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Abstract

Background The Brazilian Northeast region is notable for its high prevalence of consanguineous marriages and isolated
populations, which has led to a significant prevalence of rare genetic disorders. This study describes the clinical presenta-
tion of four affected individuals from the same family, comprising two siblings and their cousins, with ages ranging from
11 to 20 years.

Methods In a small and isolated community in Northeastern Brazil, affected individuals initially underwent a clinical
assessment. Subsequently, written consent was obtained from their legal guardians, and an extensive clinical evaluation was
conducted at a medical genetics center. Family data provided the basis for constructing the pedigree, and biological samples
(blood or oral swabs) were collected from both affected and unaffected family members. Following informed consent from
one patient, Whole Exome Sequencing (WES) was carried out, encompassing exome sequencing, assembly, genotyping, and
annotation. A potentially deleterious variant was then singled out for further segregation analysis through Sanger Sequenc-
ing, involving both the proband and select family members.

Results and conclusion These individuals exhibit severe neurodevelopmental delays, encompassing symptoms such as spas-
tic paraplegia, neuropathy, intellectual impairments, and language challenges. Through next-generation sequencing (NGS)
techniques, a previously unreported homozygous variant within the ERLIN2 gene linked to spastic paraplegia 18 (SPG18)
was identified across all four patients. Also, all patients displayed childhood cataract, expanding the known clinical spectrum
of SPG18.
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Introduction

In Brazil, studies conducted since the 1950s have revealed a
high occurrence of consanguineous marriages. Particularly
in the Northeast region, the frequency has been reported
to be approximately 15 times higher than in the Southern
region of the country [1]. In 2012, a subsequent study within
isolated communities in Northeastern Brazil identified rates

P4 Thalita Figueiredo
thalita.figueiredo @famed.ufal.br

Medical Genetics Sector, Faculty of Medicine, Federal
University of Alagoas, Maceid, Alagoas, Brazil

Clinical Genetics Service, Medical Genetics Sector, Faculty

of Medicine, University Hospital, Federal University
of Alagoas, Maceid, Alagoas, Brazil

Center of Health Sciences, Alagoas State University
of Health Sciences-UNCISAL, Macei6, Alagoas, Brazil

Ophthalmology Sector, Faculty of Medicine, University
Hospital, Federal University of Alagoas, Maceid, Alagoas,
Brazil

Child Neurology Service, Department of Neurology,
University of Sdo Paulo School of Medicine, Sao Paulo, SP,
Brazil

Mendelics Genomic Analysis, Sdo Paulo, SP, Brazil

of endogamy ranging from 6 to 41.1% [2]. A more recent
study conducted in 2021 also linked the low diversity of sur-
names to a high consanguinity rate in isolated municipalities
in the Brazilian northeast [3].

In 2005, a group of researchers identified and described
for the first time 26 individuals from consanguineous fami-
lies in the backlands of Northeastern Brazil who had a com-
plicated autosomal recessive (AR) form of Hereditary Spas-
tic Paraplegia (HSP) characterized by spastic paraplegia,
optic atrophy and neuropathy (SPOAN syndrome, OMIM
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Fig. 1 Family pedigree
showing individuals with
spastic paraplegia 18 (SPG18)
represented in filled symbols
and half-filled symbols indicate
heterozygous individuals.
Genotyped individuals are
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#609541) [4]. After a decade, the etiological diagnosis of
SPOAN in more than 70 individuals from this group rein-
forced the association between the syndrome and levels of
inbreeding in these isolated populations [5]. In this work,
we identified four patients from the same family (2 siblings
and their cousins) with previously unreported homozygous
variant in ERLIN2 gene associated with SPG18 (SPG18,
OMIM #611225). Furthermore, all four patients present
cataract since childhood which represents an expansion of
the clinical phenotype for this disorder.

Methods
Clinical analysis and family material

As part of a larger project investigating neurodevelop-
mental disorders in highly inbred regions of Northeastern
Brazil, affected individuals from a small and isolated com-
munity underwent clinical evaluation in their hometown.
After obtaining written consent from their legal guard-
ians, an extensive clinical evaluation was carried out in a
medical genetics center and in an ophthalmology service.
The provided family data was used to build the pedigree
(Fig. 1). Blood samples or oral swabs were obtained from
affected and unaffected family members for further DNA
extraction. The data sampling protocol, as well as the
consent procedure, were analyzed and approved by the
National Research Ethics Committee - CONEP (Process
39674220.1.1001.5013).

