
findings, immunotherapy and outcome. The 2017 McDon-
alds Criteria for MS [19] were retrospectively applied inde-
pendently by two reviewers (GR and MPG) to the selected 
cases.

Results

Case report

We describe the case of a 34-year-old woman present-
ing HSP due to a pathogenic mutation in the ATL1 gene 
(SPG3A form). Her first symptoms appeared at the age 
of 3 with progressive rigidity of the legs and gait impair-
ment. The mother and the maternal grandfather, uncle 
and aunt complained of the same symptoms since a young 
age. At the age of 28, molecular analysis revealed a het-
erozygous c.715C>T (p.R239C) variant in ATL1 [20]. At 
that time, the neurological examination revealed moderate 
spasticity with spastic gait. A spinal MRI only disclosed 
a small meningioma at level C6–C7 without significant 
compression. Brain MRI and electromyography were 
normal.

During the following years, the spastic paraparesis slowly 
progressed.

A follow-up brain MRI at the age of 34 disclosed some 
supratentorial small white matter changes, hyperintense on 
T2/FLAIR images without contrast-enhancement, some 
of these showing a mild diffusion restriction (Fig. 1A, 
B, C, D), not associated with specific symptoms. Two 
months later, the patient experienced sudden onset of 
reduced tactile sensation, tingling paraesthesia and dys-
esthesia, initially confined to her left foot, then spread-
ing to the contralateral limb and ascending just below her 
breasts. This was associated with a worsening of the gait 
impairment. Spinal MRI disclosed a contrast-enhancing, 

T2-hyperintense lesion involving the dorsal midline part of 
the spinal cord, at T4 level (Fig. 1E, F, G, H). Furthermore, 
T2 hyperintense lesions without contrast-enhancement 
were observed at C2 and T6 level. CSF analysis showed 
mild leucocytosis (19 cells/mmc), increased IgG (10.4 mg/
dl; cut-off < 3.4 mg/dl), abnormal IgG index (3.57; cut-off: 
0.66) and oligoclonal bands. Infections were excluded, and 
autoimmunity panels were negative, including anti-AQP4 
and anti-MOG antibodies. A MS diagnosis was made, and 
the patient was treated with intravenous high-dose steroids, 
with gradual symptom resolution. MRI performed after 
6 months showed an improvement of the spinal lesions 
(Fig. 1M, N). No more attacks occurred during a 2-year 
follow-up.

The mother of the patient, carrying the same ATL1 muta-
tion and affected by a pure spastic paraplegia since her child-
hood, did not disclose white matter lesions at brain MRI.

Literature review

Overall, 13 papers were selected (Fig. 2), and 20 possible 
cases of MS and HSP were identified (Table 1) [6–18]. 
These included 6 (30%) cases with reported RRMS, 6 
(30%) with reported PPMS, one (5%) reported as CIS, 
one patient with MRI criteria of dissemination in space 
and one without MS diagnosis. In the remaining cases, 
the MS course was not reported. For 8 (40%) cases, there 
were not enough data to achieve the diagnosis, whereas 
one case did not meet the criteria for MS. Nine patients 
(5 M, 4 F, median age 34 years, range 10–49) met the 
2017 McDonald criteria for MS [19] and were included 
in the analysis. Five (25%) received a diagnosis of RRMS 
and four (20%) of PPMS. HSP-associated mutations were 
found in SPG4/SPAST in 3 cases, SPG2/PLP1 in further 
3, SPG11/KIAA1840 in 2 and SPG7 in one individual. 
Brain MRI was available in all cases, showing the pres-
ence of multiple WM lesions, mostly periventricular. The 
administration of gadolinium was reported in 5 cases and 
contrast enhancement demonstrated in 4 (80%). Spinal 
cord involvement was assessed in 7 cases, demonstrating 
the presence of single or multiple lesions in 6 (85.7%). 
Oligoclonal band presence was reported in 6 (75%) of the 
8 cases for which CSF analysis was available. All cases 
underwent immune treatment, including iv methylpred-
nisolone (IVMP) during the acute phase in 8 cases and 
disease-modifying therapies (DMTs), such as interferon 
1 beta, teriflunomide (TFN), dimethyl fumarate (DMF), 
natalizumab (NTZ) or rituximab (RTX) in 5 cases. Seven 
patients (77.7%) improved or stabilized on immunother-
apy, whereas two, treated only with steroids, showed no 
response.
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Discussion

Our patient presented the classic SPG3A phenotype, with 
a pure early-onset HSP. SPG3A is caused by mutations in 
ATL1 gene on chromosome 14. ATL1 codes for atlastin, 
a GTPase protein predominantly expressed in pyramidal 
neurons and grouped in the dynamin family, involved in 

many cellular processes, as cytoskeletal function, mito-
chondrial maintenance and in synaptic vesicle recycling 
[20]. At the age of 34, the patient experienced a revers-
ible sensory deficit recognized as a MS attack. This diag-
nosis was supported by the neuroimaging and labora-
tory findings and further corroborated by the response 
to IVMP.

