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Introduction

Autosomal Recessive (AR) spastic paraplegia 26 (SPG26) is 
a complex type of Hereditary Spastic Paraplegia (HSP) charac-
terized by childhood/adolescence onset of progressive spastic 
paraplegia, mild/moderate cognitive impairment, develop-
mental delay, dysarthria, cerebellar ataxia and polyneuropathy 
[1-3]. SPG26 is caused by B4GALNT1 (12q13.3) pathogenic vari-
ants, encoding beta-1,4 N-acetylgalactosaminyltransferase 1 
(GM2/GD2 synthase), an enzyme involved in biosynthesis of 
complex gangliosides [4].

We report four additional cases, from three Portuguese 
families, of complicated HSP revealing B4GALNT1 pathogenic 
variants. We describe hearing dysfunction as a feature of 
SPG26, not previously described in this condition.

Materials and Methods 

Patient registries were consecutively assessed. Data on 
clinical, imagiologic and neurophysiological studies was 
analysed.

Results and Discussion 

Patient-1 

25-year-old male presented with psychomotor retardation 
and gait disturbance. His delivery was full-term; his perinatal 

period and childhood were uneventful. His parents, non-

consanguineous, and a 17-year-old brother were healthy. His 

12-year-old brother had psychomotor retardation (Patient-2). 

A maternal aunt had intellectual disability and tip-toe gait 

from 25 years old.

He started walking at 2 years old and was clumsy. At 12 

years old his gait further deteriorated, with tip-toe walking, 

and muscle atrophy in lower limbs was noted. 

Physical examination revealed mildly asymmetric, 

predominantly distal, spastic paraparesis, global hyperrefl exia, 

bilateral Babinski sign and foot drop, with spastic and steppage 

gait. Bilateral stocking pinprick and vibration sensitive defi cits 

were present. Intelligence quotient was 44.

Laboratory investigations and neuroaxis MRI were normal. 

Nerve Conduction Studies (NCS) revealed sensitive and motor 

axonal polyneuropathy. Auditory Evoked Potentials (AEP) 

showed very low amplitude and poorly defi ned waves I to V, 

bilaterally. Audiogram was normal.

Patient’s karyotype was 46,XY. Array Comparative 

Genomic Hybridization (aCGH), genetic testing for FMR1 and 

multigene panel for AR HSP were normal. Clinical exome study 

revealed B4GALNT1 homozygotic pathogenic variant c.682C>T 

(p.Arg228*).
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Patient-2 

12 year-old male was referred for psychomotor retardation. 
His delivery was full-term and his neonatal period was 
uneventful. He walked alone at 2 years old, and was clumsy. 
Intelligence quotient was 54.

Physical examination was remarkable for global 
hyperrefl exia and bilateral dysdiadochokinesia.

Laboratory investigations, NCS and neuroaxis MRI were 
unremarkable. AEP revealed a bilaterally low V/I amplitude 
ratio. Audiogram was normal.

aCGH was unremarkable. Considering his brother´s genetic 
test results, targeted analysis of B4GALNT1 revealed the same 
homozygotic pathogenic variant.

Patient-3 

45-year-old male, born from healthy and non-consan-
guineous parents, presented with progressive tetraparesis. 
First symptoms were noted at 15 years old and he was unable 
to walk by his thirties. The disease later progressed with dys-
artrodysphonia and dysphagia.

Psychomotor development was normal until fi ve years old, 
when he was admitted for meningitis. Thenceforth, intellectual 
impairment was noted.

Neurological examination revealed bilateral sensorineural 
hearing loss, hypotonic tetraparesis, global hyporefl exia, 
bilateral Babinski sign and pes cavus. 

Laboratory investigations and neuroaxis MRI were normal. 
AEP revealed severe sensorineural hearing loss on the right 
hear and moderate on the left. NCS were compatible with 
sensitive and motor axonal polyneuropathy. 

Patient’s karyotype was 46,XY. A multigene panel for 
hereditary neuropathies was normal. Clinical exome study 
revealed the same B4GALNT1 homozygotic pathogenic variant 
present in Patient-1 and Patient-2. Apparently, no inbreeding 
relationships between both families exist.

Patient-4 

7-year-old female presented with gait diffi culty and 
psychomotor retardation. She was born at 38 weeks and 
the neonatal period was unremarkable. Her parents, non-
consanguineous, and her 10-year-old brother were healthy. 
She sat alone at 10 months and started walking at 18 months.

Physical examination revealed symmetrical, predominantly 
distal, spastic paraparesis, hyperrefl exia in legs, bilateral 
Babinski sign and foot drop, with spastic and steppage gait. 
Bilateral glove and stocking vibration sensitive defi cit was 
present, as well as pes cavus. Right dysmetria was noted in 
fi nger-to-nose test. 

Laboratory investigations, brain MRI and NCS were normal. 
AEP revealed normal wave I latency, I-III interval mildly 
prolonged and V/I amplitude ratio in the lower limit of normal. 

Patient’s karyotype was 46,XX. aCGH and genetic testing 
for FMR1 were normal. Clinical exome study revealed B4GALNT1 
homozygotic pathogenic variant c.395del (p.(Pro132GInfs*7)).