Exome and Sanger Sequencing

Whole Exome Sequencing (WES) was performed after
informed consent in one patient (III-7). Genomic DNA
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was extracted from peripheral blood leukocytes or oral
swabs using standard protocols. Exome sequencing,
assembly, genotyping, and annotation were performed
at Mendelics Genomic Analysis (Sdo Paulo, SP, Brazil).
Exome capture was performed using the [llumina Nextera
Rapid Capture Exome kit (Illumina, Inc., San Diego, CA,
USA). Sequencing was performed in an Illumina HiSeq
2500. Sequence reads were aligned with the reference
human genome (UCSC Genome Browser GrCh38/hg38)
with the BWA (Burrows-Weeler Aligner) software (2009).
Genotyping was performed using the Genome Analysis
Toolkit (GATK). Annotation, filtering, and variant
prioritization were performed using Mendelics proprietary
software, allowing an in silico reduction in candidates for
further analysis. Classification of variants follows the
guidelines of the American College of Medical Genetics
(ACMG). One potentially deleterious variant was selected
for further segregation analysis by Sanger Sequencing in
the proband and some family members. PCR products
were amplified using the following primers: forward: 5'-
CACGTTGGACCACACACATT - 3'; reverse: 5'- CTC
CCTGTCTCTGCCTTACC - 3'. The reaction products
were analyzed in the ABI 3500 DNA Analyzer equipment
(Applied Biosystems, Carlsbad, CA, USA). The results

were analyzed using the Software Chromas and CLC
Sequence Viewer.

o

Results
Clinical presentation
We evaluated four individuals from the same family (two

siblings and their cousins, aged between 11 and 20 years).
In all of them, the complicated form of HSP was detected,



Neurological Sciences (2024) 45:2705-2710

2707

characterized by earlier onset and severe conditions. They
all depend on external help for basic activities, due to
neuropsychomotor development delay, verified before 1
year old. We also observed progressive spasticity, which
predominates in the lower limbs, associated with lower limb
muscle weakness. They also have never walked and make
use of a wheelchair. In addition, they have intellectual and
language impairments, having never learned to read or write,
although they maintain a low level of interaction with the
examiner. Furthermore, in proband III-7, an association with
epilepsy was observed, and III-6, III-7 and III-8 presents a
compromised ability to verbalize. Moreover, probands III-
6, IT1I-7 and III-8 were diagnosed with childhood cataract,
and more recently III-7 and III-8 underwent surgical
correction. The ophthalmological alteration in individuals
III-7 and III-8 led us to investigate possible alterations in
the remaining individuals. Consequently, subject I1I-4 (11
years old) underwent his first ophthalmological evaluation,
which also revealed the presence of a cataract, described
as a pulverulent cataract, a rare subtype. No other family
member besides the patients exhibits cataracts. Furthermore,
as evident in Table 1, cataracts were also not reported in
any other patients described in the literature. This suggests
childhood cataract as a phenotypic expansion of SPG18. It
also should be emphasized that heterozygous individuals in
the family are healthy, characterizing an autosomal recessive
inheritance in this family.

The presented table offers a comprehensive overview of
families associated with SPG 18 up to the point of writing
this article. The clinical presentation of most patients with
the complicated form and autosomal recessive inheritance
shares common characteristics, always involving
intellectual deficiency and motor impairment. This can
manifest itself through limb deformities, joint contractures,
or an altered gait.

Genetic findings

The WES showed a mutation with autosomal recessive
inheritance in exon 8 of the ERLIN?2 gene: c.47_48delinsAA
(Fig. 2A), which results in a premature stop codon in the
16th amino acid cysteine (p.Cys16*), leading to a truncated
production of the ERLIN2 protein. This variant cosegregated
with the disease (Fig. 2B) and was not present in Brazilian
population controls (Mendelics Database) as well as in
gnomAD [17], neither in autosomal recessive inheritance,
nor in dominant inheritance. Moreover, p.Cys16* is
conserved across ERLIN2 orthologues and predicted as
deleterious by MutationTaster.