Fig. 1   Brain and spinal cord MRIs. In the upper row, the baseline 
lesion load is visible. (A, B, C): axial T2-weighted fluid attenuation 
inversion recovery (FLAIR) images showing little hyperintense deep 
white matter lesions in the left frontal lobe. D Sagittal fluid attenua-
tion inversion recovery (FLAIR) image T2 does not show any abnor-
mal signal in other typically involved structures (corpus callosum, 
pons, bulbo-medullary junction and cerebellum). In the middle row, 
spinal cord MRI (2 months later): E Sagittal TSE T2-weighted and 
F axial MERGE T2 showing C2 cervical spinal cord lesion on the 
right medullar side. G Sagittal TSE T2-weighed images showing two 

dorsal lesions at T4 and T6 levels. Swollen spinal cord is visible at T4 
level. H Sagittal TSE T1-weighted after gadolinium shows pathologi-
cal contrast enhancement of the most cranial dorsal lesion (T4 level). 
In the lower row, brain and spinal follow up MRI (8 months later). 
I, L Axial T2-weighted fluid attenuation inversion recovery (FLAIR) 
images showing unchanged small isolated white matter lesion in left 
frontal lobe. M, N Spinal cord images showing less swollen medulla 
with slight reduction of the two dorsal spinal lesions without contrast 
enhancement. Note the incidental finding of a small meningioma at 
level C6-C7 (E)

5503Neurological Sciences (2022) 43:5501–5511
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A casual association can be possible, although, based 
on a prevalence of 176 × 10−5 for MS in Italy [21] and of 
1.8 × 10−5 for autosomal dominant HSP [22], the associa-
tion would have a probability of 0.3 × 10−7. The increasing 
number of reports in which HSP and MS occur in the same 
patient or family [4, 6–18], can suggest that this association 
is more than the result of a chance.

From our literature review, we identified 20 patients with 
the possible association of MS and HSP [6–18], mostly 
related to SPAST mutations. However, in many cases, there 
were not enough data to achieve a definite MS diagnosis 
according to the 2017 McDonald criteria for MS [19]. In 
other cases [15, 16], the same authors pointed out a MS 
misdiagnosis due to a mimicry between the two condi-
tions, although one case still met the 2017 McDonalds 
criteria for MS [16]. A similar misdiagnosis cannot be 
excluded also in other cases. Indeed, the 2017 McDonalds 
criteria are highly sensitive but not specific for MS, and 

misdiagnosis is frequent [23]. Diffused WM hyperintensi-
ties on T2-weighted images have been reported in patients 
with HSP associated with different mutations including 
genes associated with the SPG11, SPG2, SPG5, and SPG35 
subtypes of HSP [24], in some cases leading to a misdi-
agnosis of MS [15, 16]. Similarly, another reported case 
with SPG4 HSP met the dissemination in space criteria 
at brain MRI, although the atypical morphology/distribu-
tion of lesions was red flags for an alternative diagnosis 
[11]. However, such lesions have never been reported in 
patients with SPG3A [25]. Moreover, oligoclonal bands 
have been identified also in subjects with Mendelian and 
mitochondrial neurological disorders [26], and therefore, 
their presence is not highly specific for MS [27]. However, 
spinal cord inflammatory lesions were confirmed by MRI 
in 85% of assessed cases, a finding not reported in HSP 
[24]. Moreover, 80% of cases with reported MS and HSP 
undergoing immunotherapy, including ours, presented some 

Fig. 2   Flow diagram. Study 
selection flow chart
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1 3

degree of clinical improvement or disease stabilization, sup-
porting the presence of a concomitant ongoing inflamma-
tory process.

It has been demonstrated that patients with PPMS and 
SPMS are enriched for HSP-related mutations causing 
axonal injury, which could contribute to disease evolution 
in progressive MS [4, 5]. On the other hand, a broader link 
between inflammation and neurodegenerative diseases has 
been described [28]. According to this, misfolded proteins 
or nucleic acids in non-physiological compartments act as 
damage-associated molecular patterns (DAMPs), activating 
microglia and other cell types that express protein recogni-
tion receptor (PPR). This eventually triggers inflammatory 
events that contribute to neuronal dysfunction and death. 
A similar process could also take place in HSPs, where 
chronic neuronal damage releases antigens, possibly trig-
gering an autoimmune response. Notably, MS has been 
described in association with other genetic diseases (e.g. 
neurofibromatosis and LHON) [29, 30]. This would be in 
line with the “intrinsic model” of MS pathogenesis, which 
hypothesises that the initial event that triggers autoimmun-
ity happens inside the CNS and leads to release of antigens 
peripherally.

In conclusion, our case adds to the literature supporting 
the need to further investigate a possible pathogenic link 
between HSP and MS. Furthermore, these cases offer fur-
ther food for thought, that is, in a patient suffering from 
hereditary spastic paraplegia or other neurodegenerative 
disease, one must not make the mistake of underestimating 
the appearance of new or atypical symptoms.
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