Conclusion 

Farag, et al., reported a consanguineous Kuwaiti family 
in which 5 siblings had complicated HSP [5]. In a follow-up 
study of this family, Wilkinson, et al., identifi ed a putative 
22.8-cM disease locus on chromosome 12p11.1-q1 [6]. By 
exome sequencing of 5 families with AR HSP, Boukhris, et 
al., identifi ed 5 different B4GALNT1 homozygous pathogenic 
variants and described the associated phenotype [2].

Our cases presented features already described in SPG26 
(Table 1). All patients revealed intellectual impairment; Pa-
tient-1, Patient-3 and Patient-4 presented spastic parapare-
sis; Patient-2 did not present motor defi cits but had global 
hyperrefl exia. Cerebellar involvement was noted in Patient-2 
and Patient-4. Polyneuropathy was present in Patient-1 and 
Patient-3. 

These cases confi rm the high inter-familial and intra-fa-
milial phenotypic heterogeneity in SPG26 (Table 1), remark-
ably evident in Patient-1 and Patient-2, from the same family, 
although the absence of spastic paraparesis and polyneuropa-
thy can be explained by the younger age of Patient-2.

Table 1: Clinical features of the 4 patients described.

Patient 1 Patient 2 Patient 3 Patient 4

Cognitive impairment Yes Yes Yes Yes

Spastic paraparesis Yes
Globally brisk deep tendon 
refl exes (no motor defi cit)

Yes Yes

Cerebellar ataxia No Yes No Yes

Peripheral neuropathy Yes No Yes No

Evidence of hearing 
dysfunction

Yes Yes Yes Yes

All patients had neurophysiological evidence of auditory 
pathway impairment. In Patient-3, meningitis sequelae may 
contribute to hearing impairment, although an alternative 
explanation for other patients’ results could not be identifi ed. 
Previous reports described AEP studies in patients with SPG 
[7-11]. Pedersen and Trojaborg [8], concluded that one of 13 
patients studied had abnormal results to visual, auditory and 
somatosensory stimulation. Sawhney, et al., [9], demonstrated 
that AEP were altered in 13 of 25 patients with SPG. Tedeschi, 
et al., [10], concluded that AEP and other brainstem evoked 
potentials changes, were more common in complicated than 
in pure forms of SPG. All the aforementioned studies report 
patients without genetic characterization and the diagnosis 
was made in clinical basis alone. Manganelli, et al., [11] 
demonstrated AEPs changes in families with SPG5 molecular 
diagnosis. Hearing impairment, which may eventually worsen 
with age, is, to the best of the authors’ knowledge, a feature 
not previously described in patients with SPG26 associated 
with B4GALNT1 pathogenic variants. Only Patient-3 reported 
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hypoacusia, and these neurophysiological changes have no 
clinical repercussion in the remaining patients, which is 
according to previous reports [8,10], demonstrating AEP 
changes in SPG patients without auditory complaints [8,10].

B4GALNT1 encodes b-1,4 N-acetyl-galactosaminyl trans-
ferase 1, which catalyzes the transfer of N-acetyl-galactos-
amine into GM3, GD3 and globotriaosylceramide by a b-1,4 
linkage [2]. GM3 synthase, encoded by ST3GAL5, mediates the 
sialylation of lactosylceramide to form GM3, the root structure 
for all downstream a- and b-series gangliosides [12] (Figure 1). 
Yoshikava, et al., showed that in eight children homozygous for 
ST3GAL5 c.694C>T pathogenic variant, their auditory function 
was characterized by absence of middle ear muscle refl exes, 
distortion product otoacoustic emissions and cochlear micro-
phonics, as well as abnormal auditory brainstem responses and 
cortical AEP [13].

B4GALNT1 homozygotic pathogenic variant found in the 
fi rst three cases had already been described and demonstrated 

as pathogenic in a Brazilian family with SPG26 [2]. Considering 
the rarity of SPG26, the absence of consanguinity between 
the family of Patient-1 and Patient-2 and the family of the 
Patient-3, and the history of the discovery and Portuguese 
colonization of Brazil, the authors hypothesize that this can be 
explained by a founder effect originating from the Portuguese 
population.

The pathogenic variant found in Patient-4 had already been 
described and demonstrated as pathogenic in a Spanish family 
with SPG26 [2].

Next generation sequencing is revolutionizing our 
understanding in medical genetics, allowing the identifi cation 
of the molecular basis of several disorders, not otherwise 
detected. Understanding the clinical manifestations and the 
phenotypic heterogeneity of SPG26 will help elucidate the 
pathogenesis and mechanisms of neurodegeneration and to 
establish correlations between the genotype and the phenotype 
in this disease.

Figure 1: Representation of Ganglioside Metabolism. Adapted from Boukhris, et al., (2013) [2]. Abbreviations: hex, hexosaminidase; Gb3, globotrioaosylceramide; GBA, 
glucocerebrosidase; GD, disialic ganglioside; GALC, galactosylceramide-beta-galactosidase; GLA, alpha galactosidase; GLB, beta galactosidase; GM, monosialic ganglioside; 
GT, trisialic ganglioside; GT3 synthase, alpha-N-acetyl-neuraminide alpha-2,8-sialyltransferase; MLD, metachromatic leukodystrophy; Sap, saposin.
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