Discussion

The approach of combining field investigation in highly inbred
regions of Brazil, where clusters of genetic disorders are sought,
with advanced molecular techniques has proven to be success-
ful once again in this study. Using this strategy, new causative
mechanisms have already been related to two autosomal reces-
sive forms of intellectual disability associated to MED25 and
IMPAL genes [18, 19], as well as a new genetic syndrome asso-
ciated with spastic paraplegia, known as SPOAN syndrome [5].

Hereditary spastic paraplegias (SPGs) are a group of neu-
rodegenerative diseases with heterogeneous clinical mani-
festations and genetic etiologies. It is an extremely rare con-
dition with a prevalence ranging from 0.1 to 9.6 cases per
100,000 individuals worldwide [20]. In the case of SPG18,
its clinical symptoms include contractures, progressive
global muscle weakness, muscle atrophy, increased muscle
tone, delayed walking, abnormal gait, spasticity in the lower
and upper limbs, extensor plantar responses, hyperreflexia,
speech impairment, intellectual disability, seizures, scolio-
sis, kyphosis, pes cavus, squint, and high-arched palate.

The gene associated with SPG18 is ERLIN2, which was ini-
tially identified in 2011, through a mapping of a Turkish family
with autosomal recessive intellectual disability, motor impairment,
and multiple joint contractures [6]. Around the same time, a fam-
ily from Saudi Arabia, with the complex form of hereditary spastic
paraplegia, was found to have a deletion mutation of ERLIN2.
This form of the disease was later classified as SPG18 [7].

To date, different presentations of the disease have been
described, both in its pure and complicated form, from a
total of seventeen families/cases investigated. Among them,
nine have autosomal recessive SPG18, five have autosomal
dominant SPG18, and three are sporadic cases [6—12]. All
of these patients with different types of SPG were from Asia
(Middle East, Iran, Turkey, China, and Korea) and Europe
(France and Norway). None of them were from the Ameri-
can continent. Seven of the eight families with autosomal
recessive SPG18 had reported consanguineous marriages
(7 out of 8). It is crucial to underscore the significant asso-
ciation between the autosomal recessive inheritance pattern
and the complex phenotype of the disease, considering that
all complicated cases exhibit this inheritance pattern. At this
stage, it is possible to notice that all cases with autosomal
recessive inheritance and complicated forms consistently
manifest intellectual deficiency. Notably, only two cases
demonstrate both an autosomal recessive pattern and a pure
phenotype: a family from Iran [13] and another from China
[10]. It is pertinent to mention that all reported autosomal
dominant and sporadic cases are pure.
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Furthermore, it is relevant to highlight a discernible pattern
of genetic alteration in pure forms resulting from autosomal
dominant inheritance and sporadic cases, all originating from
amino acid substitutions. In contrast, complicated phenotypes,
represented by autosomal recessive inheritance, arise from
genetic variants in homozygosity, encompassing large deletions,
insertions, duplications, splicing mutations, and point mutations.

Here, we present two affected siblings and their two cousins
with a novel variant in the ERLIN?2 gene (c.47_48delinsAA).
It’s important to notice that the children’s fathers are brothers
and their mothers are cousins to each other, all from an
isolated region in the Brazilian northeast. Once the same
homozygous variant was found in all four patients, it possibly
suggests that they share a common ancestor. This is the first
case report about a family with SPG18 in the Americas
and the first worldwide to report childhood cataract in
SPG18, representing an expansion of this disorder’s clinical
phenotype.

Conclusion

In conclusion, this study marks the first documented
case of SPG18 in the Americas, identified through the
assessment of four individuals within the same family.
The findings highlight a consistent presentation of the
complicated form of Hereditary Spastic Paraplegia
(HSP) and a notable association with childhood cataracts,
suggesting a phenotypic expansion of SPG18. Importantly,
this case introduces a novel variant in the ERLIN2 gene,
contributing to our evolving understanding of the genetic
factors underlying SPG18.
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